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THE MORPHOLOGY  OF yHE PECrORALIS IN YHE LiZARD,BiIRD AND
BAL AND 11§ RELATION WitH OYHER FORELIMB MUSCLES

Bats and birds are both flying animals, the
reﬁote ancestors of which could be traced te the reptiles.
in the evolution of the flying habit the basic morpholo-
gical and physiological constitution of the reptilian
ancestors of birds and bats has béen modified in two
diverse directions in order to build up the flying
equipment of these two gfoups. The common factor in both
the groups is sustgined flight and the common base has
been reptiles. “This chapter gives the morphological
modifications of the pectoralis and the adjoining muscles
of the forelimb. as a preludeAto explain the stfuctural
changes involved in flight. The animasls studied are g

ground lizard, Uromastik hardwickii, an arboreal lizard

Calotes versicolor, the bifd Coluhba livig and the bat

Rousettus lechinaulti. ‘The task is made rather difficult

on account of the confusion in nomenclature. “The termino-

logy adopted is that of Fisher and Romer.
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DESCRIPt1ON OF MuSCLES AND DISCuSSION'

Dorsal Muécles:

The latissimus dorsi (Fig.1) which is a powerful

retractor of the shoulder is in the mammals the largest
muscle on the dorsal side of the trunk., In Uromastix
(George,1948) and Calotes also it is well-developed and
it arises from the dorsal fascla and is inserted oﬁ the
medial surface of the.upper end of the humerus. In the
pigeon the muscle is very poorly developed and consists
of only a narrow strip arising from the dorsal fascia

at thellevel of the neck of the humerus and inserted on
the humerus slightly posterior to that of.the deltoideus.

in the bat, however, the pfimiti&e latissimus dorsi is-

divided as in mammals in general,into latissimus dorsi

and the teres major. “he two muscles run close together

1

and get inserted on the ventral surface of the neck of

the humerus. ‘the latissimus dorsi in the bat is thus

clearly mammalian in character.

The subscgpularis (Fig.2) in uromastix and Calotes

corresponds to the primitive subcoraco-scapularis and

scapulohumerealis posterior. the former arises from the
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lateral border of the scapula on its ventral aspect and

is inserted on the médial“side of the head of the humerus.
The latter arises from the medial side of the suprascapula
on its dorsal side and is inserted along with the former.

In the pigeon the subcoraco-scapularis and the scapulo-

humeralis posterior muscles are reduced owing to the

reduction of the scapula into a rod-like structure. ‘the
two muscles cannot be clearly demarcated and appear more
or less as a single mass arising from the dorsal as well
as the venfral aspects of.the scapula on its anferior
half and inserted on the lessér tuﬁerosity of the proximal
and of the humerus, The former and the latter together

correspond to the subscapularis muscle of mammals. In

the bat also they are represented by a large subscapularis

muscle. It arises from the ventral surface of the
scapula and is inserted on the medial side of the head

of the humerus.

rthe deltoideus (Fig.3) which is a powerful
protractor and abductor of the arm is a large muscle in
the iizards consisting of two parts at its origin. ‘the

anterior part, deltoideus clavicularis arises from the

medial half of the clavicle, and the posterior one

deltoideus scapularis from ﬁhe anterior and medial

borders of the outer surface of the suprascapula. i“he
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two join vogether and finally get inserted on the deltoid

ridge of the humérus. in the pigeon the deltoideus

consists of three parts; (15 The tensor patagii (deltoideus -

élavicularis) coﬁéistiﬁg of the aﬁferior gkgglpngué and the
posterior Egg,pnevis parts, arises from the coraco-clavicular
jd%tién and is insérted on fhe patagial  tendon and also

on the fascia over the radio-ulna. A few fibres form the

accessory tensor patagii towards the insertion of the

muscle, which join the patagial tendon. (2)ihe deltoideus

minor (deltoideus scapularis) which lies below the former

arises from the same place of origin as that of the former
and gets inserted on the deltoid fidge. (3) The deltiodeus

major (deltoideus scapularis) arises from the dorsal side

of the proximal end of the scapula and is inserted on the
mid-~-dorsal part of the shaft of the humerus. 1ln the bat

as in other mammals and in the pigeon the deltoideus

consists of three parts. (1) The deltoideus clavicularis

arises from the lateral half of the anterior border of
the clavicle and proceeding laterslly forwards, some of
its fibres get attached to the deltoid ridge of the

humerus and then it gets merged with the patagium as in

the pigeon. (2) The acromio-deltoideus (deltoideus
scapularis) originateé from the acromion process of the

'sqapula and gets inserted on the proximal two-thirds of

the humerus. (3) The spinc-deltoideus (deltoideus -

scapularis) originates from the spine of the scapula and
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gets inserted just distal to-the deltoid ridge.The

deltoideus clavicularis of the bat is modified as in

the pigeon in having an afﬁachment to the patagium as

an adaptation for flight. .

The scapulo~humeralis anterior (Fig.3) of

reptiles which corresponds to the teres minor of mammals

is & wellédevelQped»muscie in Calotes and Uromastix. in
lizards it arises from the lateral edge of the scapula
" on its ventral side and is inerted én the medial side of
the head of the humerus. It acts as a retractor aﬁd an
elevator of the arm. In the pigeon and the bat, however,

this muscle is absent.

‘the triceps (Fig,Baﬁd 6f: In Uromastix and Calotes
thié muscle consists of ﬁhiee bel;iesﬂqf ihe‘primitive,
massive muscle, the ancpneﬁs; dne belly (1) arises from
the dgltoid ridée of the;hg@erus; the second (2) froﬁ
the medizl side of tﬁe:sgaﬁula néar fhe glenoid cavity
and the third (3) from the medial side of the head of the
humerus. In the'pigeon this mgscle arisaé from the‘post
axial tuberocity of the head of the humerus. The distal
end of the muscle is flattened into a tendon which is
"inserted on the oleéranép processtof:the~ulna. This muscle

is a powerful extensor 6f the forearm, In the bat the
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iriceps is a well»develcped muscle, but the fourth part
of the prlmltlve anconeus’ 1s left as a very poor ‘
remnant., In this animal, the 1ateral and the medial
parts of‘the trlcepsaplses frpm the_prox;mal end of %he
humefus-and is inserted~oq_tﬁe olecran@n process of the
ulna, while the third part arises from the border of
the glenoid cavity, the'postérior part of which is
thickened into a tendon aﬁa is inserted on the olecranon

process of the ulna:

Ventral Muscles:

The éeéfofalis (Fig. 4) ; Iﬁ Uromastix and Calotes,
it is:flat muscle with a brogd origin; Anteriorly it
arises from the 1nter—clav1cular JOlnt and also from the
epi=-sternum and sternum in the mid=-venitral line and from
the xiphoid horns. The_fibres converge towards the upper
arm and get inserted by afflét tendon on the deltoid ridge.
1t is the most pdwerful‘addﬁctor'of the arm. In the pigeon
this muscle consists of two parts namely (1) the pectoralis

major and (2) the péctoralis~minor. The”formér originates

from the whole length-of the carlna and the clavicle,
from the lateral part of: the bodm of the sternum and the

ventral ‘'side of the coracomd. the flbres arlslng from all
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these parts converge towards the prox1mal end of ﬁhe
humerus and gets 1nserted on the deltoid ridge from the
ventral aspect, 1t is- assumed that' the orlg;nal_s;ngle
ét;ucture of the reptile;hasnbiinrcated’into two parts
in the evolution of‘birdé; Of the two divisions, %he
. pectoralis minor shifted its originél ihsertion friom

|
the ventral o the dorsal 81de of the humerus. Mofeover

the tendon of these two d1v1510ns sank inside the‘muscle

l

so as %o facmlltate the attachment of the fibres 1n o

plnnate fashlon. The pectoralis major is concerned with

X

the down stroke of the wing. “the pectoralis mznori

brings about the elevation of the wing. In bat,htﬁe
pectoralis is dividedliniq three component parts‘ws in

some of the mammals. (1) The pecto:alis major arises

. - C- 1
from the keel-like expansion.of the body of the sternum

'
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and the fibres run latefall&_and forwards converg%ng

in a flat tendon which isﬂinsertéd at the medial ﬁase

of the deltoid ridge. (2)7he péctqralis minor ari%es

from the lateral border,qf the posterior end of tﬁe

dternum as a thin membradéus stfip whach becomes ﬁleshy

towards the region bf»thé sternal remnant of the

coracoild where it again becomes membranous and gets

|

fused with the bone -and .contifuing forwards becomes

. i
fleshy and gets inserted below the insertion of the

) o . t
pectoralis major on the humerus., (3) The pectoralils
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posterior (fxiphihumerélis ) arises from thenposterlor
most ribs by s large fléshylbelly. The -fibres conyorge
.to a thin flat tendon ﬁhich’gets inserted near thé

 “'insertion of the pectcraiis major. The Qectoralis%of

the bat is essentially mammalien in pattern even though

it has the ﬂeq?al avian orientation .

Therupraccracéidéus (Fig.5) arises in two lobes
in Uromastix and Calotes. The medial portion arisés from
the coracoid and a poftién of the scapula, while the
lateral one is from the.scapula. Both thesé‘parts’con-

verge and get inserted on the deltoid ridge. ‘the

_supracoracoideus in the pigeon corresponds to the‘dorsalis

scapulae of Fisher (1946). It arises from the dorgal
part of the posterior two-thirds of the scapula and gets
inserted on the ba01p1tal at the prox1mal end of. the
hqmerus. The supracoracoideus of lizards and birds

i
i

corresponds to the supraéminatﬁs and the infraspihatus

muscles of the bat and other mammals. ‘the suprasplnatus

in the bat arises from the supra”_ splnus fossa and is
!
inserted on the outer tuber051ty of the humerus. ghe

.infraspinatus originates from the infraspinus fossa of
. ot 1

the scapula and like the supraspinatus is ihserted on
' . " i

outer‘tuberdsity of the humerus, ‘The action is el?vation

‘and abduction of the arm.

: |



2

the biceps brachii (Fig: 6 ) : In Uromastix and

Calotes consists of two héads, oﬁé originating from the

coracoid lateral to the origin of the coracobrachiaglis

and the otherﬂlateral'tdﬂihe origin of the above-
mentioned firét head and both these bellies having
later fused toéether géﬁrinsertéd on the upper end of
the radius. The corresponding mﬁscle in the pigeon
arises as a single muscle belly from the anterior end
ofithé coracoid and getéjihserted on the proximal end
of the wlna. In the bat also this muscle consists of
two heads. One arises from the clévicular part of the
coracoid and the other from the samé Béne‘latepal to
the origin of the first heéad mentioned above. The two
bellies join together at the elbbw jbint forming a
thick cylindricgl tendon and gét inserted on the prox-

imal end of the radius. ‘

The brachialis (Fig. 6 ) : In Uromastix and
Calotes it arises from the delﬁoid ridge of the humerus
and lying very close to the shaft of the humerus gets
inserted along with the tendon of the biceps. This
muscle 1s an auxillary flexor of the forearm. In the
pigebn‘it arises from the &entral~dista1,énd of the
humerus and gets iﬁserted on thq_inner_surféce of the
“anterior one-fourth of thé ulna. In the bat it origin-

ates from»the ventral and the lateral surfsces of the



13
distal end of the humefus and gaté inserted along with

the tendon of the biceps.

The’cofacombracﬁialis‘(Eig. 6 ); The origin
of this muscle in Uromastix and Calotesfis on the ventral
side of the coracoid.’Itiproceé&s forwards along the
medial,side of the arm‘aﬁd is inserted on‘the antero-
medial surface of the iowe:'énd of the humerus. In the
pigéon the corresponding muscle compriséS‘of two muscles,

the coraco=~brachialis brevis- and the coraco=brachialis

longus. ‘'he former arises aé'fﬁo Bellies from two different
places of origin;'The_posteriéf part is from the sping
sterna of the sternum aﬁd lies"do?sal té the doracoid. The
other belly arises from the"junction betwéen the coracoid
and the‘clévicle. Both theéevparts-unite and give off a
common tendon wﬁiﬁh iéuinserfed on‘the head of the humérus.'

' The coraco-brachialis longus arises from the outer border

of the coracoid and from the costal process of the sternum.
Its fibres are attached'fg a central tendon which is
inserted on the head of the Humerus. This muscle in the
pigeon brings about slight depresson of the humerus. In
the bati, fhls)is a single muspie. it arises from the
clavicular part of the coracoid and is inserfed 6n the
proximal end of the humerﬁs.;it is the flexor 6f'the

humerus. This muscle is of_reptilian type.
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rhe subelavius ( -sternocoracoideus ) (Fig. 6 )

which is absent in the reptiles is a very insignificant
muscle in,%hg-higher mammels as in_man, but in the
pigeon and the.-bat it is a fairly powerful muscle. in
the pigeon this muscle arlses from the first two true
rlbs and is inserted on the dorso-lateral corner of the
coracoid. its main fﬂ?tion is to keep the coracoid in
place. in the bat it arlseé from the manubrium sternum
and gets inserted on the latéral three—féurtps of the
clavicle. and the head of thé‘humerus. This muscle in
the bat has to keep the élavicla.in,its place, as 1its
corresponding muscle ih thé‘bird does to keep the
coracoid in its place. This is. a case of convergence

in the two flying animsls. In man the subclavius is a
poorly developeézgrlslng from the J%Stlon of +the first
rib and its costal cartilage in front of the costo-
clavicular ligament and inserted on the under sgrface

of the intermediate third of the clavicle.

in conelusion it may be mehtiéﬁédtthat since
the bird and the bat are bpth‘flying'énimals and have
arisen from reptilian an@estors,"sevéfal of their flight
muscles show similar orientation, though the majority
of them in the 'bat show %ypical'mammalian characteris-
‘tics, whilé many of the:ﬁuscles of the bird are

essentially reptilian with some so modified as to give
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an avian touch. The deltoideus c¢lavicularis having the

~patagial attachments as in the birdy the presence of a
well-developed subclavius very éimilap~in position and

action to the sterhocoracoideus of_birds and the well-

developed Eectcfalis muscles, are all adaptations for
flight. But in the bat the presence of a well-developed

latissimus dorsi with teres:-major, a:single subscapu-

laris and separate supraspinatus and infraspinatus

miscles, a poorly developed anconeus and the attachments
of others are distinctly mammalian feéﬁures; In the
pigeon, however, -the fusion of the biceps and the

presence of two coracobreschialis muscles and the sterno-

coracoideus and the ﬂMparélleaed development of the
pectoralis set of muscles are clearly special features

in the birds.

the general éonclusibn that can be drawn is
thet each type.of the fiying animals has evolved along
its own lines and the modifications of the muscles
betray two such divergent lihes of evolution. It must
also be added that?}he morphlogical features of the
sﬁoulder musgles‘tﬁere is hérdly any difference between
Uromas%ix,;the'groundilizard and Calotes the arboreal

form.
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