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TO THE READER - : '
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' This thesis has been written and organized according to

-~ \

the style and format of the Journal of Palegntology.
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%
Much of the explanatory information ésually ipcluaedzﬁn

i
o

a thesis has been omitted in order to have .the entire manuscript

——

. ' acceptable Torpubticatiens Iy ‘
¢ ° . !
N , ) ; . [y
. The figures are reproduced here at the gcale at which they -
would be published. .
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THE OSTEOLOGY AND MUSCULATURE OF THE ]\ ~
. .PECTORAL 'LIMB OF SMALL CAPTORHINIDS
. ABSTRACT

” -

The osteology of the pectoral limb of small captorhinids

is described and figured in detail. A cartilaginous sternum
W L 4

was present. The function of the glenoid is analyzed. It is

.

. 7
not a simple, sliding or rocking joint, as was previously supposed,

i
but considerable rotamrion was also an integral part of humeral

- «

o

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

-

lower arm is extended,- its distal end swung forward and extended
the anterior reach of the hand. wﬁen the lower arm was flexed, the
posterior reach of the hand was extended. Articulated speclmens

allow a recontruction of the manus. There is no well developed wrist

-

joint, but rather the manus, as a whole, was a flexible structure.
A pisiform is present. SesamoTd bones were developed in the tendons

of the palmaris communis profundis muscle. '
A comparative study of forelimb musculature of living reptiles

based on dissections and on a survey of the literature indicates that

the evolution of rhis musculature has been very conservative. The
forelimb musculature of small captorhinids is very similar to that,

©
of all living reptiles except turtles.
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L'OSTEOLOGIF FET LA MUSCULATURE DU MEMBRE .
. ANTERIEUR DI PETIT CAPTORHINIDES
/ |
LEXTRALT
| ! / ’
' L'osteologie du membre anterieur des petits captorhinidés .

-

est|{decrite et representée en detail. Un sternum de cartilage

. -

était present. (La fonction de 1'articulation glénoide est

‘ 4 -

analvsée. Liﬂsurface articuiante de 1'humerus n€ coulisse ou
n'oscille pas seulement comme 1 avait été supposé auparavant

mais une g?ﬂﬁde proportion de la rotation faisait partie intégrale
du mouvement de 1'humerus. La construction de 1'articulation de
1(épau1F est telle que 1'extension de l'avant bras produrt aussi

une rdtation vers 1'avant de la main. Quand 1'avant bras est tendu,

- @
la main est poussée vers l'arrieére. Le produit combing de ces deux

¥

facteurs permet un plus grand pas. Les specimens articulés permettent
»
une reconstruction de la main. L'articulation du poignet n'est pas i

bien developpée, mals dans 1'ensemble la main est une structure

/-

7 flexible. Une pisiforme est presente. Des os sesamoides sont presents

dans les tendons du muscle palmaris communis profundi}g“g

Bl

1]
> Une &tude ceomparée de la musculature de 1'avant bras des reptiles
‘ 4 e
!

n

modernes baséde sur des disscctions et des recherches littéraires

1

‘ - N - -
| perm@™de donclure que }'évolution de cetté musculature a etée, tres

restreinte. La musculature, de 1'avant bras des petits captorhinidés
Q

- L
T

. est trés similaire a celle de tous les reptiles vivants a 1'exception

. ;e

des tortues oo
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THE OSTEOLOGY AND MUSCULATURE OF ‘THE

PECOTRAL LIMB OF SMALL CAPTORHINIDS

»

INTRODUCTION

¥

Although numerous papers have been written on the comparative
myology of lower tetrapods, few have dealt with the reconstruction
of, the musculature oﬁ extinct forms. Watson (19j7) was among the~
first to discuss the shoulder muscles of }ermian reptiles. Of
particular significance was Romer's detailed, systematic gﬁteqﬁﬁ,
to refonstruct the appendicular musculature of primitive and mammal-
like reptiles (1922). Diadectes, a large and rather speciali;ed
anapsid reptile was used by Romer as a basis for this ;ecoqstruction,
presumably because it was one of the few pyimitive reptiles of
which good postcranial material was available. The taxonomic position
of Diadectes is presently injg;spute, b;t it seems quite certain
that the animal is far from primitive in many regards.

Compared with the great volume of materia} written on the

pelvic limb of extinct, lower tetrapods, relatively few papers

have considered the pectoral limb in these forms, presumably because

— .

the pectoral limb does not display the radical evolutionary changes
between primitive and advanced forms which characterize the pelvic limb.
ﬁiggr (1925) made a comparative study of the anteriotr limb of the

urodele Megalobatrachus and Sphenodon, and used this information

to reconstruct the musculature of the extinct temnospondyl Eryops.

e

g



P

(1939) reviewed the extensor musculature of the fdrearm of tetrapods,

-~ oo

- ¢ - .

ﬁbwell (1936) made a comparative study of reptile musculature and its s

bearing on the musculature of primitive, extinct reptiles. Haines

Il

.

and attempted a reconstruction of these %fuscles of the pelycosaur

N

Ophiacodon. Romer (1942, 1944) studied the embryological development

of the limbs of Lacerta as a means of clarifying some of the problems

AL |

related to the evolution of reptilian appendicular muscles. .
. Since those papers were writtggj our knowledge of primitive
reptiles has increased immensely. The Family Romeriidae is now

. 2

. . . o~ .
recognized as having included the ancestors of all later reptiles . .

' (Carroll 1964, Carroll and Baird 1972, Clark and Carrall 1973),

°

and a detailed study of their appendicular musculature would contribute

o - o
much to an understanding of the primitive pattern of locomotion

?
A

in reptiles. Unfortunately, preservation of the postcranial elements

is generally not good enough nor is ossification sufficiently complete

in these small reptiles to éllow such a study. The Family
~ .
Captorhinidae evolved directly from the romeriid stock. Captorhinids

are not directly ancestral to either diapsids or synapsids, but

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

13

this group are only slightly larger than their romeriid ancestors,

and their appendicular skeleton is very similar. Because of the

»

unusually good preservation of skeletal elements of captorhihidéx
- [

especially of specimens from the Lower Permian.locality at Fort Sﬁll,
. |

Oklahoma, muscle scars are easily visible. Muscles with restricted

o

attachment areas or that attach by tendons ‘can be readily reconstructed

on this basis. Some muscles, however, have broad, fleshy attachments, °

<

- :
r . © v
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and leaye little evidence of their former attachment on the bone
B 1

a2

surface. Reconstruction of these muscles is facilitated by knowledge Q»’

of the positions of those for which there is‘direét evidence. The

¢ o

excellent state of-preservation of this material, as.well as its
phylogenetic sigﬂificance, indicates the value of an attempt to

reconstruct the appendicular musculature in its entirety.

Study of the mdsculaturg of living reptiles of.such divergent types
as Sphenodon (Miner 1925), lguana (Romer 1944), Pseudemys (Walker 19737, *

4

and crocodiles (Furbringer 1876) shows many common features, suggesting

a similar pattern for primitive reptiles as well. O the basis of this

lfterq&ure and dissections of preserved material, the musculature of th'%e
pectoral girdle and limb of small captorhinids has been reconstructed. Work

Y ~ !

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

‘s

This will be considered in a subsequent publication.” - -— -

Reconstruction of the musculature’ of primitive reptiles requires

’

that their osteology be very well known. Captorhinus has been discussed
b§ many authers, most recently by Fox and Bowman (1966). They considered

probable attachment areas of the major muscle masses of this animal,

v - — - —

but unfortunately no relevant diagrams of detailéd é;mpagisons witﬁ

. living forms were provided.® ?ublishéd figures are not generally
sufficiently detailed to be used for anything but khe most generalized
reconstruction of the musgulature., Consequently,rmost skeletal elements

Al 7
have beed redrawn for this study, using specimens that show most clearly

-

the evidence for muscle attachment. .
© .

7 - 4 . ¢



In this study of the appendicular musculature of captorhinids, »

Ighave confined myself to,thé smaller members of the group. The

smaller genera are generally more primitive than the 1afger, later

members of the family, and therefore should show a’muscular architecéure

closer to the romeriid patggrn. The“smaller forms are also much

better preserved and casier to prepare than the larger animals.

Much of the matéYxal,JSwfrom Fort Sill, where the matrix may be

removea by washing with watery allowing complete exposure of the

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

Although the state qf preservation of isolated elements at

Fort Sill 1s eﬁcqllant, the disarticulated cdondition of wost of the
mains makes the reconstruct}on of structural units sa%pbas the

carpus or shoulder girdle diff;culf‘due to the presence of a large

number of individuals of various sizes. These reconstructions

have been aided by the usec of several specimens Qf a second captorhinid

genus, discussed below, that is slightly older and probably directly

ancestral to Captorhinus, from the Lower - Pérmian McCann Quarry of

_Oklalroma. Th%simatégial is well articulated and generally in an

excellent state of préservation. The nature of these specimens P]

allows a more accurate determination of the relative size and

proportions of the elements of the appendicular skeleton than has * %

.

been possible in the past.

t

Seltin -(1959) anmd Fox and Bowman (1966),-who have previously

. .- . . + ! .
deseribed members of the Family Captorhinidac, were of the epinion

Ry

that most.specimens from-{{re Upper Wichita (Clyde Formation) and ..
' 3
P ¢ .

y
-
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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 Formation in Texas or bé&s\of equi~
valent age in Oklahoma belong to an anteceéent form possessing only

a single tooth row. &hese forms were mentioned briefly by Clark

and Carroll {1972). A detailed study of the gemus ip 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 can
therefore be assumed, and so there is no reason to differentiate

them in this study. ‘ -

The following abbreviations will be used to denote, the location

of each specimen:

AMNH American Museum of Natural History
FMINH Field Museum of Natural History (Chicago)
o KU - Museum of Natural History of the University of Kansas
MCZ Museum of Compéréflve Zoology of Harvard Uni&ersi&f
ousM Oklahoma Univérgity Stovall Museum ,
1@know1edgements. o
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. ‘ THE OSTEOLOGY OF THE PECTORAL

’ LIMB OF SMALL CAPTORHINIDS

. :
The pectoral girdle in small captorhinids, as in all primitive

&
reptiles, consists of both dermal and endochondral elements. 1In

«

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

structure, and hag almost always been broken either during preservation

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

central portion. The edges are thin and fAagile, éspecially in the

anterior region. Recesses on the ventral sud ace of this border

The central

<, N\
part of the ventral surface 1s sculptured with a pattern of fine,

indicate the area of articulation with the clavic

»

radiating grooves. The dorsal surface of the interclavicle is

marked with a series of irregular, interconnecting channels suggesting
. -

the impressions of blood vessels, adhering close to the bone surface.

On the dorsal surface of the posteribr one-third of the stem
are two prominant, slot-like grooves. These give evidence for the

presence of a cartilagehous sternum. The stem of the interclavicle

appareqtly passed ventral to the sternum, with the sternumffiﬁténg
into these slots, much as it does in the modern lizard genus,
Iguana. The ventral plate of the clavicle (fig. 3 and 4) articulates
* with the broad, thin expanse of bone 'lying anterior to the central, .
. thickened portion ef the lrad of-the interclavicle, and i€fs irregular
medial border interﬁigitates with the medial border of the opposite

: .

clavicle at the midline. A prominant posterior process of the




I £y

&

>

%

view of stem, KU FEP 60c.

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

Id

of anteriopdportion, KU FEP 60c. B, Dorsal Qiew of A. C, Ventral

D, Dorsal view of C. Both spegimens X3.

-
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Fig. 3 Shoulder girdle of single tooth rowed captorhinid, OUSM 15020 B,

«

ventral view. X2, . o

-
i}




ot

';\_'
B

Fig. 4 Right clavicle of Captorhinus aguti (Cope) AMNH 2463.

I

A

A, TLateratl vicw‘.——B,—An;euoHieu._,C,_Eas_teﬂQx; view. D, Ventral

view. X3.

LY
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ventral plate diverges from the main part of the structure and

articulates with an accessory articular surface Nocated in the postero-
* - - ’ \'

lateral part of the diamond shaped head of the int rﬁlav1c1e, much

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

small, round depression of the anterior surface of the clavicle
in the region of the angle between the stem and ventral plat; is
present in all specimens examined, but its function could not be
determined. ’

A cleithrum could not be indentified in any of the captorhinihs
examinced. THowever, this element has been recognized among the
remains of most Paleozoic reptiles, and its presence in captorhinids
is like¥y, since they are direct derivatives of the primitive romeriid
stock. As pointed out by Romer and Price (1940) the cleithrum
was propably present in all pelycosaurs, but the bone was small,
and lost in the majority of specimens. 1ts apparent absence in
cabtorhinlds indicates that it was probably reduced to a small
splint of bone, loosely attached to the anterior border of the -

scapula above the dorsal stem of the clavicle.

Many frggﬁéntary Scépulocoraco;ds égiééftorﬁihids have been
discovered ?t the Fort S111 locality, but comﬁlete specimens are
rare. An csseq;ially complete specimen, MCZ 4345 from Fort Sill

1s Eigured here (f1g. 5). It has been compressed 1a}era11y during
preservation, and _consequently the angle made by the scapular blade
on the coracoid plate 1s considerably greater than it would have

[

been on an undistorted specimen. The region anterior to the glenoid



Fig. 5 Right scapulocoracoid of Captorhinus aguti (Cope), MCZ 4345.

- A, lateral view. B, Medial view. X3.

[

13



~ vty

glenoid ventrally through the coracpid plate at the level of the
supracoracoid foramen.
scapulocoracoid are not visible on this specimen, although they

are often apparent in immature specimens (fig. 6).

»

scapular blade missing provides many details that were obliterated

“Th MCZ 4345.

a complete reconstruction of the scapulocoracoid (fig. 8).
- A description of the major topographical features of both

the lateral and medial surfaces of the scapuRocoracoid was furnished

The information provided by these two specimens aylows

by Fox and Bowman (1966).

-

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

Sutures dividing the three elements of the

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

-

. /
In its natural position, the plane of the coracoid plate was

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

into which the trunk was siung. The scapular blade ﬁggts the coracoid
plate at an angle of about 125 degrees in undistorted specimens.
The scapula, therefore, was not verticélly oriented in life, but
must have extended laterally away from the trunk at an angle of
at 1ea;t 15~25 degrees from the median
radius of curvature of the ribs of an articulated specimen of a

primitive captorhinid OUSM 15020 B reveals that the ossified portion

3

plane. Estimation of the

of the scapula 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

cartilaginous suprascapula.

»

In living reptiles,

°

3
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CQQ
‘ . the serratus musculature is largely responsible for suspending the .-
. - . e
body from the pectoral girdle. It can work to the best mechanical
) o .
3 ~ advantage if the muscles are oriented in a vertical position, passing

- from the medial surface of the top of the girdle ventrally to the

ribs. 1If there were only a small suprascapula in captorhinids, the
# ~ ' e
serratus musculature would have had to:be direeted laterally from

P
. — —

L4

the ribs to the suprascapula. This would have been quite awkward - -

from a mechanical standpoint. The limited dorsal extent eof the

0 scapular blade of captorhinids suggests the existance of a large

suprascapula continuing dorsally from the top of the ossified

N

scapula above the angle of the ribs and theh spreading medially

o

over the dorsal surface of the rib cage to p}0$ide sufficient area

&

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

— lizards and Sphenodon.

’

The™FRunction of the Glehoid ¢

“«
>

a

‘ The articular surfaces of the glenoid of primitive tetrapods

-~
. LY

were originally covered by cartilage, although this cartilage was

.

T very thin, allowing confident restoration of the actual artiéulating
) . - -
surface on the basis of ‘the fossilized remains (Haines 1969, P.72).

“ T ——

Several workers have attempted to analyze the mechanics of the

;
5

e shoulder ﬁoint in primitive tetrapods. Watson (1917) noted the

» peculiar, strap-shape of the glenoid articular surface. He correctly

- observed that the nature of the joint prevented any rotation of the

N humerus about 1ts long axis while it retained a fixed orientation

5
3 174
» .
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&

‘ - relative to the trunk, and also strictly limited the extent of fore

. ) )
and aft movement of the humerus. He also realized that the distal
head of the humerus faced anteroventrally when the humerus was

& . « -
held full forward, and that it rotated to a horizontal position

-

as the humerus was drawn back through the glenoid.

Romer (1922) was the first worker to xecognize that the proximal

- articular surface of the primitive tetrapod humerus was actually

.

composed of two distinct surfaces separated by a groove passing
diagonally across the surface. ' One commences broadly at the anterior
dorsal edge (of the humerus) and dwindles as it curfes underneath

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

The other commences behind the first and continues dorsal to it to

v

the posterior erid of the articular surface " (Romer 1922).
Romer ~ould find no corresponding ridge on the gleqoid, but
- ' pointed out that ' anteriorly there is a broad beginning of the
s ﬂglen01d, followed hy contraction offkhe surface, and ther®by a sudden

expansion ". Romer felt that this contraction of the surface of

the glenoid divides the structure into two surfaces, corresponding

to the two surfaces on the humerus. He also axgued that the humerus

- ’ : could not have swung more than 20 degrees in the glenoid, because

» any additional movement would have caused the humerus to cut the

)

- muscular surfaces at the anterior an? posterior edges of the joint,

- ' N
and—sirain the joint capsule.

—

Fox and Bowﬁﬁﬁ”(l&ﬁgl\iftempted a functional analysis of the
y

~. o i~ TR ; .
. glenoid articulation of Captorhinus.=™ 1cy correctly pointed out ~
<

»

. - 3 " -
’
f
N
’ .




that/the articular surface of the proximal head of-the humerus of

»

©
P

Captorhinus is longer than the glenoid, and no matter how the humerus

\

was-oriented, some of its articular surface would have been outside
. Py ) S

of the glenoid. Movement back and forth yould only have magnified
this' effect at one end of the joint.‘ Romer's reason for limiting
the range of movp%ent of the humerus in primitive tetrapods to

20 degrees ;pparentlyidoes not hold for CaptorWMinus, nor, I suspéct

for any other primitive tetrapbd. Fox and Bowman (1966) alsd reported

<

a ridge on’the glenoid surface which corresponded to the groove
on the proximal articular head of the humerus described above.

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

on the humerus, and that these were the main surfaces of articulation

of the shoulder joint, forming a pivot point for the movement of

the humerus in the glenoid. According to them the surfaces on either
- N

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

.
——

sliding on each other.™

Further study of the shoulder girdle of Captorhinus indicates
that the ridge identified by Fox and Bowman could not have functioned
in the manner proposed by them. A re-evaluation of shoulder joint

movement in captorhinids is therefore necessary.
(=]

i *
Whén the humerus was drawn forward to its fullest extent, the

dorsal lappet of the anterior articular surface of the humerus was

r

in ‘contact with the posterior facing, anterior surfaece of the glenoid

-

(fig. 9A). Thej}Ldge of the glenoid fits firmly into the transverse

grqove on the humeral articular surface. The ventrolateral process .
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of the anterior part of the’glenoid abutts against a depressea area
{

on the anterodorsal surface of the humerus, immediately distal

to the dorsal lappet of the anterior drticular surface. This function-
-2

ally locked the humerus in the glenoid, preventing any excessive

forward movement. Although the entire anterior articular surface

A
- e,

— Yy
of the humerus and the articular surface around the groove are

s

in contact with the glenoid, most\of the pos@érior articular surface
, L

was free. The proximal and dista! heads were oriented at about

‘
.

45 degrees to 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. r

Since the major direction of force applied to the deltopectoral
crest by the pectoralis and coracobrachialis muscles was ventral
and'posterior, the humerus was not only_ﬁr wn back and down, but
it was also rotated on its long axis, causing the proximal head
to approach a vertical attitude and the dlst%l head a horizontal
attitude. But if’the ridge on the glenoid had remained in the groove
on the articular head of the humerus as Fox and Bowman suggested,
this rotation would have been inhibited. Rather- than the ridge
retaining a parallel orienéatioh with respect to the groove and

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

- f
forces set up by the depressor musculature on the humerus caused

. . ’
the groove on the articular surface to move ventrally and rotate ')

with respect to the ridge on the glenoid.asithe humerus was pulled
< {

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

-




. #humerus that had previously be%n in contact with the poster]':orly

directed, anterior surface of the glenoid moved diagonally across o
the latter surf?ce and left the anterowentral end of the glenoid.
As the humerus rotated, the anterodorsal p;rt of the posterior o
~_ _articular surface came into contact with the area of the glenoid
_previously occupied by the anterior articular surface of the humerus.
Simultaneously, more of épe posterior ;rticular surface of the
humerus gai;;a contact with the posterior part of the glenoid (fig. 9C).
The anterior articular surface of the humerus left the glenoid ‘-
completely as the transfer of surfaces took place. The posterior
articular surface of the humerus is slightly lpnger than sthe glenoid

surface, and slid a short distance 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

termination of the power stroke, the plane of the distal expansion

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

posteriorly, as suggested by Foxzhnd Bowman.
Since the deltoid and scapulohumeralis muscles pulled the
humerus forward and dorsally during the recovery stroke, the posterior

4

held approximately vertically, rather than directed downward and
‘ articular surface of the humerus would havé slid backward in the
‘ glenoid until the anterodorsal end of the former surface met the :

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

off " of the anterior end of the posterior articular surface and 3,
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‘ thus disarticulating, the humeral articular surface then slid diagonally
upward,"its groove sliding onto the ridge of the glenoid. This
» actién caused the humerus to rotate about its long axis so as to
raise the anterior edge of the distal head and direct the lower
limb forward. As the anterior articular syrface of the glenoid
once moré made contact with the glenoid, thé poéterior articular
surface left the glencid, and the humerus was in position for the
beginning of ancther power stroke\
The Humerus
. A very well preserved humerus of the captorhinid from Fort Sill

(KU FEP 60-439), is shown in figure 10. Fox and Bowman (1966)

provided a detailed description of this bone in the text of their

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

The humerus of most primitive reptiles is composed of two
widely expanded heads sgt at 90 degrees to one another, and connected
by a short shaft. _Except for the longer shaft, slightly lighter
build, ané the presence of an ectepicondylar foramen, the humerus
of Sphenodon is very similar to that of gaptorhinids. The proximal
and distal heads are expanded in a similar manner, but the long
spiral articular surface of the proximal head of eaptorhinids has
been replaced by a shorter, raised surface that articulates with
an abbreviated glenoid and forms what is essentially a ball and
socket joint.

The distal expansion is composed of a prominant lateral (or anterior)

+
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- Fig. 10 Left humerus of Captorhinus aguti (Cope), KU FEP 60c 549.

A, Posteroventral view.

y , 3 .
B, Anterodorsal view. C, Posterod¥isal view. D, Anteroventral view. E, Proximal view.

F, Distal view. X3,
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ectepicondyle for the origin of the extensor muscuiature 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 beginning of the power stroke, the lower arm would have

been very close to horizontal. 1In this position, considerable
demand would have been placed on the flexor musculature in sustafni;g
the power stroke and preventing the animal from collapsing onto

its elbows. In order'?o prevent this, the entepicondyle, or .flexor
condyle, of captorhinids and most other primitive tetrapaeds extendshi
_far beyond the confines of the elbow joint (Watson 1917). This

-

effectively moves the origin of the flexor musculature as far from (
the joint as possible, increasing tpelr mechanical advantage. The
ectepicondyle, or extensor crest, is not as prominant as the
entepicondyle since the associated muscles are not in;olved in the
power stroke, during which time maximum muscular force 1s required.
It is significant, however, that both, entepicondyle and ectepicondyle
of captorhinids are much better developed than in modern lizards,
reflecting a more critical role of their associated musculature
in the power and recovery strokes of the walking motion.

In captorhinids, posterior rotation of the Humerus is strictly
limited by the scr;w shaped glenoid, most of which is located on
the well developed posterior coraceid. These animals were therefore
obligatory sprawlers. Becausce of the reduction of the posterior

coracoid and conscquent alteration of the-structure of the glenoid

in modern reptiles, 1t is possible for these animals to rotate the



~
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humerus posteriorlyﬁko a new position parallel to the long axis
of theftrunk and draw the anterior limb under the body. In this -
pps&tion, the biéeps and triceps muscles hecame the main flexor and
extensor muscle masses of the lower limb involved in forward progression.

Because of the limited potential for anteroposterior movement
of thé humerus in captorhinids, the main component of force of the
biceps and triceps was directed at right angles to the progresgion
of the animal, possibly causing some lateral movement of the body .
during the power stroke, with a smaller component of force working
parallel to 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 distai condyles
of the humerus were much more important in accomplishing forwgigj i
progression in captorhinids than in living lizards. It is for
this reason that the condyles are so well developed in these forms.

In order for these extensor and flexor muscles originating from
the distal cond;les to be used to their full advantage, there must
be the potential for considerable movement between the humerus and
lower l1imb in a plane at right angles to the long axis of the humerus.
However, as Jenkins (1973) pointed out, the elbow joint of pelycosaurs
(which 1s functionally the same as that qf captorhinids) tends to
resiip\preciseiy this type of movement by providing maximum engagement
of the hones under torque. To understdnd how the extensor and

flexor muscles of the forelimb operates in the walking motion of

captorhinids, the structure and function of the elbow joint must

6> N .
v
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be considered.

The Elbow Joint
[

The' articular surfaces on the distal end of the captorhinid
humerus (fig. 10) ‘are similar to those of pelycosaurs, consisting
of a bulbous capitulum and a humero-ulnar articulation that

.

quite distinct from the mammalian‘trochiea (Jenkins 1973).V/The

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

The long axis of the élipse is-set off at an angle of about 22 degrees

from the long axis of the humerus. The proximal artiqular surface -

of the radius (fig. 11) of captorhinids is concave in shape and

elongated mediolaterally to ma%ch the roundéd surface of th9 capitufhm.
0 .

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

a concave area that includes tbe medial surface of the capitular

protuberance and all of the ventral ;rticular surface medial to

this. A groove passing proximodistally at the base of the, capitular .

bfGtruberance divides this surface and gives it'a concave shape.

T A 1argeiflat surface faces dorsahi;.' The proximalwarticular surface

’ . , /
.of the ulna (fig. 12) is composed of a smaller anteroventral surface

v

articulating with the capitﬁlaf‘protruberance, and a larger, postero-
dorsal surface é%;iculating with the posterior part of the " trochlear "
surface, separated by a prominentapéurved rdrge--passing diagonally -

in a posteroventral direction through the articular surface, describing

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

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

& #
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Fig. 11 Left radius of Captorhinps aguti (Cope), KU FEP 60c.

A, Medtal view. B,- Posterior view. G, Lateral view.

M

v
v

view. [E, Proximal'view. F, Distal. X3. "

D, Anterior
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B, Posterior View.

A

]

C, Lateral view.

E, Proximal view. F, Distal view. X3.

R

D, Anterior view.

2 Left ulna of Captorhinus aguti (Cope), AMNH 2464. A, Medigl
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medial to the capitulum. The close artieculation between the ridge

v . ~

§ N . L.
of the uIn!/and groove of the humerus provides' vensiderable resistance .

r -
4

to theltorsional forces set up during the walking ﬁotion,'as Jenkins
T 2_ L4
noted for pelycosaurs. ,
~ N o

When the ulna was flexed by the biceps or exténded by the
triceps muscles, however, the spiral shape of the ridge on the
proximal articular surface‘of the ulna caused the distal end of
the ulna to describe a small arc lying in a plane at right angles
ta the long axis of the humerus (see fig. 13 IT1IA, B, C), and at:"“""‘?m\~
they same timé causing a slight rotation of the ulna about its long
a&is as this ridge passed through the groove of the humeral articular
surface. When the qlna was flexed to its fullest extent, the entire
posterodorsal articular surface of the ulna was in contact with
the " trochlear " surface, but the anteroventral surface was not
in contact with its corresponding capitular surface. In this position

"the distal end of the ulna was at the mostvposterior poiﬁt of its

arc, {fig. I3 IIIC) making an angle of about 70 degrees with the

plane of the flexor crest.. As the triceps muscles extended the .
ulna and the ridge of the ulna slipped through the grgLve of the

humerus, its'spiral shape fo%ced the distal end of the ulna to

:swing anteriorly, relatiV; to the humerus, causing the- anteroventral

]

" articular surface of the proximal end of the ane to engage the
medial surface of the capitular protuberance. Simultdneously,

there was a slight rotation of the ulna about its long axis, causing

the extensdr surface of the Bone, and, hence the mdnus, to turn

~
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and radius of g .
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illustrating

Fig. 13 A,scapulocoracoid, humerus, ulna,

Captorhinus aguti (Cope) in articulation,
- I Q
the spatial relationships of these elements at different

points in the power stroke. Column 1, Lateral view: A,
s ! f

Beginning of power stroke. B, Middle of; power stroke.
“ LA

v

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

- - 1y

. s -
Beginning of power stroke. B, Middle of power stroke.

e

C, End of power sfroke. Column 3; View of distal end
of humerus: A, Beginning of power stroke (lower arm fu11§

extended). B, Middle of power stroke (lower arm partially

flexed). C, End of power stroke (lower arm fully flexed). \
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- 4
. iaterally. When the ulna was fully extended, theg distal end was
at the most anterior point of its arc, making an angle of about
‘ ' 70 degrees with” the plane .of the ectepicondyle (fig. 13 'IIIA).
Flexion and extension at the elbow of captorhinids, therefore,
did;not only produce side~to-side movements of the distal end of
the 1oyer 1imb, but also considerable ahtergposterior movement,
Ipcting to augment the fore and §ft reach of the manus produced
S, by thé anteroposterior movement and rotation 'of the humerus.
\
The extensors originating from the condyles reinforced this
anterior rotation of the ulna on the humerus, as well as externded
the manus, as the triceps extended the lower arm. The antagonistic

flexor muscles gimilarly assisted the posterior rotation as the

brceps flexed the lower arm during the power stroke.,

The Manus

" Fox and Bowman apparently relied on disarticulated material

for their description of the manus of Captorhinus, as the only

figure was a composite. The pisiform was not shown and, although
- ] y ,
not explicitly stated, the identification of some of the other

. elements appears to have been only tentative. Consequently, a

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

material. Since the publication of the aboave work, several specimens

of a captorhinid from the McCann quarry of Oklahoma cquivalent in !

" age to those of the Clyde Formation of Texas be

A g vaylable.

e

There are several skulls with associated postcranial ma erial
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including one complete manus, OUSM 15024 (fig. 14 A,B). The

R [

description of the ulnare, radiale, and intermedium of Captorhinus

~ given by Fox and Bowman is 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 to the other two proximal elements than is actually

the case. : ,
1
"

The proximal articular surface of the radiale is flat, precluding
all but a minor amount of flexion between this bone and the radius.
The radiale was probably functicenally an extension of the radius.

The distal articular surface af the radiale is more rounded in
outline, especiall; when viewed from the extensor surface. The

convex ‘distal surface fecilitates mediolateral sliding of the distal
surface of the radialé on the proximal surface of Lhe lateral centrale
during the power stroke. This movement must have been considerabl®,
as the articular\surface of the distal end of the radiale extends

e
almost to the medial border of that bone, whereas the medial centrale

does not extend medially enough to cover more than two-thirds of

Ld
[}

the above articular surface, leaving one-third of this freg\when
thellimb is held in the normal position (fig. 15).
The ulnare and iﬁtermedium appear to form a single structqral
unit. The articulation between them is long and étraight. The articular.
sutrfaces are flat, and their planes are oriented in such a way that

» .
the two bones articulate to form a dorsally directed wedge rather

than a flat plate. '
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A
Q A, Right manus from McCagn

Fig. 14 Single tooth rowed captorhﬁn%j.

% e .
Quarry OUSM 15024, Ventral view. B, Same specimen as in A, Dorsal

view. C, Left manus from FMNH UC 642, dorsal view.

Both specimens

.

For abbreviatijons, see " Explanation of Abbreviationg
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Fig. 15 Reconstruction of the manus of a captorhinid, based primarily

g . s
on OUSM 15G24. Dorsal X%ew. X2. ;
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“The articular surfaces between the ulnare-intermedium and

ulna proximally, and centrale and distal carpals distally, are
quite flat, and there was probably only a relatively small amount
of movement pg§sib1e at these joilnts.

The presence of a pisiform in captorhinids is shown by OUSM
15024 (fig..14A) and UC 642 (fig. 14C). By referring to the shape
of the bone in these specimens, it was possible to identify several
of these elements in the material from the Fort Sill locality

(fig. 16D). It is generally rectangular in outline, with a concave
~

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

b

poggerior dimension is twice as greq%}as the dorsoventral dimension.
The“bone has two adjoining articular surfaces medially, a dorsal
one for the ulna, and a ventral omne for the ulnare. In articulation,
the pisiform pﬁojected posteriorly and slightly laterally.

The lateral centrale occupies the center of the carpus (fig. 15)

ot

and articulates with every bone in the carpus except the first
and second metacarpals. The fourth distal carpal is pentagongi in
shape and is the largest of the distals. The third distal carpal
is the second largest. It passesses a peculiar wedge-shaped process
distally, Wwhich projects ventral to the third metacarpal (fig. 14A,B).
The posijtion of this process suggests tﬁat it may have functioned
to prevent excessive flexion of the third digit. A similar process of the

third distal carpal is also present in the early diapsid

Petrolacosaurus (Reisz, personal communication). The remaining
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Fig. 16 Carpal elements of Captorhinus aguti (Cope). A, Ulnare,

KU FEP 60c, dorsa% and ventral views. B, Intermedium, KU FEP 60c,

* dorsal and ventral views. C, Radiale, AMNH 2465, dorsal and ventral

views. D, Pisiform, AMNH 2466, latéral and medial views. All
0 . % !
specimens X3.
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distal carpals are of approximatelysequal size and of similar configur-

ation. . .

fhe carpus of captorhinids is an interlocking mosaic of bones.
The articulating surfaces of the bones are essentigaly flat allowing
only limited movement, between each carpal and its neighbour. In
addition, these bones are arranged in such a way as to prevent the

formation of any distinct transverse joint,between‘the carpus and

- -

lower arm, or withgn the carpus itself. Some movement was possible

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

between the radius and radiale is more distally located in the carpus,
-
the potential joint between the ulna and ulnare-intermedium, was

¢

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

and the more distal

*

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

between the radiale, intermedium and ulnare,

The functional wrist joint in captorhinids was probabiy between the
distal carpals and metacarpals, with only limited movement possible
between the distal carpals and more proximal elements of the carpus.
Although the distal carpal-metacarpal joint appears to have been

the major wrist joint in captorhinids, the flat articular surfaces

B

of these elements in comparison with the very rounded articular

surfaces found in the carpus of lizards emphasizes the relative

inflexibility of these joints. Although each individual joint in

the carpus of captorhinids 18 not capable of much independent movement,

the carpus as a whole was probably quite flexiblc; not only in terms
v

\

of flexion and extension, but the capabilitices for moderate movement

-
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between each carpal probabl

the manus as well.

IThe digits of captorﬁi
and phalanges are heavily b
of the digits, in clo;é ass
phalahées, is a series of i
ousM 15024 (fig. 14A), a fe

adhering to the ventral sur

of digits 11, III, and IV.

y allowed some twisting and arching of

o

e

nids are quite short and the metacarpals
uilt (fig. 15). On the ventral surface
ociation with the joints between the
rregularly shaped ossifications. In
w.of thesexgssifications can be seen
face of the metacarpals and phalanges

Some appear to be missing, but in the

living animal, there was probably one such ossification for each

-

D

joint. Similar accessory bones have been reported in some living

1i£5rds (Romer 1956). They are sesamoid bones, developed in the

tendons of the palmaris communis superficialis muscle. Their purpose

3

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

joint, and thereby increasing the mechanical cfficiency or flexing

power of the palmaris communis superficialis.

v~
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. - A IiECONSTRUCTION OF THE MUSCULATURE )

OF THE PECTORAL LIMB BASED ON RECT EVIDENCE —

AND COMPARATIVE STUDIES ON LIVING REPTILES ¢

The musculature as;0ciated with the anterior limb of tetrapods
can be classified broadly into three categories according to their
embryological origin. The sternocleidomastoideus, or trapezius
‘of lower tetrapods is distinct from all other shoulder muscles in
being derived from the visceral arch musculature. Tﬁe trapezius
¢
muscle of higher tetrapods, costocoracoideus, sternocoracoideus,
serratus, and levator scapulae museles differentiate from the axial
§ muscle mass (Romery1944). The omohyoideus and episternchyoideus
also appear to be part of this group (Miner 1925). The t;ée limb ~
- ; musculature is derived by differentiation from the limb bud of the
embryo.
Romer (1922, 1944) attempted to classify the last assemblage
' of!muscles into a dorsal grodp and-a €Zntra1 group, derived from
} the levator and depressor muscle ;asses, respectively, of fish.
1 The dorsal group includes the latissimus dorsi, sub;oqacoscapularis,
scapular and clavicular deltoid, scapulohumeralis, triceps, and
b ) more distal extensor muscles. The ventral group includes the pectoralis,
supracoracoideus, coracobrachialis brevis and longus, biceps,
brachialis and more distal flexors.

1

Although a standari nomenclature of the pectoral limb muscles
¢ " .

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




LY

42

o

muscle normally has one name that is accepted by the majority of
authoré. I have used these names in this wprk. In cases where

more than one name 1s 1n common usage, the most convenient term

has been used, followed by alternate names in parentheses.

Trapezius and Sternocleidomastoideus S .
The trapezius of living anamiotes, derived from the branchial

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

s

Some lizards (Gecko and Lacerta among others§ - see Furbringer 1900)

exhibit what 1s probably the primitive amniote condition, in which

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

from two distinct sources. The anteriror portion of the muscle,

comparable to the sternocleidomastoideus of other amniotes and

~

originating from the hack of the skull, possesses visceral innervation
comparable to the trapezius of living anamniotes. The innervation.

of the posterior portion of the muscle, the trapezius proper, is

by somatic branches arising segmentally from the spinal column.

. This was interprcted by Miner (1925) as indicéting that it

was the sternoclcidomastoideus and not the trapezius proper of amniotes

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

of amniotes was developed as a posterior extension of the anamniote
: ™
o L

trapezius by inclusion of myotomal fibres concurrent with the

development of a neck region 1n more completely terrestrial forms.

-
-

It 1s now generally accepted that the most primitive reptiles,

the romeriids, and the gephyrostegid anthracosaurs which gave rise
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to them were essentially terrestrial (Carroll 1964, 1970) rather

than semi-aquatic as originally postulated by Romer (1946). Although

the necks of these tetrapods were not long (approximately S5 cervical

vertebrae in most cases) the head and shoulder girdle were well
i

P

separated and moved quite independently of each other. A trapezius
muscle runhing from the back of the skull could not have supported
the girdle astwell as it could have in forms in which the girdile
was immediately behind and below the skull. Recruitment of myotomal
ml;sculature to form an amniote trapezius behind the anamniote trapezius
probably occurred in the gephyrostegid line leading to reptiles -
in order to maintain at least part of the origin of the muscle above
its insertion.

The trapezius and sternocleidomastoideus-muscles probably

-t

formed a continuous, unbroken sheet of muscle inm primitive reptiles,

taking their origin from the back of the skull and dorsal fascia

of the thoracic region. This:condition can be observed in Lacerta
and other living lizards &gurbringer 1900) and is approximated in

Sphenodon, where the two muscles are very incompletely separated

2]

(Miner 1925). This was almost certainly the condition of these

muscles in captorhinids. .

As is the case with other fossil reptiles, specific osteoiogical
!

evidence for the origin_fmd insertion of the trapezius-sternocleido-
?
masteideus muscle mass is lacking. The sternocleidomastoideus

portion presumably had a fleshy origin on the postparietals a‘nd’

on the unsculptured portion of thessquamosals %mt curves medially
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o «

.

onto akzoccipital surface. The somatic trapezius surely originated .
from the dorsal fascia of the back, as is the case with the vast

_ majority of vertebrates. - -

s N
The sternocleidomastoideus ©f lizards inserts on the lateral

- poa—

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

clgvicular stem (Miner 1925). Dorselly, the insertion of the trapezius

Ve

of lizards wedges between the origin of the scapular deltoid and the

insertion of the levator scapulae, and continues ventrally along

the stem of/the clavicle. The trapezius of Sphenodon is limited -

to a small insertion on the acromion " of the scapula. The .

trapezius-sternoclerdomastoideus muscle sheet of captorhinids probably

P

>
had a long curved insertion running ventrally from the anferior N

< ~

part of the scapular blade and possibly from the suprascapula between -

' the areas 'of attachment of the scapular deltoid and levetor scapulae,

[8 - €

onto the posterior part of the cleithrum and well down onto the

lateral surface of the clavicular stem (fig. 17A, ‘18B).

[

Levator Scapulae
o R

In Sphenodon and lizards this_muséle is divided into two slips;
"J‘
’ ;he levator scapulae superior (superficialis), and the levator
| - .

>

#capulae inferior (profundus). The two slips originate together
3

!
kfom the first few cervical ribs or transverse processes of the
”~

|

korrespondlng cervical. vertebrae. They separate almost rmmediately
: ; . .

I ~
. and the superior slip 1inserts on the anterior part of the lateral

sur face of “th€ suprascapula. The inferior slip inserts on the .

» -

Xy
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Fig. 18 Shoulder musculature of &
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sc delt

tric 1at (long head)-

aptorhinid, lateral view.
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A,

Deep. B, Superficial. For abbreviations, sec " Explanation of

_Abbreviations ".
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anterior border of the bony scapula and dorsal part.of the clavi-

—

—_
cular stem. —~

- .

- Miner (1925) supposed that the splitting ¢f the muscle into
two was related to the development of a large Fartilagous supra-
scapula in Sphenodon,and lizards. It may be shgnificant'that in

crocodiles, in which the suprascapula is very|small, the levator

scapula is a single muscle. (The " levator s!apulae profundus "
]
portion of the collothoraciscapularis profum@us muscle of Furbringer

B

(1876) appears tp be part of the serratus musculature). " e,

The captorhinids Probably‘possessed a suprascapula of substantial

A

size. It would be expected therefore, that the levator scapulae
existed Mr two parts as it does in both lizards and Sphenodon.

The superior slip would have inserted on ‘the anterior portion of

~ - o

the extern?l surface of the suprascapula (fig. 177, 18B). The
inferior slip must have inserted onto the top of the clavicular
stem, and anterior edge of the cleithrum, or. on the enterior edge-

of the bony scapula 1f the cleithrum was absent (fig. 17A,"18B).

P

Serratus Superficialis

The serratus superficialis muscle of Iguana and §phenodon

'

is remarkably similar in rega%ds to origin and insertion. In both

tases the muscle ariscs as two slips from the last cervical and

«

£l

first thoracic ribs. These slips unite and insert on the posterior
and medial surfaces of the SUQPascapula. ‘Unlike Iguana, the serratus

superficialis also gains Iimitcd%attachment to the posterodorsal

~

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

3

with long head of triceps ' cut " and deflected. B, Lateral view.

... C, Medial view. For abbteviations, sce ' Explanation of Abbreviations T.

{long head) .
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. 'corger of the bony. scapulayin Sphenodon (Miner 1925).

PR

. In the alligator, thecgerratus superficialis originates from

v
; " the first through fourth thoracic ribs (Chiasson 1962). The expansion

14

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

[N

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

condition. The suprascapula is very small, and consequently the

. -

serratus superficialis attaches to the posterior border of the

bony' scapula. o

'
i

It is probable that the serratus superficialis of captorhinids

resembled Iguana and Sphenodop in its general relations to the skeletal
Lall

r elements (fig. 19C). Since these animgls are all about the same
size (ie. similar weight imposed upon the serratus superficialis),
it is likely that the muscle in small captorhinids took its origin

,
from the last cervical and first thoracic rib only, as in Iguana

t— and Sphenodon. The insertion waé a fleshy one on the posterior;
> ) edge and posterior part of the medial surface of the suprascapula
(fﬁg. 17B). It is quite possible that the insertion spread ventrally
" onto the dorsai part of the medial surface of the bony scapula
hh"‘vu as it does 1in Sphenodon, but there is no indication of this on the
- .
- ET bone surface. ) 5

v
)\h’ C t
vy,
Y
b
.

Serratus Profundus (Serratus Anterior) \

As is the case with the previous muscle, the serratus profundus

- of Sphenodon ‘and Igudna are very similar. Both animals possess

a deep and superficial layer. 1In Iguaba, the superficial layer t-

¥ .




consists of three slips originating from the first three cervical ,'7

ribs. In Sghenodoﬁ, the deep layer originates as five ?lips, one

MR

from each of the five cervical vertebrde (Miner 1925 :1 In both - ' .
animals, these individual slips unite and pass d?r ally and slightly
anteriorly, inserting along the dorsal part of the inner surface

of the suprascapula. 'The superficial layer in Iguana’is~g single
muséle originating on the third cervical rib. The corresponding
muscle sheet in Séhenodon consists of two slips (Miner 1925). 1In
both cases, these slips pass diagonally anterodorsally between the
deep slips of the same muscle and the scapula to insert oq the \ ;;
medial surface of 'the suprascapula anterior to the insertiq&\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

last few cervicals and first thoracic ribs, angd because of the reduced

nature of th; suprascapula in these forms, inserts on the medial
surface of the bony scapula (Chiasson 1962). Although this muscle

is somewhat different from its condition shown by I%Eana and Sphenodon,
the resemblances are surprising for an animal that is so distantly
related to the above forms. Apparently there has been very little

v 3

deviation from a common pattern in the divergent living reptiles.
v
The serratus profundus muscle of captorhinids can be reasonably

conceived as okiginating from most if not all of the cervical ribs,

and inserting of the dorsal margin of the medial surface of the

suprascapula (fig. 17B, 19C).
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Omohyoideus and Epigkernohyoideus

’

The omohyoideus of Sphenodoﬁ originateés from the anterior and

i

medial surfaces of the scapula, and from the ligamentum sternoscapulare

internum (Miner 1925), which is equivalent to the supporting ridge

of the posterior cofacoiq of captorhinids (Romer 1922). The
omohyoideus of Iguana origﬁhates as in Sphenodon, from the anterior
edge of the scapyla, and also from the clavicular stem in front

6f the insertion of the trapezius. In both animals, the episterno-
hyoitdeus originates from the anterior edge of the ventral part of

the clavicles and interélav1c1e. Both muscles insért on the hyoid
- On ‘ .

e

apparatus. )

Since the clavicles are absent in.the alligator, the origin

~

l A* )
of the omohyoideus -1s necessarily from the dorsal part of the coracoid.

The episternoho1deﬁs originates below the origin of the omohyoideus
. . e

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

v

animals, these muscles insert on the hyoid apparatus.

?here 1s no osteological evidence for the presence of either
an omohyoideus or episternohoideus in small captorhinids. It seems
most reasonable, however, to assume that the two muscles took

) -
essentially the same form as those in Iguana and Sphenodon, oTiginating

-

from the entire length of the anterior margins of the clavicle and
from the interclavicle (fig. 17A, B, 18A). Attachment to the adjacent

scapular and coracoid surfaces on the medial side was also possible.

-
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Sternocoracoideus and Costosternocoracoideus (Costoscapularis)

All living rgptiles possess a set of ventral shoulder girdle
muscles running from the sternum and ribs, and inserting on the
" [
coracoid (Romer 1922), derived from the rectus abdominis musculature

of lower vertebrates (Miner 1925).
The sternocoracoideus and costosternocoracoideus muscles are

essentially the same in Sphenodon and lguana. The sternocoracoideus

3

a

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

surface of the posterior part of the sternum and imserts 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 insertion of the profundus
slip. There are no equivalent muscles in crocodiles (Furbringer 1876),

or in turtles (Walker 1973).

-

.
The costosternocoracoideus originated from the sternocostale

of the first thoracic rib, and inserts on the ligamemtum 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 internal surface of the coracoid (Furbringer 1876). This

! \

muscle does not exist in turtles (Walker 1973).
, .
Since the sternum and sternocostale did not ossify in primitive

reptiles, ovidenq% for the origins of the sternocoracoideus and

o 1
[}
costosternocoracbdideus muscles is lacking The depression on the

N

medial surface of the coracaoid, plate bencath Lho)aorizontal supporting

ridge of the scapulacoracoid (f1g. 8B) is the probable insertion

T

S
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of the sternocoracoideus muscle mass (Romer 1922) (fig. 19C);f The
- i
po§teroventrally directed supporting ridge of the posterior coracosgl

exhibits a roughened, grooved surface ( fig. 8B), indicating the

insertion of the costosternocoracoideus muscle along its length

(fig. 190).
Pectoralis

The pectoralis muscle in living reptiles is massive and its
origin extegds'anterOposteriorly 6ver most of the ventral surface

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

Sphenodon and Iguana, the muscle has a long origin from the clavicle,

interclavicle, sternum, and sternocostale. The clavicles are absent

‘

in the crocodile, and the pectoralis muscle origi;ates on the
extensive sternum, and sternocostale (Furbringer 1876). The muscle
originates from the dorsal surface of the anterior part of the
plastron in turtles (Walker 1973).

The insertion 1n all living reptiles is on the deltopectoral
A Y

crest of the humerus.
An examination of the girdle and humerus of captorhinids reveals

that the pectoralis muscles was probably similar to that of living
forms. However, sculpturing on the ventral surfaces of the clavicles

¢
L

and anterior portion of the interclavicles precludes the possibility
thét the muscle originated from these surfaces, since this sculpturing
indicates a very close proximity of the bone &to the dermis. IE is
probable that the origin of the pectoralis muscle from the derméi

y

girdle was confined to the posterior edge of the clavicles, and

4
+
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the edge of the interclavicular head and stem. The heavy construction
/ .
of the head and shoulder girdle probably necessitated an extensive

area of attachment on the ventral surface of the sternum and ventral
ribs, and possibly en the surface of the rectus abdominis 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 the;pectoralis

o -

muscle (fig. 18A, 21A, DJ. ’ .

Coracobrachialis, Biceps Brachii (Coracoantibrachialis), and Brachialis

That these muscles share a common evolutionary origin is evidenced
. by a very close proximity to one another (theﬁr attachments to the
|
- coracoid of Sphenodon are difficult to separgte) and by similar .
innervation. On the basis of the innervation, Miner (1925) has
regarded them as a deeper iﬁyer of the pectoralis system.

The coracobrachialis musile of Sghenédon and lizards can be
divided 1nto a longus and brevis head.. In lizards, the fleshy
origin of the brevis muscle occupies most of the lateral surface
of the coracoid posterior to the origin of the supracoracoideus.

The origin of the»longus muscle is limited to a small area on the
posterolateral cﬁrner of the, coracoid, posterior to the.origin )
of the brevis muscle. Sone fibres reach around the posterior edge
of the coracoid and attach to the medial surface of that bone.

/

Essentially the same condition exists in Sphenodomn, except that the
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captorhinid, ventral view. For abbreviations, see " Explanation

of Abbreviations ".
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- origin of the longus muscle is limited to the lateral surface of

the coracoid (Miner }925).\ The longué muscle is absent im crocodiles
Iy , - '

(Furbringer '1876).

.

The insertions of these muscles are adjacent te one another,

[
a

3

- but distinct 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 inserts on the flexor surface,-

but more distally than the brevis head. ) \

&,

The external surface of the posterior coracoid of‘CaEtorhinhs

v
53

shows no evidence of more than one coracobrachialis muscle having

originated from the bone. In 1fzards and Sphenodon, thg origins

)
“ © -

of the two muscles are hardly sep;rable. It is probable that the

L ]
coracobrachialis btrevis and longus msucles originated as a single
N -~

i -

“muscle from the posterior coracoid in captorhinids (fig. 17A).

. *
The insertion of the breyis muscle in captorhinids undoubtedly

occupied the concave, proximal flexor surface of thg humerus, and

’ probab%y eﬁ;énded onto the adjacent surface of the shaft (fig. 21A,

D). A prominent rlhge on the edge of the entepicondyle at the levVel

3 v . -
v of the foramen indicdtes the insertion 6f the ceracobrachidlis :
- F;

— e

longus ( fig. 21D). -

' . The biceps brachii of Sphenodon takes a fleshy origin fromn

the coracoid’ posterior to the origin of the supracoracoideus and
A k] <

medial to the origin of the coracobrachialis brevis (Miner 1925).

v

It runs into a tendon which passes over the joint capsule. This
» > ! - f
tendon is continuous in turn with a more distal belly of the same
T ‘ ‘,. « w
1

T
-

hae
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muscle which merges with the brachialis inferior before inserting

il A

by two tendons on the radius and ulna.

°

o v *

The proximal belly of the biceps in Iguéna is reduced) and,

the tendon has expanded medially to take over the posterior part

of the origin of the biceps along the medial border of the coracoid.

The proximal belly is represented by a small triangular muscle sheet
5

running from the tendon to th% coracoid dnterior’to the tendinous

origin. The development of a largely tendinous origin in Iguana

appears to be secondary, and can possibly be correlated to the

extreme reduction of the:coracoid as compared to the primitive
— 4

S et .

reptilian cotdition. In Sphenodon, the reduction of corgcoid'surface

¢

available for muscle attachment is not as severe, and there is room

for a fleshy origin. However, in the crocodile, where space on the

‘coracoid does not scem to be limited, the proximal belly is entirely

2

ltendinous (Furbringer 18706).

The brachialis inferior of living reptiles generally originates

o

from the lateral and ventrolateral surface of the proximal part of

In Sphenodon and lizards, it fuses distally to the

v

the humerus.

ﬂ t -
biceps, and tRe resulting muscle inserts by a double tendon to tlie

.

radius and ulna. The crocodile shows a similar condition (Furbringer -
1876). Although some specialized turtleg have a double biceps

(Walker 1973), the primitgve pattern for turtles is probably the

same as for o6ther reptilian proups. : .

There 18 no specific evidence for the origin of the biceps

muscle in <aptorhinids. Since the posterior coracoid was large

. "
1

‘
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enough to have provided pleniy of space for a fleshy attachment,
a tendinous attachment (which would have likely left a scar) as

occurs in Iguana would have been unnecessary. The'muscle surely

originated in common with the coracobraghialis mass from the ventral
surface of the posterior coracoid in captorhinids (fig. 17A).
‘ .

- The limits ogthe origin of the brachialis inferior in captorhinids

-

is also difficult to define precisely on the basts of fossil remains,
Pl b

but it is reasonable to assume that it originated from much of the

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

-~

living reptiles (fig. 17A).
The distalaynion of the biceps and brachialis inferior seems
LY
to be a primitive characteristic of reptiles, and probably occurred '

in captorhinids. Raised scars on the proximal ends of the medial g

4 ¢

surfaces’of both the radius and ulna indicate (fig. 11B,D,12A,B,

i
D,ZZA,BJ the tendinous insértions of this flexor muscle mass. .

| .

/

¢ »

~Supracoracoideus

[

The innervation of the supracoracaideus {from the supracoracoid

nerve) klearly sets this muscle apart from the muscles of the pectoralis

T T ——— e -

system.] In Sphenodon, this muscle originates on the anteridr portion
of the jouter surface of the coracoid, in frout of the origins of

the covacobrachialis and biceps muscles. Much the same condition .

1s founld in dizards. 'The crocodile has a similar arrangement, except
that wifth the disappearance of Lthe scapuloﬂuhcralis anterior, the

supracofacold muscle has spread dorsally and gained an attachment to

~3
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.the lateral surface of the scapula in Sphenodon and lizards. It

"
. N -

the sfapular surface as‘well (Romer 1922). There is no doubt that

v

.the supracoracoideus of captorhinids originated from most, if not all,

0

of the external surface of the anterior coracoid.

The 1nsertion of the supracoracoideus muscle in living reptiles

- I

is invariably located on the long, curving surface of the deltopectoral
crest between the insertion§ of the pectoraliis and deltoid muscles
and the pyoxfmal articulating surface of the humerus. Rough bone
sur face of this area og ghe humerus of captorhinids—indigates a
stmilar insertion for¥the mugcle in these forms (fig. 18A, 21A,D).
.
| X .

Clavicular and Scapular Deltoids (Deltoides Clavicularis and Scapularis)

r

The clavicular deltoid originates from the clavicle in all
reptiles in which this element remains {(Miner 1925). The scapular

deltoid originates from the suprascapula and anterodorsal part of

has been suggested by Miner (1925) and Romer (1244) that these two

deltoid muscles primitively formed a continuous sheet taking its

-

origin from the clavicle and cleithrum. As the cleithrum became

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

separated from the clavicular portion and épread its origin over

o ' .

the scapular surface adjacent to the disappearing cleithrum, becoming

.

the scapular deltoid. ,

r - LY

As has alréady been pointed out, no cleithrum has been found
in association with captorhinid remains. Althdqugh it is‘quite possible

that one existed in captorhinids, 1t certainlyfwas not a large,

oy




i .

l

primitive, ' capping " cleithrum such as the one present in Diadectes,
ki -
and probably «could not have provided a satisfactory anchor for the

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

N

hinids were 1in the form of two distinct muscles.- The scapular deltoid

3

of captorhinids may have taken part of its origin from a cleithrum,

' Ay

but the major attachment was undoubtedly on the anterior part of .
- »

the scapula and suprascapula. A very shallow depression on the

dorsal part of the scapula of captorhinids indicates the area of

origin of this muscle (fig. 17A).

The clavicle of captorhinids possesses a posteriorly.directed

. © - 4
flange on the ventral half of-the stem which served as a site for
RN T WO ~

the origin of the clavicular deltoid muscle (flg.‘l7A).

A consplcuous rugose ridgé runs along the\upper, proximal part
of the deltopectoral ridge from the insertion of the pectoralis
to the proximal articulatory surface of the humerus of captorhinids
(fig. 21B,D). The position of this ridge corresponds to the area
of insertion of the deltoid muscles in living reptliqs. It is not
possible to 1dent:1fy two separate insertional areas<on the ridge,
but it 1s probable that the clavicular and scapular deltoids inserted,

perhaps.by a partially tendinous attachment, next to each other on

this ridge. .

Scapulohumeralis R

Romer (1922, 1944) considered that the scapulohumeralis posterior

> L X
could not have been derived from the scapulohumeralis anterior

s .




A

v

because the two muscles are separated by the tendinous origin of the
triceps scapularis mpscle in living reptiles that "possess both
scapulohumeralis muscles. He postulated that the scapulohumeralis
posterior had been derived fFom the subcoracoscapularis muscle.

However, as Miner (1925) pointed out, the innervation of the scapulo-
!

humeralis posterior 1s closely associated with that of the scapulo-

-

& oy
humeralis anterior, but quite distinct from that of the subcoraco-
scapularis. He also cited Furbringer (1900), who demonstrated the

' }
extreme variability of the origin of the scapular triceps among

different lizard genera. Miner argued that similarities in innervation
t

are more’valid for the establishment of muscle homologies than
the physical relationships between the muscles themselves, especially
when these/?glationshlps are as variable as those between the
scapulohumeralis muscles and scapular triceps. 1 believe that Miner
was probably cogrect in emphasizing the similar 1nneryation of the
scapulohumeralis anterior and posterior in, establishing a close
.relationship betwe;n the two muscles, and rejecting the h;pothesis
that the scapulochumeralis posterior was derived from the subcoraco-
scapularis.

Only Sphenodon amongst living reptiles possess both a scapulo-
'humcrélis anterior and posterior. The crocodiles possess only the

posterior muscle (Romer 1944 homologized the deeper fibres of the
- \

3

B \
clavicular deltoid originating f{rom tthlatefal surface of the

scapula with the scapulohumeralis anterior of other tetrapods),

and 1n lizards, only the anterior muscle 1& present. This suggested
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A

to Miner (1925) that the primitive scapulohu&erélis mass was a’single

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 with the clavicular deltoid) of the anterior
muscle to the crocodilian condition.

There is no osteological evidence for the existance of a separate
scapulohumeralis anterior and' posterior in captorhinids. It is
probable thaé the separation of the scapulohumeralis into an anterior
and posterior slip took place in the progressive, presumably agile,
diapsid reptiles to improve the efficiency of their locomotor apparatus.
Evolution in various directions has yielded the results seen in'
living forms. Captorhinids were not closely related to this progressive

o

diapsid group, and although specialized in some features of the

skull, constituted a conservativ; lineage. 1f 1t is correct to

assu%e that a single scapulohumeralis muscle 1s primitive in reptiles,
1t is probable that captorhlnlqs showéd this characteristic.

On the ventral part of the lateral surface of the scapula of
captorhinids 1s a shallow depression, separated by low ridges from .
the areas of origin of the scapular deltoid muscle dorsally and
sup;;coracoidcus muscle ventrally (fig. 16A). This 1s, no doubt,
the location of the origin of the scapulohumeralis muscle. The
insertion of this muscle was a fleshy one on the top of the proximal

'hcad of the humerus between the insgrtion of the deltoid and

subcoracoscapularis muscles, and proximal to the lateral head of

the triceps. An irregular ridge mavks this area (fig. 21B).

v

- \




‘ . Latissimus Dorsi

Tﬁe latissimus dorsi has essentially the same configuration
in all living reptiles. It originates as a wide sheet from the
fascia of the back? and narrows to insert on the lateral surface
of the medial (posterior) process of the proximal head of the humerus,
distal to the insertion 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
anteroposterior direction on the medial surface of the proximal head

of the humerus (fig. 21B, C).

Subcoracoscapularis

This muscle 1n reptiles characteristically originates from

* .

the posterior and medial surfaces of the girdle and passes posteriorly

behind the base of the scapula to insert on the edge of the medial
- 4

(posterior) process of the proximal head of the ﬁumerus. In lizards,

as exemplified by Lacerta (Romer 1944) and in Sphenodon, the

/
\

subcoracoscapularis can be separated into two slips. The subcoraco-
seapuléris proper originates along most of the posterior border

of the bony scapula, and from much of the upper medial surface of

that hone as well. A more ventral slip, often called the subcoracoideus,

originates from most of the medial surface of the coracoid. Romer
b,

e

(1922) tdentified the triangular aréj&bn the posterior edge of the
. ¢

N scapula 1mmediately above the glenoid as the arca of origin of the

v




<
subcoracoscapularis muscle in primitive reptiles. He, however,

’

doubted the existence of a subcoracoid muscle in these forms.
Because of theﬂridge above the glenoid and the presence of the

posterior coracoid in primitive forms, Romer argued, any muscle
‘ K . , R
running from the internal ﬁurface of the coracoid to the humerus
‘N

would have had to turn an angle of about 270 degrges (fig. 23A), -
However, an examination of his figure 2 (compare with fig. 23A in

this paper) suggests that the illustration of the girdle of Dimetrodon
was drawn without sufficient compensation for the\gost—mortem flattening

‘of the scapulocoracoid. Consequently, the scapulocoraéoid figured .

s
S

was unnaturally flattened, and the coracoid plate was reconstrgcted
as facing laterally rather than primarily ventrally as would have

been the case in an undistorted girdle. 1If this is taken into

/ 3
~r

account, and the humerus is placed at its proper angle in the glenoid,

the largest arc that the fibres of the muscle would have had to
\ 4

describe, from origin to insertion, would have been a semi-circle,

A

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.

3
In reality, muscles tend to ég;ach to bone surface so that the major

”

force component is directed tangientially to the Bone

I“

surface (Frazzetta 1968). This means that the angle of Attachment

“was probably much less than 90 degrees for both origin and insertion,

t

[ A
considerably reducing the size of the arc through which the muscle

+

i . 9
fibres must have passed. Furthermore, the inserttonal area on the

’humerus is much higher“relative to the ridge behind the glenoid,
§ 0 i \\‘

i \
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Fig. 23 An illustration of the argument for the possible existence
of a subéoracoid musclie. A, Reproduction of figure used by Romer
(1922) to establi;& the iqfrobability of the existence of a sub-
coracoid muscle™n the pelycpsaur Dimetrodon. B, Drawing of®

captorhinid shoulder region corresponding to " A ". For abbreviations,

i

see " Explanation of Abbreviations '".
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and although the insertion " cannot look down into the caviti”YEOm

f
7

which (the muscle) arises " (Romer 1922), the existance of a sub-

coracoid portion of the subcoracoscapularis muscle is conceivable.

‘

The sybcoracoscapularis of captérhinids originated from the

triangular area on the scapula above the glenoid, as it does in other

y

primltive—-tetrapods. It also attached to the medial surface of the
posterior part of the scapular blade, following the supporting brace

of that bone dorsally (fig. 17B). There was probably also a sub-

- -
coracoid slip of the above muscle that gained Some contact on the

7

medial surface of .the coracoid\as well (fig. 17B). The insertion
LN

of this muscle is indicated by a raised area of bone on the proximal
part of the process medialis of the humerus of captorhinids (fig. 21B,

C).

Triceps (Anconaeus)

A

The triceps muscles of lower tetrapods can be divided into a

medi1al and a lateral muscle mass. Each can be further subdivided

o

into a long muscle originating, often By a tendon, from the shoulder
girdle, and a short muscle origfnating fleshily from the shaft of
the humerus. The long muscle of the mecdial mass originates from

the pbstengob\porﬁcoid (in lizards and Sphenodon {rom the tendon
\
WhiChnfUﬂCthﬂa}éf replaces the 1atL:}Q, and the short mass originates
}
from the dorsomedial surface of the humerus. The long muscle of the

lateral mass originates from the basc of the scapula between the

subcoracoscapularis and scapulohumeralis anterior muscles, gnd the

A




short muscle originates from the dorgolateral surface off the humerus. .

The long and short heads of each muscle mass fuse together, and the

1

resulting muscles converge on the olecranon process of the ulna.
This pattern is quite consistant for all living reptiles except the

turtle, where the coracoid head has been lost (Romer 1922). The

cohflguration'of the triceps muscles in captorhinids was probably

essentially the same as in Sphenodon or lizards. The origin of the

o

long head of the medial (coracoid) muscle mass can be seen as a p

slight swelling on the posterodorsal corner of the posterior coracoid
5 -
(fig. 17A). A depression on the edge of the processus thedialis

of the humerus distal to the insertion of the subcoracoscapularis
. ’ A
and ventral to the insertion of the Mtissimus gives evidence for

the proximal extent of the short head of the medial mass (fig. 21C).

The long head of the lateral (scapular) mass must have originated

from the vertical ridge of the supraglenoid buttress Lmqifiately

x

anterior to the origin of the subcoracoscapularis musclé (fig. -17A),
! .

but_ there are no scars to identify the exact lbcation of the attachment. /

P +
Thc\;:;2\£§!ﬁrué for the humeral head of the lateral mass,' but it

presumably took its origin from most of the dorsolateral surface

E - + d ’
of the humerus distal to the insertion of the deltoid, scapulohumeralis,
and subcoracoscapularis muscles and dorsal to the insertion of the

brachialis inferior (fig. 21B,C). A faint ridge, visible on some L

[

humery, running {rom the processus medialis to the ectepicondyle

(fig. 10B) indicates the bonndry between the short heads of the
® ~

medial and lateral muscles. Prominent ridges and grooves covering




the olec¥anon process of~the u }fig. 12) suggest that these

muscles converged-on a ten s sheet that inserted widely over

the surface '{)f this process (fig. 22).

The Musculature of the Forearm

An excellent description of the forearm musculature of Sphenodon

and Megalobatrachus was given by Miner (1925). Despite the wide

phylogenetic gap between th%se two animals, this musculature is
quite similar. Furthermore, dissection of Iguana and turtles reveal
that these an%méls also share this basic pattern of forearm husculature,
especially the lizard. This stggests that the evolgtion of the .
forearm musculature Tas been quite conservative in these tetrapods,
and that the arrangqﬁent of these muscles reflects a primitive

{ .
condition similar t$ that which would be expected in captorhinids.

i

Q_The formation pf the extensor musculature of tetrapods was

no doubt a result of differentiation of a primitive extensor mass

present in ancestral rhipidistian crossopterygians. That "these

muscles share a common evolutionary origin is demonstrated by the

close préximity of t eir muscular origins (they form an essentially .
continous origin from ths ectepicondyle) and their chmon innervation
by the brachigllis longus superior nerve (see Miner 1925).

The supinator lopgus (tractor radii) of reptiles originates

LY

from the proximal part of the ectepicondyle, and inserts on the
medial surface of the |{radius. Pelycosaurs developed.a supinator

process on the ectepicpndyle, presumably to increase the mechanical
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r

v

advaittage of the supinator 1onghs muscle. Although there is no

true supinator process in captorhinids, there is a small knob on
the proximal portion®of the ectepicondyle that indicates the point”

I
of origin of the suplnator longus (fig. -21D). The ectepicondyle

does not weveal specific evidence of any other muscular origins,

‘

but judging from the pattern shown in living reptiles, it seems

5
.

. [y
reasonable to reconstruct these origins as shown in fig. 21B,D. *

A ridge running distally from the area of the insertion of the

biceps muscle on the radial side of the radius in captorhinids

H

indicateslthq insertion -of the supinator longus (fig. 22A).

The extensor carpi radialis muscle mass primitively appears
€ RY *e

“to have been composed of thrge muscles. Turtles ahg Sphenodon

a

show this condition, both pessessing an extensor carpi radialis

superficialis, 'profundus, QQ@ intermedius head originating adjacent
. /
to one another on the'@cteplcondyle (Haines 1939). 1In lizards,
. \ d

¥

\

the superfic{alis,musclr'ls secondarily missing (Haines 1939). In

all living reptiles, tlvese muscles insert adjacent to one another

!
i

on the extensor surface of the distal end of tHe radius and on the
radial side of the carpus. Haines, in his reconstruction of the ’
éxtensor musculature of Ophiacodon followed a pattern common to:
Sphenodon and turtless inayhich the profundus and intermedius heads
insert on the extensor surface of the radius and the superficialis
head 1n§§;tsn3{\tho radiale. Captorhinids show no specific evidence
AN 4 , ,
for the gnsertionsyof the profundus and intermedius heads, but it

n o

15 most ]ikely_thit these muscles attached to the radius as proposed

‘

:
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by Haines for” Ophiacodon (fig. 22A). A strong Q;prmodistal ridge
and a prominent depression radial to this ridge on the extensor

surface of the radiale (Ffig. 22A) of captorhinids shggests thg area

v

. -
of 1nsertion of the extensor carpi radialis superficialis.

The extensor carpl ulnaris of Sphenodon (Miner 1925) and /
: \

Iguana inserts on the lateral surface\oﬁ the distal end of the ulna, B
N\

pisifotm, ond on the metacarpus V. In crocodilgs, the musc%e inserts

-~ ’
» . |on the entire extensor surface of the ulna and ulnhare. In the o

turtle, the muscle inderts only on the ulna. Although there is nolﬁ\\\

.

direct evidence of this muscle 1in captorhinids, the similarities
in structure of the carpus between these animals and Sphenodon

indicate that 1ts insertion in captorhinids would have been on the

~

distal end of the lateral surface of the ulna, extensor surface of

1

‘the pisiform, "and metacarpal %, (fig. 22A). The anconaeus quartug,
, ] "

. L
a clasely related musele, originates in living reptiles with the, , -

v

extensor carpi ulnaris and inserts along the latdral border of tHe

ulna, proximal te the insertion of the latter muscle. A ridge on

the p%ox1mal end of the tateral gsurface of the ulna in captorhinids (~
N .N >

. . P , o ' v
may indicate the division between the anconacus quartus and the

2
epitrochleoanconaeus, the latter inserting on the adjacent f{lexor
s F '

surface of the ulna (Tig. QZA,B). !

) ’ \
The cxtonqu;dlgltorum longus (humerodorsalis) presumably

r

arosc i capfBrhinids (frg. 21B,D) from {ho ecteplcondyle between
[ h

2
L] . s
the extensor carpi radialis and extensor carpi ulnaris muscles,
: {

as it does 1n all living reptales. In Sphenodon and lguana this
! ' fj"\ A&
N . w - i set

4
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. separates at its distal end into several small slips, each slip

[

attaching to a tendon inserting on the ulnar side of the proximal

end of a metacarpal (fig. 22A). In the turtle (Walker 1973) the
muscle prérchs, as 1n other livfng forms into a series of slips, v
° each vith a tendon inserting on the proximal end of a metacarpal. It
’T]g‘51gn1flcnnt, however, that tendons from this muscle insért not

only on the ulnar siae of thgﬁmetacarpals, as in lizards and Sphenodon,
but on the radial side as well. The condition seen in turtles,

S I believe, 1s‘qrimitivc.. In most modern reptiles, the carpus has
be&n reduced in relative size as compared with that of captorhiqids.

. . .
The 'distal end of the carpus is not wide enough to accommodate the

)

' proximalfexpan516ns of the metacarpals of mdst liviqg reptiles
unless the metacarpal; are Ewiéted and oriented so ggat the ulnar
side of th? proximal expansion of cach of metacarpals I-1V overlaps
the radial side of the metacarpal situated laterally to it. Thi§
means that the radial si1des of metacarpals II-V are.covered by the
adjacent mctacarpal\and 1t woqld be impossible for a tendon from

- .

the extensor digitorum lengus muscle to insert on this side of the

4 proximal expansion of these metacarpals. 1In the turtle, on the\x
. other hand, the carpus is very wide, and consequently it is unnecessary
for the metacarpals to be stacked as in other living reptiles. N

This leaves both sides of the proximal expansions exposed. It seems
L] v
likely that tendons of the extensor digitorum longus inserted on

both sides of each metacarpal in captorhinids, mucH as they do in

turtles. Haines (1939) assumed a similar arrangement of the insertions
4G

.
N .

>

v

-




. : of the tendons in his reconstruction of the ecxtensor muscles of
Ophiacodon. The origin of the ‘extensor digitorum communis brevis

> muscle 1n living reptiles is from the proximal, ulnar side of the
carpus, usually from the ulnare and intermedium. Depressions on
the dorsal surfaces of the intermedium, lateral centrale, and ulnar
side of the radiale of captoyhinlds indicate the probable origin =
of the extensor digitorum communis brevis (fig. 15, 22A).. These
muscles presumably radiated out from this common origin to insert N\
on the dorsal surface of the distal phalanges by tendons, as in
lizards and Sphenodon; but there is no osteological cvidence for
these insertions.

The supinator manus originates from the distal end of the ulha :
in all living reptiles. The muscle passes diagonally across the
® lower leg to a more distal insertion of the radial side of the

“ ”
wrist., In Sphenodon, crocodiles and turtles, this muscle inserts
]

on the radial side of the carpus and proximo-radial corner of meta-
carpus | (Haines 1939). 1In lizards, the insertion has shifted up

onto the distal end of the radius. This transfer of attachment

'
2

from the carpus to the radius is most likely a result of'a general -

[
reduction in the size of the carpus in these animals and is therefore
*

a
/
a specialized feature of lizards. The inscrtion of the supinator

’
- g

/
3 manus of captorhinids was probably in the moxe typical reptilian
position, located on the radial side of the proximal end of the
first metacarpal and surrounding connective tissue.

- Dorsometacarpales were presumably present on the dorsal surface

-

Fay
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of the digits, but there is no osteological evidence for them in

-~

captorhinids The origin of éach of the dorsometacarpales of many

s
4

lower tetrapods spreads over several metacarpals. This multiple
origin of the dorsometacarpales, although widespread among lower
tetrapods, appears to be a specialization (Haines 1939). 'Haines

suggests that primitively, each dorsometacarpale originates from

. i i .
one metacarpal only, as in turtles,and he reconstructed these muscles

in this manney 1in Ophiacodon. It is probable that the dorsometacarpales
of captorhinids originated in a similar manner (fig. 22A).
The entepicondyle forms a broad plate which provides ample

room for the origin of the flexor mus@les of the lower arm and hand

(fig. 21D). The pitted and roughened ventral surface of the condyle
indicates the general 1oca§}qp of the origin “of the flexor muscle

mass, but it 1s impossible to distinguish,the attachment areas of
- o

A . .
individual muscles. Only a comparative study of living reptiles
has made 1t possible® to reconstruct the origins of the flexor muscles
shown in fig. 21D. .

The palmaris communis muscle of lower tetrapods ‘appears to have

been generally compesed of three heads, a superficiral head originating

-

' B 1 .
from the ventral surface of the flexor crest (fig. 21D) and two-
profundus heads, onc briginating f{rom the lexor crest internal to

the shporflcial head, (fig. 21D) and the other from most of the .

radial {lc.cor surface of the ulna (fig.)?ZH). These ihroo hecads

’

converge on an aponcurosis. This aponeurosis wraps around the ventral

surface of thehand and(then breaks up into narrow tendons, each '

' .

- A
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inserting on a termfnal phalanx. This pattern is duplicated in .

e

lizards, Sphenodon/ and crocodiles. 1In turtles, there is no profundus
v

head, as su;% originating from the humerus as it does in the other

forms. 1This exception will be considered more fully in the discussion

of the pronator radii teres below. Although there is no direct

osteological evidence for this mustle in captorhinids, it seems

quite certain that lizards, crocodiles, and Sphenodon demonstrate

the primitive condition of the palmaris communis muscle, and it

v

should be restored as such in captorhinids (fig. 25B,C).

The pronator radii teres originates with the humeral head of
\ -

the palmaris communis profundus in Sphenodon and lizards (McMurfich

-

1903), from which the former muscle was obviously derived (Miner
3
1925). 1t scparates from the latter distally and inserts on the

distal end of the [lexor surface of the radius. 1In turtles, the
pronator radii teres is very large, and appears to have incorporated
4

the humeral head of the palmaris communis profundus, which has lost

its attachment to the plantar aponeurosis and fused with the pronator.

f
The pronator radii teres is present in oue form or another in all
living groups of reptiles, and must have existed in captorhinids,
originating wi?h.thé humeral head of the palmaﬂis communis pro fundus
(f1g. 21D) and inserting as a separate muscle o% the distal end of
the {lexor surface of the 'radius (fig. 22B, 25B).

The ulnar f{lexors 9[ reptiles consist of two closely related

~muscles, the epitrochleoanconaeus, and the flexor carpi ulnaris.

The epitrochleoanconatus takes 1ts origin from the most distal part '

R4 o
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of the entepicondyle, and the flexor carpi ulnaris originates --

immediately proximal to the origin of the former. The epitrochleo-
anconaeus inserts along the distal portion of the ulnar side of the
flexor surface of the ulna in Sphenodon and lizards. Walker (1973)
does not recognize a separate epi?roahleoanconaéus i; Pseu&emxs,

but a specimén&that I dissected d;finitel; shows this muscle. 1t
inserts along nearly the whole lateral %ortion of the fle;or surface
of the ulna. Roughened bone surface in this region of the ulna

of captorhinids (fig. 11C) suggests a similar condition in thgse
férms. In jizards and Sphenodon, the flexor carpi ulnaris muscle
originates on the humerus, and passes diagonally across theilower
arm from the preaxial to postaxial borders and inserts on the pisiform.
In captorhinids, this'muscle 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 supinate the hand as well as flex the ulnar side of

il

v

the carpus (fig. 25C). The posteriorly projecting pisiform increased

the supinating power of the muscle. In crocodiles, the muscle inserts

y

on thé ulnare, and in turtles, on the ulnare and pisifo' . This

shift of insertion away from the pisiform reflects the reduced condition
of the pisiform in turtles and especially crocodiles. Th; pisiform

is large in captorhinids, and it.seems likely that ghe muscle insexrted

on this bone exclusively in this group, as it does in lizards and
‘ 1

Sphenodon (fig. 22B; 25C). .

The flexor carpi radialis mass of lower tetrapods originates

< t 1,5 v
.
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‘ o&rom the proximal part of the entepicondyle. 1In all living reptiles
except turtles, it splits i1nto two heads. 1In lizards and Sphenodon,

-

one head 1nserts on the radial border of the radius, while the other

inserts an the f[fexor surface of the radiale. In crocodiles, both

T - I
-

heads insert on the radius. The lone head of the flexor ecarpi radialis
. . \
of turtles inserts on the proximal end of the flexor surface of the

first metacarpal, The condition shown By Sphenodon and lizards o
is probably closest to the primitive one, and consequently captorhinids

have been restored with two flexor carpi radialis muscles, one

.

inserting on the raditus, and the other on the flexor surface of the

]
a

radiale (fi1g. 22B, 25A). ' 2

Lower tetrapods typically possess a pronator quadratus, normally

v

{ taﬂing the form of a broad sheet of muscle origination from the radial
. ! A
border of the ulna and inserting on the ulnar border of the radius.

This is the condition of the muscle in lizards and Sphenodon. The

N ' - . * .
o pronator quadratus (profundus) muscle is absent in some tumrtles.
¢ i Where present, it normally originates from the medial border of

the ulna, but unlike the condition in other reptiles, inscrts on

the radial side of the carpus (Walker 1973). No ridgés exist on the - /)
.

bone surface of the radius or ulna.of captorhinids in the regions
g .

where one would expect such a muscle to attach. However, the general

® o
d condition of the pronator quadratus in lower tetrapods indicates
14

that it originated from most of the radial border of the ulna,

| and iscerted on most of the "ulnar border of the radius, and possibly
B - P \(
also on the radiale (fig. 22B, 25A). : . ~

‘ . ’ ) ¢
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Livaing reptiles possess shgrt digital flexors, the flexores

~breves sublimes. They consist of fheee muscle sheets, two superficial

to the palmar aponcurosis and originating from its ventral surface,

1 -
»

- . i] .
and one deep to the aponeurosis, originating from its dorsal surface.

The most superficial sheet splits up and Eﬁéjslips of muscle ioop

around each long tendon of the plantar aponeurosis and converge
to form a tendon dorsally. These tendons run distally, dorsal

to the tendon of the plantar aponeurosis and insert, each on the
L] *

[

base of a phalanx of a digit. ’'The more dorsal‘supérficial muscle

sheet of the short digital flexor®s also breaks up into several slips

A
which loop around the long tendons of the plantar aponeurosis but

insert fleshily on either side of one phalanx of each digit. The

4

sernw s 7 -

deep muscle sheet inserts fleshily with the above.
Miner (1925) was able to recognize all three layers of this

muscle in urodeles, although they are very small and undefﬂevelopéd,

and unlike the condition in reptiles, all layers take their origin

Pt

from the dorsal éuffacdxof the plantar aponeurosis, leaving the
latter completely exposed ventrally. He suggested that a reptilian .
condition aould have been derived from the urodele condition by an

‘ S o

expansion of muscle of two of the thrée primitive slips of short
‘ -
digital flexors around the long tendon of the palmar aponeurosis,

gaining a.new attachment on 1its vewntral surface. This, Miner claimed,

“

ocdurred in response to a need for increased power tq.flex the
digits of reptiles, which were as a group, more terrestrial in habit

than amphibians. Since it now appears that the i1mmediate ancestors
I

.
& o c

Apr
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sublimes to the ventral surface of the palmar aponeurosis occyrred

bcfore or during the amphibian- reptlllan transition. For this

T - s

Y !

reasdn it scems most likely that captorhinids_ possess a short digltal

flexor system much 1ike that present in modern reptiles (flgé 25B,C).

/

The contrahendes digitorum ¢f urodeles a&d amphibians ih general

Ay

:is composed of several slips orighnating from the carpus and ingerting
on the digits. Because of the deyelopment of a powerful short
digital flexor system, the contrahendes digitorum mass became reduced

in reptiles, and i% only representéd by two slips in Sphenodon,

4

irnimi. Jhese muscles originate |,

,4, and the ulnare. The adductores

the adductores pollices and digiti

Sow 4

togesher from the distal garpquJZ:

-«

pollices inserts on the ulnar side of the joint of the metacarpal *

3
1

were probably well developed, the confrahendes digitorum musculature
would most likely hawe been no more extensive thanythaF of Sphenodon
(fig. 228, 25A).
diCaptorhinids also presumably had flexor brevis profundus muscles
similar to those found in living reptile%. These musc%es typically
originate from the distal carpals T1-V a%ﬁ meLacarﬁgls IT1-V. ﬁach

muscle divides 1nto two, with one slip Lnéerting ont% the same

t
4

1
metacarpal from which 1t orlglnatcs, and tle oLher sly p inserting

ton the metacarpal situated radial to the m Lacarpal fnom which' the

1
o

sl

myscle or&glnates (Miner 1925), (frg. 22B, QSA). o .

B H
- 1

>

@ [

1

and. phalanx of digit V. Since the shrt digital flexors of captorhinids
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SUMMARY AND DISCUSSION
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Although separated by a span of at least 230 million years, living

reptiles and captorhinids possess-a pectoral limb of reaﬁfkably similar

-

structure. This similarity, particularly in.musculature, not only
between captorhinids and living forms, but also among living forms as

well testifies to the conservative nature of its evolution in reptiles.
. - ¢ )
There are, however, a few differences in the osteology @f the pectoral

limb that are important in terms of limb function.
N .

There is a tendency in modern forms towards redgctiog{of the

dermal girdle. The cleithrum has disappeared in all living reptiles,

'

»

the clavicles are absent in crocodiles, and tha remaining dermal

~
bones are much lighter and thinner than in &aptorhinids. The scapulo- \
coracoids of lizards are ®erforated by a series of fenestrae, eaéh'

fenestra associated with the origin of a shoulder muscle. The surface

of the scapulocoracoid of captorhinids is unfenestrated, but the bone

is substantially thinner in the areas corresponding to the locations

. . ¢
of the openings in Tecent forms.

il

The modifications of khe glenoid and associated reduction of the

posterior coracoid in modern forms as compared with the condition ' <
E

seen in captorﬁ?ﬁ?ﬁ% is probably the sipgle moat important difference

in terms of limb function. The screw shaped gleno%f of captorhinids

appears to have been a strong joint, strictly regulating the degree

»of twist?hg'of thre gumerus as it was drawn back and down through the

N N - ¢

' 4
power stroké. This Tegulation, however, severely reduced the mobility

‘ L]

) : \
\- . g ~

~ 4
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of the humerus, and‘;d%ced the captorhinids to move their forelimb

-~

E\ t

]
through a stiff, sprawling gait, with little variation in the pattern ¢

X ~ ’ A
possible. *

v

The reduction of the posterior coracoid of living reptiles extends

9'/\
the posterior range of«the movement of the humeruys, and in conjunction
. ) .

with the abbreviation of the glenoid to a ball and socket joint, gave

a greater pot%ntial range of movement in a vertical as well as hori-

zontal plane. These changes allowed modern forms to a?andon the

4 B

sprawling stance of primitive reptiles, and move the humerus into
! .

]

a position parallel with the trunk. a 4

Since rapid locomotion of modern reptiles is accomplished with

1

the humerus parallel to the trunk and the pectorat limbs under the

body, the triceps and biceps carry most of the burden of extension

and flexion of the lower limbs. The distal condyles of the humerus

LA
N -

of living forms are conse&dbntly reduced from the condition éeen in
captorhinids, where the fle;ors and extensors played much more import;At
roles in the power and recovery 'strokes. During the power stroke, v
the elbow joint of primitive reptiles 1s placed under severe torsional
stress due to their sprawling posture. Because\of the major reorientation
of the humerus in living reptiles, torsion does not Play a major role

o !
in the design of the joint. The elbow joint is muchﬁmoxe loosely

;
constructed, with none of the modifications for resisting torsion

. v
that are present 1n captorhinids. :
There 1s also a tendency in living reptiles to reduce the ~
£
relative size of the carpus. In lizards particularly, one or more ~

\
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N .
of the carpal bones are often reduced or absent, and a simple hinge

joint between the radiuc and ulna and the carpus often develops to

-

replace ‘the complex 1nterlocking of the captorhinid-type carpal structure.

«

In Sphenodon, this intorlocking structure ig retained, but the carpus

is relatively smaller than that seen in captorhinids. In crocodilegg, :
the carpus 1s relatively narrow, but the ulnare and radiale are great
elongated, causing the carpus to be‘longer than in other repti

Only turtles possess: a carpus of a size comparable to that oftaptor-,

v

hinids. Associated with the reduction in width of the carpus améng

most living reptiles 1s the tendency for the proximal heads of the

)

metacarpals to overlap in all modern forms‘except turtles.
Some of the muscles that must have been present in the pectoral
limb of captorhinids left no ¥frect evidence in the form of muscle '

scars,so that their nature and position was determined primarily on

' v

W, ‘ . . :
the basis of living forms. 1In the absence of more specific evidence
of these mugg;és, it 1s 1nadvisable to discuss the evolutionary changes

in their configuration that presumably occurred between primitive and

~

¥
recent reptiles, since such discussion would involve circular reasoning.
! AN

However, there 1s direct evidence of the areas of origin and insertion
Q
‘of many of the muscles in captorhinids, and so, a more secure basis
for comparison with those of living forms. Of the latter muscles
many have hot changed appreciably in their origins, insertiqns, or '
[ 2N
functions in any of the surviving lineages. Other muscles have become
modified in one or two of the living groups, but remained primitive

-~ -
in form in the other orders. The most radical changes in musculature . (j
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occur“in the Cheldgia; where the presence of a shell profoundly
.aé'ﬁ P

. ‘ |
altered the architectldre of the proximal portion of the pectoral limb.
K" »

It is valuable t6 summarize our knowledge of the muscles that

w
have gone through the most marked evolutionary change from the primitive
»

captorhinid condxg}on to the configuration seen in theyvarious living
groups. ¢ .

In prigxtlve Y tlles,‘the‘pegtoralis muscle originatedhfrém .
the edges of Lhc ventral portion of the claviclé, interclavicle ventral
surface of the sternum, and sternocostale. This remains unchanged
in Sphenodon and lizards. Since the dermal girdle is reduced in

crocodiles, the origin of the pectoralis is limited to the ventral

T
’

sur faces of an expanded sternum and sternocostale. With the development

kY

shell and consequent modification of the girdle in turtles, the
t

pectdralis ha$ shifted its origin to the dorsal surface of the plastron.
) A

THg_ insertion of this muscle, on the deltopectoral crest of the humerus,

is evident 'in captorhinids and remains constant in most living reptiles.

’

In sea turtles, Ehe deltopectoral.cresé is shPfted distally, increasing
the mechanical advantage of the 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). .

. A\ - . . P . . :
The cvolution of the-latissimus dorsi is conservative. Primitively,

-

1ts origin 1s from the fascia of the back, and inserts on the posterior

1Y
t

]
part of the dorsal surt&Fe of the proximal head of the humerus, between

7

the origins of the lateral and medial humeral heads of the triceps \\r

%
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muscle. This general pattern is followed by 411 living reptiles except

turtles.: In this grodp, the muscle originates from the ventral surface

of the carapace. The latissimus dorsi and teres major of turtles
0‘»

develop embryologically fr6m'the same muscle mass (Walker 1973), and

o~

it appear; that the terés major of tetrapods evolved from a slip of
the latissimus dorsi that gained attachment to the lateral surface of
the scapula (Romer 1922). The teres major developg} separately in
turtles and crocodiles. 1In turtles, it originates from the anterior »
surface of the top half of the scapula and fuses digtally with the
latissimus dorsi. 1n crocodiles, the teres major originateé from
» . the posterior half of the iateral surface of the scapula, and also
—— .
inserts distally with the latissimus dorsi.
The‘coracobrachialis musculature of captordmpids had a broad
origin from the external surface of the poster;t:q\oracoid. Distélly,

this muscle mass separated into a brevis and a longus head. The brevis

head had a large 1insertion of the proximal‘ﬁalf of the flexor surface

of the humerus. The longus head inserted distal to the brevis head,

“"

on the entepicondyle at the leyek.of t ntepicondylar foramen.

.

ThisJ;atgern has not altergQIappreciably in lizards and Sphenodon,
except that the loss of the postérior coracoid in these forms has ‘
limited the area of originrof these muscles. 1In cro;odiles, thé lonéus
. head has been lost, and the area of the humerusinbrmally occupied by
the insert%on of .that muscle has been taken over by the origin o} the

triceps humeralis medialis. The coracobrachialis brevis of turtles -

T~ is very small, hut otherwise similar to the condition exhibited by
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other reptgles. The coracobrachialis longus has shifted its insertion
L3

" from the entepicondyle to a much more proximal position on the medial

(posterior) surface of the proximal head of the humerus. Since this

“

e

muscle is very strong, and since it is shorter than the brevis head,
Walker (1973) prefers to call it the coracobrachialis magnus.

The proximal head of the biceps brachii of captorhinids originated
9

with the coracobrachialis mass from the posterior coracoid, and inserted
- g A Y

on a tendon that passed over the joint capsule. This tendon served
as the origin of a moge distal head that merged with another muscle,

the brachialis inferior. The brachialis inferior took its origin

A

from the ventrolateral surface of the proxipal head of the humerus.
The muscle formed by the fusion of the distal head of the biceps and

the brachialis inferior gave rise, at its distal end, to two tendons
tha inserted on the ulna and radius. The biceps and brachialis inferior
. .

of Sphenodon are essentially the s;me. In lizards, the muscular part
of the proximal belly of the blcgps is reduced, and 1s represented
for the most part by tendinous material. In crocodiles, the proximal
belly is ¢ompletely tendinous. Many turtles have a dou?le biceps,
consistiﬁg Qf a superficialis and a profundus mass. The profundus

L 4

mass usually unites distally with the brachialis inferior. Testudinines

and sea turtles have only one biceps, similar 50 that of other reptiles.

It is probable that the double biceps of turtles originated from a

splitting of the originalg single biceps.
In captorhinids,” the|supracoracoideus muscle originated from

-

most of the lateral surface of the anteridbr coracoid. The area of

~ v
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"acromion and a posteromedial projection termed the coracoid. These >

89

insertion, unchanged in living reptiles, was on the deltopectoral

.
.

crest oflﬁhe huﬁerus, proximal to and betwéen the insertions of the p
pectoralis and deltoid muscles. Th Sphenodon, and lizafds, the muscle i
remains unchanged. In crocodiles, the muscle is divided into a coracoid

and a scapular head. The development of a separate scapular head of

the supracoracoideus c;ﬁ be cb?felated~with the loss of the scapulo- ‘
humerali; anteriqr muscle in crocodiles (Romer 1922). The surface

of the scapula.that normally serves as the origin fgr the scapulohumeralis
anterior of other reptiles is occupied by the scapularxhead of the
supracoracoideus muscle. In turgles, the ventral part of the shoulder
girdle is composed of a sléhder anteromedial projection termed the

v

two elements are connected at their medial tips by a ligament. The

L ' -
supracoracoideus, as a result, consists of two stout heads. The anterior

portion takes 1ts orlglﬁ from the ventral surface and adjacent ligament,

and the posterior portion takes its origin from the ventral surface

of the coracoid and adjacent ligament.

In primitive tetrapods, the deltoid muscle mgss probably originated

as an unbroken sheet from the lateral surfaces of the cleithrum and e

clavicle. With the reduction in the size of the cleithrum in all
h 1 ‘

but the most primitive reptiles, the upper portion of the deltoid —
mass shifted.its origin from the cleithrum to the adjacent lateral ‘
surface of the scapyla. This process was probably quite advanced

. . . L% . .
in captorhinids, and a scparation of the deltoid mass into a scapular

and clavicular deltoid muscle seems almost certain. The insertion
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of the deéltoid mﬂscles was on the dorsal surface of the deltopectoral®

,”
ridge, as is tAe case 1in all living reptiles. The cleithrum is absent

- .

in lizards and Sphenodon, and the transfer of the origin of the scapular

deltoid ontd the scapula is complete. In crocodiles, tﬂe clavicles
) are absen?, and the clavicular deltoid originates from the anterior
. . .
edge of the lower part of the scapula. (Furbringer (1876) claimed that

{ the deftoides scapularis inferior was also partially homologous to the

deltoides scapularis of lizarde). The deltoid muscle mass of turtles

4
13 . . .
often forms a continuous sheet, originating from the anterior edge

of the scapula below the origin of the teres major, from the anterior

s .
dgurface of the acromion, and from the plastron. The ventral (clavicular) *

{ . ‘

h

~half of the muscle is much better developed than ‘the dorsal (scapular)
‘ half.

The scapulohumeralis muscle mass of E@ptorh}nids probably consisted
of a single muscle originating from the lateral surface of the scapula
below the origin of the scapular deltoid, and inserting on the dorsal
surfacé of the proximal head of the humerus posﬁprior to the insertion
of the scapular deltokd. This muscle appears to have split into two
heads in ﬁrimitive diapsid reptiles. The scapulohumeralis anterior

.
\ / %:iginated from the lower part of the scapula and inserted on the .
dorsal surface of the humerus. The scapulohumeralis posterior originated
S more posteriorly and dorsally from the scapula than did scapulohumeralis
pdsterior, and i1nserted on the dorsal surface of the proximal head

of the humerus posterior to the scapulohumeralis anterior. This is

the condition seen 1n Sphenodon. In crocodiles, the'anterior head




©

2

B

\
- a SRR 91 >

4 ]

is lost, Punctionally replaced by the scapular head of the supracoracoideus.
In lizards, the poster1q{1§ead is usually reduced {Furbringer 1900).

Turtles have no muscle cosresponding to the scapulohumeralis mass | .
o n
R 4

of other reptiles which appears to be functionally replaced by‘tﬁe

——— e e

deltoid musculature.

Y

The subcoracoscapularis muscle of captorhinids originated from .

the triangular area at the base of the scapula above the glenoid,

and from the posterior edge and medial surface of Fﬂe supporting \\
L 8 * .

brace of the scapula. There was probably also a subcoracoid head of
' T

this dhscle, originating from much of the medial surface of the anterior

.

coracoid. The insertion of the spbcoragoscapularis muscle was on the

process medialis of the humerus, as it is 1n‘all living reptiles. - ~

»
In Sphenodon and lizards the muscle retains two heads. The subcoracoideus

a

portion is probably better developed than it was in captorhinids.

In crocodiles, the muscle originates by a single head from most of the

medial surface of the scapula. The scapulohumeralis posterior originates
53 1 . '
from the posterior part of the scapula, preventing the subcoraco-
scapularis -muscle from attaching there. The subcoracoscapularis

v
(subscapularis) of turtles is a very large muscle. It originates

A

from most of the lateral, posterior, and medial surfaces of the scapular

prong.

\ THe triceps of captorhinids consisted of a medial ,and a lateral

maés. The long head of the medial mass (coracoid head) originated

.

from the posterior part of the lateral surface of the posterior coracoid,

and was joined distally by a short (humeral) héad,ﬁhat originated
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from the dorsomedial surface of the humerus. The long head of the

lateral mass (scapular head) originated.from the base of the sciPula
[ ) 1 N
just apterior to.the origin of the subcoracdscapularis muscle, and

‘wa$ also joined distally by a short (humeral) hegd or?ginating from ,
Lhe dorsolateral surface of the humerus. The medial and lateral

muscle masses then united anh attached to the ol'ecranon process of

the ulna. Thig is essentially the- arrangement in Sphenodon, lizardﬁf ,

and crocodiles. With the loss of the posterigr coracoid in Sphenodon
} .

7 .
and lizards, the long head of the medial mass originates from the

S N »
v

sternoscapular ligament, which is the functional replacement of .the
., ‘
supporting ridge of the posterior coracoid of primitive reptiles.

In crocddiles, the coracoid area is more extensive, and the long head

of the medial mass (anconaeus coracoscapularis (Furbrifiger 1876&)

takes its origin from the dorsoposterior,tornér of the coracoid.
Turtles have departed markedly from the primigive pattern. The entir
medial mass is gone. The lateral mass is similar in origin and insertion

to that of other reptiles, but the long head is very weakly developed. Yy

[
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EXPLANATION OF ABBREVIATIONS

] ~
add. poll: adductor pollicis .
anc. qu. anconaeus quartus
N
ANT.: COR. / anterior coracoid
bi. N biceps
br.|i. brachialis inferior . :
cbb. ' coracobrachialis brevis |
cbl. coracobrachialis longus )
cl. delt. / clavicular deltoid ¢ < )
delt. ‘ common insertion on scapular and ‘
' " * clavicular deltoids. s
/ dig. min.  digiti minimi , .
d.m. | - dorsometacarpalis }
. epist. epistéfnohyoideus
epitr. ' epitrochleoanéhonaeus \
¢ ext. carp. rad. int. ;arpi‘:adialiswin;e;meA1us

ext. carp. rad. sup.

1
*

ext. carp. ul.

ext. dig. com. br.

ext. dig. long.
f1. br. prof.
fl. br. suh;
fl. carp. rad.

fl. carp. uln,

extensor
extensor
extensor
extensor
extensor
flexores
flcxprcs

2

frexor “c
4 .
W

flexor c

humerus

e

carpi radialis superficialis

B
[

carpi ‘ulnaris
digitorum communis brevis
digitorum longus
;b?eves profundus
breves sublimes

arpi radialis

arpi ulnaris

o



intermedium

o 1’
|
1.d. | latissimus dorsi
lev. scap. inf. levator scapulae infetioris
4 » N . '
1. lev. scap. sup. levator scapulae superioris ,
g !
2
omo. omohyoideus -
p- \ ‘ pisiform : ‘
- 7]
palm. com. prof.' palmaris communis profundus, originating
. from entepicondyle of humerus
palm. com. prof." palmaris communis profundus originating
" Ty | e A l ) P S -
o T oA SoT ottt o arira
. palm. com. sup\ palmaris communis superficialis
pect. . pectoralis '
h\\' POST. COR. ’ posterior coracoid '
pr. quad. pronator quadratus ,
3
pro. rad. t. j/ . pronator radii teres .
rade. ’ radiale
. .
. sbes. subcoracoscapularis ,
SC. ‘ scapula
)//W sc. delt, scapular deltoid .
L - .
serr. ant. serratus anterior .
, serr. post. - serratus posterior ‘
A 7 .
, ses. . s sesamoid ‘bone :
s.h. o scapulohumeralis
b
SSC. ' suprascapula
L et -
stcor. sternocoracoideus

L



subc.

sup. long.
sup. man.
;;pracor.
trab.
tric. lat.

tric. med.

ule.

subcoracoideus
» P

supinator longus
supinator manus
supgicoracoideus
trapezius

b
triceps lateralis

i

triceps medialis

ulnare
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