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+HE SEBLEL0-MUSCULAR SYSHEH

the most characteristic features of the Cheloniz are
.the possession of the body shell and the skeletal modifications
which have acutely affected the other systems of the body,
particularly the muscular system. therefore, the siudy of the
skeleto-muscular system as a single complex seems to be of
considersble significanee not only to understand the diverse
changes that have taken place in tgﬁwmuscles and the ékeleton

but also 0 provide ressonable explg?icns for the modificstions

in the other systems especially the respiratory systen.

With these ends in view, the skeleto-muscular systen
of the common Indian pond turtle has been studied in detail,
the modifications of the important muscles in three other chelo-
nians, Geomyda, rrionyx and Téstudo have alsc been assessed

and accounted for,

THE CARAPACE ARD PLASTROK

the carapace in Lissemys is formed principally as is
typical in Chelonia by three longitudinal rows of dorsal plates.
the middle row consists of the anterior-most moveable small
plate, the prenuchal, followed by the fixed nuchal and then the
eight neursls. Basch lateral row consists of eight costal plates.
Lateral to the cosial plates is a zow of marginals which are

present only in the posterior half of the carapace. The number



of marginals varies not only in the sub-species of Lissemys, but
also between the young and old fgrms of the same species. In
younger forms the marginals are more in number, but as the animals
get older some of them get fusé& together and so their number in

the older individuals is always less.

“he prenuchal( Tig.1) is a swmall oblong piece and it is
followed by the aomparatively large nuchale. The prenuchal is
freely movgable, since it is atltached to the nuchal by a thick
ligament and is moved up and down by means of a muscle. the
liganentous joint becomes ossiﬁied asothe_sninal grows old making
the joint progressively immovable, ‘the movement of the prenuchzl
is of valvular nature as 1t can be used to cioge the‘a@er%ure of
the shell anﬁeriorl&. The musele which brings about the move-

ment of the prenuchal has been namsd by, Hassan (1941) as the

nucho-prenuchalis. [t is probably derived from the gpinalis-

semigpinalis system of muscles which is absent at the seventh

cervicul vertebral region, which is covered by the nuchal and
the prenuchal plates (George and Shah, 1955). A fuller descripe
tion of this muscle is given later while describing ihe suscula-

ture.

The nuchal (Fig.1) articulates laterally with the
two costal plates one on either side and posteriorly with the
first neural in the median plane. The sriiculation of the
nuchal with the costals &nd the ﬁeural is firm and immovable

though the joints show sutures.



The neurals (Fig.1) are fused with the trunk
vertebrae; There ayre seven or sounetimes eight neurals arranged
one éfter ano?har in a row along the middle line of the carapace.
tThe neural plabtes are progressively smaller Zrom the anterior

to the posterior end.

the costal plates (Fig.1) are in two rows of eighd
each on either side of the neursls. They consititute the major
poriion of the curapace. They and the neurals are firmly
joined with one another by suturces and so the intercostal and
‘%he costo=-neursl movements are not possible. “his is how the

rigid dorsal covering of the carspece is formed,

the marginals (Fig.1) are variable in number and size.
Phey are present only on the posterior half of either border of
the carapace. They are ar#iculated with the lateral borders of
the costals by thick liganmenious tissue which allows some
restricted movenent, The variaition in the number of the merginals
is utilised in the separation 0f the sub-species of the genus
Lissenyss There are three sub-species of the genus Lissemys
punctata, viz., the L.p.5ypica, the L.p. &‘ano's'a and the L. p-.
scutata. In L. p. typica and L. p. scutaia the number of the
marginals in the adult varies from five to eight and in L. p.
granesa from eight to twelve. The two sub-species L. p. typica
and L. Rescultata are distinguished from one another as the

first marginal in the former is the largest of all, while in



the other sub-species it is. smaller than the second: In all
the three sub-species the median pair of the marginals is
the smallest in the series and they are loosely attached

to the posterior median border of the last pair of cestal
plates. fhis pair of marginals is capable of valvular
movement caused by the muscle described as the margino-

infracaudal muscle by Hassan (1941) and which is probably

apart of the flexor~caudase-superficialis muscle of the

tail ( George and 3hah;1955). This pair of marginal plates
eonstitutes the so-called supracaudal valve. All the
marginals in radial cross sections present ..>,.. shape,
#illiams and McDowell (1952) have expressed the opinion
that the presence of the marginals in Lissemys is a primi-
tive character, since such is not found in any of the

other srionychénse.

As characteristic of “rionychenae, Lissemys is
devoid of epidermal scutes and a thin skin covers the plates

of the carapace,

The plastron in Lissenys consists of seven plasiral
plates as found commonly in other soft-shelled turtles and
also anmong the chelonians. ‘the blastral plates of Chelonia
are homologised with the clavicles, interclavicle, gnd the
abdominal ribs of the other reptiles (Gadow 1901, Reynolds
191%, Kingsley 1925, Wilson 1925 and Hassan 1941).



Phe epiplastra (Fig.3) and the entoplastron are
homologised with the clavicle and the interclavicle respe-
ctively. But recently #Williams and McDowell (1952) have
suggested that the so-called epiplastra in @rionychénae
are not comparable to those of other Testudinates and are
really extra elements, the pre-epiplastra, and that the
homologue of the entoplastron does not exist in the
irionychénae, and ﬁhe so=-called entoplastron is derived

from the fused epiplasira.

the entoplastron (Fig.3) in Lissemys has the shape
of a boomerang and has two pointed free ends., Positero-
laterally it articulates with the anterior ;nner cornu of
the hyo-hypoplastron of each side., This ariticulation is
not £irm, but loose and at this level the plastron moves
vertically up and down as ‘the anterior plasitral valve,

which closes the anterior aperture of the shell.

Generzlly the hyoplastra are free and separste
from the hypoplasira, but in Lissemys they are fused to-
gether, Bach hyo-hypoplastral plate (Iig.3) possesses five
processes consisting of two ouiter and three inner cornua,
of ﬁﬁe two outer ones the posterior one is bifid at its
free end, while the asnterior one remains undivided and
pointed. The anterior inner cornu shows serrations on its
free end and articulates loosely with the entoplastron, the
middle inner cormu is undivided and remsins free, while the

posterior inner one is trifid end articulates with the



xiphiplastron of its respective side. the ariticulation with
the xiphiplastron is firm and does not show any interplastral

movenents at this level,

‘the xiphiplastra (Fig.3) are situated at the post-
erior end of the plastron, Bach one has three processes
radiating from a central poini. One of them is anteriorly
directed towards the outer side which has two large tooth-
like projections which articulate with the trifid posterior
cornu of the hyo-hypoplastron of its own side. Another is
a medially directed short procesa which articulates with
its fellow of the other side, while the third'process is

posterior with two projections.

In Lissemys, besides these plasitral plates there
are other bony plates which get superimposed on the plastral
plates and are ultimaﬁely Tirmy fused with them. the sepa-
rate existance of these bony plates other than the plastral
plates was noted hy Hassan (1941) in the embryos of L. p.
typica. These supefimposed bony plates are called callosi-
ties by earlier workers, while Hassan has suggested that

they are extra plastral plates.

Among the wrionychénae, Lissemys, Cayclanorbis

and Cycloderma possess cutaneous femoral flaps at the



lateral sides of the xiphiplastra. these flaps are movable

and under their covér the hind limbs are retracted.filliens
and McDowell (1952) huve suggested that the Lisseminae are

a primitive sub-family of living Trionychgnae as they alone
possess the femorzl cutaneous flaps and they were probably

secondarily lost in other{frionychénae‘

Behind the xiphiplasitral plates is present a
movable flap with an internal core of tough dermis. this
was named as the infra~caudal valve by Hassan (1941) which
along with the supra-caudal velve of the carapace closes
the posterior aperture of the shell after the tail is

withdrawyn,

THE SEKULL

the skull of Lissemys is dorsi-ventrally flattened
znd is more or less ﬁriangulér when viewed from either the
dorsal or the ventral side. It is well ossified and hardly
shows éven a trace of cartilage., The subtures separating the
verious bones are, however, clearly demercated even in the
adult skulls, It differs, however, as do others of the
tfrionychidae in not having the false roof over the theuporal

region as is found in maeny warine forms viz.Chelone mydzs.
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+he cranium forms the axisl éart of the posterior two-thirds
of the skull which is comparatively extensive ‘beking into
consideration the skull of lizards, and presents a completely-~
ogsified structure in contrast with the partially-ossified

one in the lmcertalia. The orbits are large and very well
protected by bones and are separated from one another by the
thin membranous interorbiial septum which extends slightly
into the posterior region of the nasal chamber where i% forms
the internassl septum without dividing the chamber completely

into two.

+HE CRANIUM

‘the ocecipital region of the skull is completely ossifisd
and consists of four bones, (i) the supraoccipital,(ii) the
paired exoccipitals, and (iii)} the basioccipital, all of

which take part in the formation of the foramen magnum,fhere

is a single tripasrtite occipital condyle as in the lizards,
the median veniral part of which is formed by the basioceipi-
t2l and the tweo lateral ones by the exoccipitals of the
respective sides. In the cenire of the condyle there is &
slight depression which represents the place of attachment

of the ligament connecting thecondyle to the odontoid process,

the median basioccipital bone (Fig.3) is more or less



triangular in shape with its base in front and the apex

behind. By the side of the pointed hind end there are two spiny
projections, one on each side. the posterior end of the bone
corresponding.to the apex of the itriangle forms the median

part of the oeccipital eondyle and that takes pard. in the forma-
tion of ‘the ventral boundary of the foremen magnum. The dorsal
side of the bone presents = wide depression in the anterior

region in which lies the medulla oblongstba. Anteriorly the

bone articulates with the posterior bbrﬁer of the basisphenoid
and laterally with the exoccipitals,., On- the lateral border of
the ventral surface anteriorly it articulates with the piery-
goid, Along the venﬁero—la:}eral border of the basioccipital

and its two spiny projections, the interiransversarii colli

and the rectus capitis ventralis brevis muscles are respectively

inserted,
5.6,

“he paired exoccipitals (Figs ) in the adult are
irregulaeriy«~shaped bones. Dorsally the bone articulates with
the supraoccipital, laterally on the outer side with the
opistho=otic bone and ventrally with the basioccipital. the
exoccipitals take the major part in the formatidn of the foramen
magnun. On the border of the exoccipiials near the basiocecipital
articulation there are two formmina through which the eleventh
and the twelveth cranial nerves emerge outl. Dorsal %o these
tao foraming on the outer side where the bone articulates with

the cpistho-otic there is a large foramen, the jugular foramen

12



or the foramen lacerum posteriusg through which the vagus nerve,

the posterior tributary of the internal jugular vein and a

very swmall branch of the carotid supplying blood to the nedulls

oblongata, pass through,.

4,5,4,8
the median supra occipital (Figs ) fo¥ms the roof

in ihe occipital region. Through a small bridging strip,it also

tzkes part in the formation of the foramen magnum. Posteriorly

it projects backwards to form a very prominent occipital spine.
The occéipital spine has & conspicuous ridge, the oecipital
crest, from which the majority of the fibres of the adducior

mandibulae externus muscle take their origin. At the anterior

border of the supraoccipital there is a pair of horn-like
projections extending Yorward, one on each side. With these
projections the pari%al bone of the respective side abticula-
tes. As a result a congiderable area of the bone is overlapped
- by the parietals., the anterior half of each of the lateral
borders of the suprasoccipital articulaites with the pre-otic,
while the posterior half articulates with the exoccipital of
the same side. The articulation with the pro-otic is not seen
on the dorssl side, since it is overlapped by the parietal
bone. the ventral surface of the supraoccipital has a deep,
broad median groove with thick lateral walls which are hollowed
out on each side in a spacious cavity (part of the gcavun

capsularis). the anterior and the posterior semicircular canals
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of the membranous labyrinih sre housed in corresponding
coneavities éhich~are in communication by tubular passages
with the spacious g. gapsularis lodging the membranous
labyrinth. On the inner wall of this cavity mentioned above,

is a very narrow canal through which the ductus endolyuphati-

cus passes and opens into the cranium,
' 4,5,69.

the opistho-otic (Fig$. ) is a thick hollow triengular
bone, broad anteriorly, and flgt and pointed §osteriorly.1ts
inner side articulates with the supraoccipital and the outer
lateral side with the quadrate. Antero~laterally this bone
joins with the pro-oitic, while ventrally it.joins with the
pterygoid and medislly with the ex-and the bsioccipitals.st
the anterior part of the opistho-otic there is a large conca-
vity‘in which the utriculus is lodged and on the upper ﬁargin
of this concavity are present iwo small apertures, one
through which the posterior semicircular canal enters snd the

other through which it emerges.,

fhé parietal region of the skull consists oft%air
of parietals above and the median basisphenoid below. The
parietal Q/Sig:fﬂg extends to the side of the cranium as well
and forms the anterior part of labveral wall., *he posterior
part of the lgberal wall is foxmed by the otic capsule, ‘the

pair of pariedbals is joined iogether along the nmedian line



by a zigzag suture. They cover the grgater"part of the
braein on the lateral sides to° ‘the parietal is a more

or less triangular bone, the sntero-lateral portion of
which roofs over the brain. The extreme anterior end oz
each parietal is drawn out into a small poinied process

on which the frontal of the respe¢tive side rests. On the
lateral side more towards the anterior half is a projection
with which the postorbital and the Jjugal articulate with
the parietal. There is a plate-like process of the parietal
divected downwards which protects the cerebral henisphere
laterally. It is in this region that the palatine bone

articulates with the parietal.

The basisphenoid (¥igs.5e) is a more or less shield-
shaped bone when viewed from the veniral side. Anteriorly
there is a spacious anteriorly-directed concaviity, of the

bone, the gella turcics in which the hypophysis is lodged.

The dorsal plate lying over the hypophysis shows two lateral
processes which are called the galar processes. ‘Yhe veniral
plate of the bone forming the ventral wall of the sella
turcica, is tapering anteriorly and it is believed o repre-—
sent the parssgphenocld process of the basisphenoid of lizards.,
On the lateral wall of the basisphenoid runs obliguely a

shallow groove which leads into the sella turcica. Through

this passage the carotid artery enters the cranial cavity.

15



16

The dorsal surface of the bone behind the hypephysis .is
somewhat concave and it forms along with thai of the
basiocecipital a depression %0 support the brain, the
posterior border of the basisphenolid possesses & snall
process with which it articulates with the basioccipital.
Laterally it joins with the pterygoids and anteriorly with

the palatines.

The frontal region of the skull consists solely
of the paired fronials on the dorsal side, while the laterzal
wall is partly formed by the extension of the parieifal as
mentioned before and the membranous wall in front of it.

4,6,t0,

the frontal ( Figs | is a somewhat rectangular
bone which articulatés anteriorly with the prefrontal (nasal),
postero-laterally with the postorbital, posteriorly wifth the
parietal; and mesially with its fellow of the other side,

It covers the anterior part of the olfactory lobes of the
brain and also partly the olfaciory nerves, Venitrally at its
posterior part there is a deep groove into which as already
mentioned the anterior spiny process of the parietal of its
side fiis.

4,6,13

The prefrontal ( Fige ){nasal),is an elongated
bone which ariticulates as mentioned above with the frontal

behind, It is broader at the anterior porition. at its



antero-lateral side there is a large downward flap which
covers the posterior side of the olfaciory capsule, while
its main body roofs over the olfactory capsule. this bone

articulates with maxilla laterally and the vomer mesially.

THE AUDI¥ORY CAPSULE

The auditory capsule which is formed by the pro-
otic, opistho~o%ic, part of the supraoccipital and that
of the exocecipital is fused with the craniun at the
occipital region. ‘these bones together contribuie to the

formation of the cavum capsularis, the cavity in which the

membranous labyrinth is housed.
(figs.4.6.12)
the pro-obtic,is an irregularly-shaped bone forming
the anterior and the antero-ventral wall of the auditory
capsule, It is very little seen from the dorsal aspect of
the cranium as a considerable part of i% is overlapped by
the parietal, Antero-medially it ariticulates with the

parietal, positeriorly with the opistho~otic, laterally with

the quadrate and ventrally with the basisphenoid. The centrsl

part of the bone presents a concaviiy which is a part of

the cavun capsularis. Here the semicircular canals meet

the utraculus,

the auditory capsule is somewhat spherical in

17



shape and the pro-otic contributes mainly in its formesiion.

the other bones involved sre the opistho-otic behind agnd
the supraoccipital to some extent dorsally. the capsule,
however, is noi complebtely enclosed by the bony case as
medially there is a large gap occupied by the perilyuphstic

membrane, The cavun capsularis could be divided into the

large dorsal vestibular space lodging the utriculus and the
sacculus, and the swaller veniral cochlear caviity which
obligquely extends %o the guadrate and sccomodates the
cochlea and the legena. these two cavities are demarcated
from one another: by the presence of the cochlear crest.

At the snterior end of the vestibular cavisy there is s
small recess, the anterior ampullary recess, where the
anterior ampulla and the ampulla of the horizontal semi-
circular canal are lodged. In the bony frame-work of the
dorsal side of the vestibular caviiy is lodged the anterior
semicirculur cunal. The posterior ampullary recess formed
in the opistho-otic, lodges the posterior ampulla as well
as the, in its wall, the posterior veriical semicircular
canal. The aperture Ffor the éxit of the posterior
auditory nerve is actually not a foramen as it leads indo
the.vestibular cavity through a gap in the bony case of
the capsule a2t its medial side. the aperture for the
anterior guditory nerve, however, is & well marked foramen

in the pro-otic bone on its median faee. Phe fenestira
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ovalis is situaied on the outer wall of the pro-otic where

the columella aurig adheres %o the perilymphatic membrane of

the internzl eaxr.

+he columella auris is a slender, thin, rod-like

bone (Figell ) extending from the tympanic membrane to the

fenestra ovalis and forming a flat cartilaginous oval disc

at the external end by which the bone is attached o the
tympanic menmbrane. ‘fhe medial end of the columella which is

concave and cartilaginous fits into the Zenesira ovalis,

he columella is divisible into two parts, the columella
or the stapes and the exitra-columella or the exlra-siapes.
the latter which is outer consists of a flat oblong
cartilaginous disc with an eléngated proeess directed
downwards andpackwards, towards the articular end of the

quadrate, Tthis is the processus internus ventralis. whe

processus dorsalis of the extra columella is abseni,. the
columella and the extra-columella are also supported by a
thin membranous fold running ventrally along them snd joining
a ventro-lateral ridge situated in the itympanic cavity.

‘this fold is continuous with the lining of the tympanic
cavity. Yhe rim of the tympanic cavity to which the tympanic
membrane is gﬁtached is formed by the squamosal dorsally,
“quadratojugal anteriorly and by the quadrate ventrzlly and
posteriorliy. whis rim of the tympanic cavity postero-

ventrally is made even by a padding of connective tissue,
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as the bony element is deficien® there., In the case of
Varanus, and other lizards, however, the entire posterior
margin of the rim of the tympanic cavidy is f£illed up by

the depressop mandibulae muscle, 10 the facia of which the

tympanic membrane is attached there. 'the chorda tympani,

the branch ofhhe seventh nerve comes out through sn aparture
in the quadratojugal at its posterior end and then passes by
the anterior border of the tympanic membrane, runs downwasds
and finally enters the foramen in the méndible just anterior
to its articular surface. In the case of Varanus the chorda

tympani nerve runs along the posterior border of the yuadrate
and then enters the foramen of the mandible which is located

on the post-articular process.
THE BONES IN RELATION ¥0 +HE OP4IC CAPSULE

" fhe optic foramen in Lissemys is bounded only by
a few bones when compared %o the large number of the bones
that take part in that region in the lizards. In the case of
Lissemys the antero-dorsal side of the orbital fossa is bounded
by the prefrontal. On the dorsal side the fronial takes & small
part tc form the rim. Postero-dorsally the postfrontal or
postorbital of Siebenrock (1894) bounds the border of the
orbit. Postero-ventrally the Jjugal and the entire ventral and

parily antero-ventral sides the msxilla tske part in the



formation of the orbit. ‘fhere sre no supra-orbitals or
lacrimals gs found in the lizards.
4,6,9

the postfrontal (Fig§ ) or the postorbital consists
of a more or less triangular-shaped bone which articulates
with the frontal on its medial side and the Jjugal on its
lateral. Posteriorly it articulates with the parietal which
formg the partial roof over the deep recess of the orbital
fossa, thus protecting the Harderian gland present on the
posterior sidé of the eye ball, there is a single postorbital
on easch side as found in Varanus,

The jugal (Figgfxf4is a triradiate bone which
articulates anteriorly by & small asrticulating process with
the maxilla thus forming the posterior and the lateral
borders of the orbit. Dorsally the bone articulates with
thé lateral border of the parietal. The dorsal process with
which it articulates with the parietal merges with the ridge-
like elevation of the parietal. the posterior surface of
this process of the jugal foras the anterior border of the
emarginated temporal fossa, while with a veniral posterior
process which appear as a flat plate it articulates with
the guadratojugal. This union of the jugal and the quadrato-

jugel forms a transverse bur analogous to the zygomatic
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arch of mammals. This transverse basr brings about the

divigion of the primitive adductor mandibulae exiheErnus

muscle into two as is done by the zygomaiic arch of mammals.
A third process of the Jjugsl oetcurring veniro-medislly

agriticulates with the palatine,
THE OLFACYORY CAPSULE

the olfactory capsule of either side is situated
in the anterior region of the skull and is separated from
each other by a thin septum which is in coniinuation of
the interorbital septum. “he olfactory capsules are pierced
by the externsl nares ot their anterior ends. fhe olfsciory
capsules communicate with the buecal cavity through the
internal nabes which are separated from one another by the
median rod-like par®t of the vomer. The olfactory capsule
is surrounded by the prefrenﬁaikdorgallyg the vomer nedie
ally and the maxilla and the pre-maxilla ventrally and
laterally. the posherior part of the capsule which extends
to the base of the optic capsule is roofed over by a thin

membranous septum,

CTHR PALATE AND <©HE UPPER JA¥W

‘the palate and the upper jawlof each gide are

22



formed by the pterygoid, vomer, premexills snd the maxillia.
$,6.15

the pterygoid (Figs. ) is en irreguler bone more
or less flatihened on the outer surface; a thick part of
this bone slightly concave on the side articulates with the
guadrate. Antero-laterally thé bone articulates with the
maxilla, antero-medially with the palatine and medially at
the anterior half with the basisphenoid and at the post=
erior half with the basioccipital and the exoceipitals
Dorsally towards its posterior border it gets sréiculated
with the lower ends of the pro-otic and the opistho-otic
bones, while at its antero~lateral border i1t articulates
with the parietal. Hore or less in the middle 1% gets drawn
out into a process which bends dorsally and articulates
with the venitral and the lateral sides of the opistho-~oiic
and exoccipital bones respectively. By this union two foraning
are formed, one on the side of the exoccipital and the other
on the side of the quadrate. “the tenth cranial nerve pesses
through the first foramen snd the Jugular vein emerges oud
of the skull from the second one, rowsrds the posterior side
of the pierygoid bone on the ventral side there is a foramen,

the ¢grotid foramen, through which the carotid artery enters

the skull. The carotid foramen of the right side is wider

than that on the lefv. ‘the garovid foramen leads into the




carotid canal which eufves medially and joins with the fellow
of the other side. 1t is here that the two carotid arteries
form a loop resulting in an anastomosis. he pierygoid in
Lissemys is not movable as it is in Varanus snd it does not
show any ecartilaginous meniscus at the articulation with
the basisphenoid, Such a cartilesginous meniscus is present
in Varanus sid Sphenodon and is said 6 correspond to the
mesopteryzoid of the fish (Broom). the pterygoid in Lissenys
does not ariticulate with the vomer as is the case in Varanus,
Sphenodon,Uromastix, the Crocodiliz snd some Chelonia;

§,6.16,

Phe palatine (Figs ) is 'L' shaped when viewasd
from the anterior aaﬁect, with the vertical limb smaller. the
horigontal limb is plate~like and takes part in the formation
of the palate., ‘The vertical limb; the parietal process of the
bone, articulates with the parietal. ‘the horizontal plate
or the main body shows two slender smull projections, one a¥
the medial and the other at the lateral corners. The medisl
projection is the vomerine process of the palatine and this
part of the bone articulates wi@h the vomer medially. whe
projection at the anterior side on the lateral corner arii-
culates with the muaxilla. This projection is the msxillary
p_rocess of ‘the palatine. the maxilla overlaps the palatine
at the lateral border end articulates with it. Its lateral

side articulates also %ith the jugal, while the posierior

24



border articuledes with the pierygoid. the posterior border
has & broad projection at its medial side, the ptrygoid
process of the pslatine. The bone at its medial border
articulates also by a similar border with its fellow of the
other gide, On the verticeal, parietal process of the palatine

is preseni the palatine foramen through which the mexillary

branch of the £ifth nerve passes. The palatine does not
form the floor of the orbit as in Varanus,
5,13

the vomer (Figs. ) is a single bone found on the
ventral sidey on the mid-ventral axis in front of the
palax;ne and behind the premaxilla. this bone has four
‘projeotions at the anterior end. Of these four processes
two project-dorso-laterally, and they articulate with the
prefrontal. These are the preirontal processes of the
vouer, <vthe étﬁer w0 processes are more or less in the same
line as the longitudinzal axis of the bone and they project
anteriorly articulating with the maxillae, On.fhe venitral
side of the bone corresponding to the prefrontal processes
#here are two small but sharply-poinied projections which
are the posterior maxillery.processes of the vomer. As
already mentioned the vomer sepsrates the two internal nsres.
On the dorsal side of the bone is situated the interorbital
septunm,

(§igs. 4,5,¢,14)
The paired maxillae are the largest bones on the
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ventro-lateral side of the skull which forms the support
for the major part of the cheek, Fhe maxilla (Fig:.'miwis
more or lkess triangular in shape with a number of articu—
lating projections. It takes part in the formation of the
olfactory and the optic capsules, It mrticulates in front
with the premaxilla, On the veniral side at the anterior
end it has a vomerine process with which it articulates
with the vomer. At the posterior end on the ventral side
it sriviculates with the palatine medially and the ptlerygoid
at its outer side, At fthe lateral side of the posterior
end it articulsies with the jugal. At about one-fourth its
length from the anterior end is a vertical process dirsected
towards the prefrontal, “his process has a septum at its
inner aspect which separates the olfactory capsule fronm
the optic one. this vertical process is the prefrontal
process of the maxilla, There is a foramen on the body of
the maxilla just behind the vertical process, through
which the maxillary branch of the £ifth nerve anters the
bone, On the lateral border of the ventro~lateral surface
there is a sharp ridge forméd; the ventral as well as the
lateral suriface of this ridge is covered with the
rhamphotheca. The ventral surface of the rhamphotheca
possesses small transverse ridges throughout.

“he premaxillae (Fié?fws of the two sidesare fused

together to form a conical small bone which fits in the
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wedge-shaped gap of the mamillae in the front. ‘this bone

is covered completely by the horny rhamphothecas
THE SUSPENSORIUM

The suspensorium in Lissemys is formed by a
large quadrate supported by the squamosal posteriorly

and the quadratojugal anteriorly,

Ei6q, .
The guadrate (Figs. ) is a massive irregular..

bone gituated at the postero~lateral end of the skull:
On its lateral side there is a wide end deep concavity,
the tympanic cavity. In the tympanic cavity of the quadrate

there is an aperture through which the columella auris

attaches itself wiith the internsl esr. As mentioned before,
at the postero-ventral paxrt of the inner side of the Lympanic
cevity is present s bony ridge to which a thin membranous

fold supporting the columella auris is attached, 2he

quadrate articulates anteriorly with the quadratojugal,
dorgsally with the squanosal and mesially with the pro-otic,
pterygoid, and opistho-otic. Venitrally there is an articular

surface; the condylus mandibularis, with which the mandible

articulates,

4,5,6,19,
The squa_mosals (Fig. ) are also irregular bones



each having a deep groove on its vent;al side at the anterior
two-thirds, while the posierior one-third istlaterally Tlatt-
ened pari, ‘the gr&ye part of the bone shows a curved border
which forms the upper side of the tympanic cavity. The bone
overlaps the dorsal border of the gquadrsie. Anteriorly it
articulates with the quadratojugal, ventrally with the
guadrate in front and the opistho-~otic behind, Its flattened
facey; the posterior one-third, is curved like a sickle and

provides a large srea for muscular attachment,

4,5,6,'5,
Yhe quadratojugal (Figs. ) is a laterally flattened

bone having a broader part ab its posterior end. the
posterior end shows ¥wo processes, a lower pointed one and
an upper broad one. ‘the Former process articulates with the
guadrate, while the latver one with the squamosal,
Anteriorly it articulates with the jugal at its lateral
side. As already mentioned the quadratojugal in association
with the jugal forms the bony bar which is analogous to the

zygomatic arch of mammals,

“he supratemporal and the epipterygoid bones found

in Varanus, are absent in Lissemys.

PHE LOBER JAW

The lower jaw (Fig.20') is a massive, laterally
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flattened structure comp;etely fihsed with its fellow of the
opposite side at its anterior end. ¥ach ramus consists of

six bones the dentary, the splenial, the angular, the supra-

R
26,9,

‘Yne dentary (Figs. )} which is the largest bone in

angular, the coronoid and the articular,

the jew fuses with its fellqw of the opposite side forming
and acute angle at thie point of the union in froni. Its
inner side is lined partiglly by the angulsr, and the splenial,
On the outer side it{ presents a number of foraminz towards
its anterior half. Of these the peoat posterior one is the
mental foramen through which the mental branch 6f the
inferior alveolar nerve emerges out and ithe course of this
nerve is thréugh a long canagl within the body of the bonec.
On the inner side it presenis a groove narrower anteriorly
but gradually broadening posteriorly. the narrow parts of
the grooves of the either side meet together anteriorly into

a medial sulcus cartilaginis Heckelli. The Meckel's cartilage

is embeé%d in this groove. The posterior end of the dentary
elmost extends as far back as the posterior end of the lower _
jaw. the upper end of the dentary is flattened at its
posterior half and the entire upper border suppobts the

rhamphotheca,

the gplenial (¥ig.2%) is an irregular bone of the



inner side at the posgterior end of the lower Jjaw. 'this bone
partially covers the dentary, the supra-angular and the
articular. It covers also The foramen through which the
mandibular nerve enters the mandible.
20,1%

the angular (Figs. ) is a wedge-shaped,splint-like
bone pointed snteriorly and flatiened posteriorly. I%
covers the dentary and the articular bones. 7The upper
border of the anterior two-thirds of the angular forms the

lower posterior boundary of the sulcus cartilaginig Meckelii.

+vhe entire lower horder of the angular becomes confinuous
with that of the dentary, to form the lower border of the

mandible.

The supra-angular (Figs4 which is. situated on
the outer side at the posterior end of the mandible,
articulates with the dentary at its anterior border, while
the posierior end is free zand depressed 4o form an
articulating facet for the convex outer tubercle of the
quadrate. ‘he bone articulzites also with the articular
on its inner side. %he slight backward projection of the
mandible behind its srticular surface is compounded by
two bones,; a projection of the supra-angular outside and
an extension‘of the articular inside. On this projection

at its outer side the depressor mandibulae muscle is inseried.
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! . &o, 2%
the articular (Figs . ) is a small bone zalmost covered

over on its ouier as well =s on its inner side. The supra=
angulaer c¢overs it on the outer surface, while ithe splenial
and the angular do so on the inner surface. ‘the bone is most
exposed on its dorsal border. At the anterior end of this
surface is an articulating facet with which the inner

tubercls of the quadrate articulates,

The coronoid (Figse.red is more or less a triangular
bone situated on the upper border of the mandible just in
front of the supra-angular, 1% fits in as a2 wedge in the
noteh Tformed on the upper border of the dentary. the
upper border of the coronoid on which the femporalis
muscle is inserted projecis upwards. the ccronoid forms
the anterior boundary of the mandibulsar foramen, whilc
its posterior boundary is formed by the supra-angulzr

and the splenigl.

tHE FPORAMINA AND OPENINGS IN THE SKULL

Dorsul sides=

the prefrontal foramina:~ +here are seven foramina
on the prefrontal bone, of which three are prominent.
through these foramina pass minute blood vessels and the
branch of the superficial opthalmicus nerve to the region

of the snoui,



The Postorbital foramen:—~ On the dorsal side near
the outer border of the possy_orbital bone, the postorbital
foramen is situated. ‘through it passes a winuite branch of

the mexillry nerve of the trigeminal nerve.

the dorsal pro-otic foramen:- On the dorsal side
of the pro-otic bone at its .lateral horder this foramen is
gituated. Through this the branch of the seventh nerve
te

comos on the dorsal side of the skull innervate the

vemporal and the masseter muscles.

the antverior narial opening:- In front oi the skull
there is a single foramen, It leads into incompletely

divided nasal chanbers, and serves as the external nares,
Ventral side:=-

the inter-maxillary foramen:- A% the anterior end
of the venitral side of the skull, between the two rami of
the upper Jjaw this foramen is situabted. It is bounded by
the premaxilla anteriorly, maxilla laterally and vomer
pogteriorly. 1% connects the roof of the buccal chamber with

the nasal chamber, and the Jacobsen's organ.

Tthe posterior narial openings:~ ‘there are two large

openings separated by the slender rod-like part of the vomer,
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It 4is bounded by the vomer anvero-medially, maxilla antero-
lateralliy and pslatine posteriorly. "hrough ‘these openings

e nasal chawbers open into the buccal chamber,

*he anterior palatine foramina:- “here are wwo
or some tinmes three foramina on the antero-iznteral side of
the palatine, 0f these openings the arteries from the
tuccal cavity enter the skull %o supply blood %o the floor
of the cerebral hemisheres, and anteriorly 1o the nasal

capsules,

The carotid foramen:- this foramen is situated
at the posterior end of the plerygoid bone. through id

the internal carotid ertery enters the skull,

The jugular foramen:- On the median posterior
gide of the quadrate there is a large kidney shaped
foramen through which the internal jugular vein energes
out of the skull along with the branch of the seventh

ana the entire ninth nerve.

the posterior lacernum:- this foramen is
bounded by the pterygoid venbtrally, opistho-otic laterally
and mesially. through this foramen the tenth, eleventh

and the twelvth nervesemerge out of the skull.
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the exoccipltal foramina:- ‘there is a pair of .
foramina on the side oi the exocclpital hone through one
of which the occipital artery enters the skull and

through the other the ocecipital vein emerges out.

The internal palatine foramen:~ At ‘the buse of the
vertical part of the palatine there is a foramen through
which the branch of ‘the internal carotid comes out of the

skull and eniters the opihic region.

TYhe foramen ovale:- On the latersl side of the
skull there is a large oblong foramen through which the
branches of the fifth, the sixth and the seventh nerves

encrge out of the skulls

the foramen magnum:; this foramen as is well
known is the largest foramen ithrough which the spinal
cord eumerges oubt of the skull. It is bounded by the
supraoccipital dorsally, the exoeccipitals laterally and

the hesioceipital venirally.
PHE HYQID

(+9.23) )
She hyoid is well-=developed in Lisseuys and

consists of the hyoid proper and the remnants of the



£irst two branchial arches. A basilingual plate representing
the fused part of the veniral ends of the hyoid and branchial
arches of the embryo as a couposite piece iz not formed in
Lissemys. On the ofher hand it consisis of six elenments
articulated to one another as in Cycloderma. rheme elements
are grranged symetrically on either gide and can be indivi-
Qually sepevated from one another. In Chelone and irionyx

a composite basilingual plste is formed. Fhe anterior end
;cf the hyocid is drawn outl into é pointed struciure which

is eartilaginous and t0 which e veniro-laterally is
attached she cartilaginous plate, the hypoglossum. the
lateral processes of the hyoid proper are ossified. Those

of the first and the second pair of branchial arches are
2lso well-ossified. the dorsal surface of the hyoid is

grooved into which the traches and the gloviis are lodged,

“he anterior cornu, the process of the first
branchial archh is smaller than the posierior one. Both
the cornua are well~ogsified. The posterior cornua in
Yestude and Chelone zre flattened and cartilaginous and
are much smoller than the anierior ones. In frionyx,
however, though the posierior cornua are smaller than the

anterior ones, they are well-ossified.

fhe anterior cornus sriticulate by ligaments with

the pogsiterior ends of the sguamosals of their respeciive
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sides. ‘the posterior cornua are not associated with the

skull, but are free at their distal ends,

THE VERYBBRAL COLUMK

The vertebral column in Lissemys may be convenie-
ntly divided into four regions, the cervical, ’r;runkB sacral
and the cau@al. The cervical vertebrae distinctly differ
from those of the trunk in not having the transverse
processes or ribs and in being free from the carapace and
thereby affording sufficient scope for the intervertebral
movements. ‘the caudal vertebrae too are free from the
carapace and they are also capable of intervertebral
movenmenis. they, however, differ from the cervical ones
in possessing the transverse processes., the trunk vertebrae
are fused with the neursl plézés of the carapace and 's0
are incapable of any intervertebral movements. The ribs
joining the trunk vertebrae are fused with the costal
plates. whe costal plates in turn sre fused with the neural
plates with which as slready mentioned the trunk vertebrae

are fused,

The cervical veriebrae:- In Lissemys there are
eight cervical vertebrae as found in other chelonians, znd

several ligaerds. Sherfeldt (1921) tried to show that there



are nine cervical veritebrae in Chelonia instead of eight
by considering the loosely articulating odontold process

of the axis as an undeveloped or a modified vertebra.dMany
other workers nemely Owen(1866), Gumther (1886), Boulenger
(1889), Reynolds (1897) and most of the modern authors
mentioned eight ag the number of the cervical veriebrae

in Chelonia, while ithe loosely-articulated odontoid process
of the axis 1s not regarded as a degenerate vertebra. The
cervical verdebrae progressively increase in girth from
anterior to the posterior region. Boulenger (1889) mentions
that there are eighi cervicsl vertebrae in Chelonia
generally 'and that they show four different btypes of centra,
SOme concavo-convex, sSOme convexo-concave, some biconvex

and others biconcave.in Chelone mydas the second and the

third cervical veriebrae have ithe opisithocoelous type of
cenvra, the fourth biconvex typey, the f£ifth procoslous,
the sixth again procoelous but having the posterior ramee
flat, articulating with & similer Tlat% anterior end of

the centrum 6f the seventh cervical. i#he posterior fuce
Qf?geventh vertebra pcasesé?two convexitics which £i% into
two concavities of the anterior end of the eighth cenirum
(Reynqlds, 1897). Almost a similar condition of articulat-~

ion of the ceryical veriebrae is seen in Emys europea

(Owen, 1866). In Lissemys, however, the centra of all the
cervical vertebrae are gimilar in mitructure in being

opisthocoelous.
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2¢,27,18 ‘
In a typical cervical vertebrad (Pigs. ) the body

consists of a well-developed opisthocoelous centrum with
neural arches. +he neural arches present typically two pairs
of‘fhe sygapophyses of which the anterior possesses the
articulsting facet on the dorsal side, while the posterior
pair has them on the veniral side, thus enabling the
posterior azygapophyses of one vertebra to ariiculute with
the anterior zygapophyses of the next vertebra. the
posterior gygapophyses are more extensive than the anterior
ones. “the diapophyses are present as a pair of
protruberances of the centrum of the vertebra in front,.
Kone of the cervical verisebrae except the axis which has

& small spine at the anterior nart of the mid-dorssl line,

possesses the neural spine.

the atlas, (Fig.24) however, is much modified and
consists of three parts, a pair of neurgl arches and a
single inferior arch. ihe neural arch ofzgflas is divisible
into two parits, a dorsal and a veniral. the ventral part
is almost a vertical bar called the pedicel and tThe dorsal
one which is Flat and curved inwards to meet its fellow of
the oppogite side, forming the roof of the neural canal is
called the lanina. The neural serch is joined with the
lateral horn of the inferior arch by the free end of the
pedicel. ‘there ave three ariticulating shallow concavities

on the anterior side of the atlas, a pair on the pedicel
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and a medisn. one on the inferior arch. With these concavi-
ties the tripartile occipital condyle of the skull gets
articulated. The laminae of the atlas have a pair of
backwardly directed processes which form the well-developed
posterior gzygapophyses which articulate with the anterior
zygupophyses of the axis. At the region where the lamina

is domzrcated from the pedicel,va membranous septum runs
trangvergsely which serves as the floor of the neural canal.
vthe posterior face of the pedicel and also that of the
inferior arch show articulating facets with whiqh the

odontoid bone with ils corresponding surisces-articulates.

The odontoid process (Fig.25) of the second
vertebra is joined with its cenirum by means of a loose
ligamentous connection, this loosely connected odontoid
bone in the Chelonia has been the subject of controversy
as to whether it is really the odontoid bone or it is
only 2 modified or reduced gmzis vertebra, As already
pointed out Sherfeldt (1921) had suggested that it is a
modificd axis vertebrs and thet there are nine cervical
vertebfae in the Chelonia instead of the usal repiilian

number, eight.

the seventh cervical vertebra, (Etg. ) though
opisthocoelous, the convexity in the front shows a slight

depression in the middle line giving the appesrance of &



double convex anterior end. Moreover, the posterior face
'Of the centrum has two widely separated concevities into
which the two corresponding convexties of the anterior
face of the centrum of the eighth veritebra fit. ALl the
other parts of the sevenih veriebra are typical. With
the exeeption of the first, the eighth, the last cervical
vertebrap, 16 the broadest and the shortest of all the
cervical vertebrae. This vertebra is much modified being
broader and thicker with two convexities anteriorly and
truncated posteriorly, the posterior erticulation of the
centrum of the eighth vertebre with the first trunk
vertebra is dispensed with in order to effect a complete
bend of the neck in ‘this region in order to facilitate
the retrzection of the neck under the shell. +the anterior
pair of zygapophyses of the last cervical vertebra is of
a normal type but the posterior is much enlarged aznd
shows deep concave surfaces which lodge the cgnvexiﬁies
of the anterior pair of gygapophyses of the first trunk
vertebra. ‘this joint is evidently quite sitrong as the
whole neck is connecied with the trunk at this point.
he neural arches of the last cervical veriebra are very

well-developed and enclose a larger neural canal which

allows free movement of the vertebra without injuring she

1)
nerve cord,any way through fricticn,

Gunther (1886) states that there are twelve
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dorsal (thoracic) and two sacral vertebras. Claus (1885)
says that generally in all chelonians there are ten thoracic
‘vertebrae, but only eight thoracic and three sacral

vertebrae in Cesiudo europea. Owen(1866) mentions that

there are eight thoracice, one lumbar and itwo sacral

vertebrae in Bmys europea. Reynolds (1897) accounts for

ten thorscic, Jwo sacral and no lumbar vertebrae in

Chelone mydas. On account of the close similarity of the

vertebrae, it is perhaps correct to state that there are

no lumbar vertvebrae in the Chelonia,

in Lissemys there are nine thoracic or trunk
vertebrae (Fig.1 ) and 2all asre fused with the neural
plates as stated before. the cenitra of these verﬁeﬁrae
are dorsi-ventrally flattened and ariviculate with each
other by flatiened surfaces with no possibility of any
intervertebral moveuents. On the flattened and nmassive
centrum there is & pair of neural arches which unite
dorsally and Torm g spaceous neural caznal. There are no
gygapophyses on any of them except the first trunk
veriebrae, the trunk veriebrae huve each a palr of ribs
‘attached to them at the level of the initervertebral
joint. the ribs are so attached that they aré par+ly
associated with the posgterior half one centrum and the
anterior half of the nexd. The ribs corvegponding o the

first $runk veriebra are, however, very slender and
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rod-like and arve attached to the middle of the centrum.
vhese ribs extend obliquely backwards and merge with the
anterior border of the. second pair of the ribs. The other
ribs are fused with the over-=lying costal plates of the
carapace, ‘the ribs ave fused with the carapuce, and the
intercostal muscles have lost their the usual position.
Hence there are no costal wmovements. ‘he neural plates
are not fused with the ribs and as a resuli a gap is left
between them and the ribs. through this gap passes the
reduced‘izgggggggas muscles of the trunk. rhey are the

only remnants of the vertebral muscles of the trunk

Tegion. as the others are lost,

The two sacral veriebrae (Fig‘i—j are more or
less firuly Jjoined together. ‘the neural spinal region
of these veriebrae does not fuse completely with the
carapace., there is a pair of short ribs loosely ankylosed
with each of these vertebrae. The distal end of these ribs

articulate with the ilia.

The caudal vertebrae in Lissemys(Fig.yt ) are less

in number thaen in other chelonians Viz., Buys europea or

Chelone mydas, so much so that the tail of Lisgseuwys is

much reduced. there are usually eleven caudal veriebrae

- in this animsl but the number may vary from eleven %o



fourteen, the cabdal veriebrae are opisthocoelous. the
proximal ones have short sbumpy ribs, which are loosely
articulated with them, while the distal ones do not bear
any ribs, but possess processes which are unossified
transverse processes; They have well-developed neural
arches and also neural spines; the neural cansl extends
upito the last but one vertebra. the last caudal vertebra
is Flatviened and ossified without any neursl archn or
transverse processes; It serves only for the atitachuent

of the caudal muscles;

THE PECHYORAL GIRDLE AND THE SKELERON OF THR FORULIUBS

*he pecloral girdle in the chelonis occupies
a peculisr position in the body in being ingide the bony
shell under the ribs, while in other tetrapods it is
always outside the ribg. Algo the iwo girdles do not aeetd
in a sternuim as in most odther tetrupods but on the other

hand merge with & plastron bLalow.

“he givdle in lissemys (Fig.31) as in other
cheionians has a triradiatc sirucituve. the scapula (Fig.3 )
is rod-like and tapers ot its distal end Yo which is
atltacned = small caritilaginous suprascapula that

articulates with the carapace at a level belween the
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firgt and the second thorsacic vertebrae. The scapule is
atvached to the over-lying costal plate and the vertebral

column by a thick ligament,.

A long process which projects towards the ventral
gide is regarded by Owen as the acromial process (represe-
nting the calvieular process of the ac%pula), while

19,51
others regard it as the precaracoiéi%;eynolas,1897)o
This process is cylindéricel st its proximal end but later
flattens out dorsi-ventrally at the distal half which
terminates in a small cartilaginous plate which gets
attached to the entoplastron by a thick iigamen%. The
size of the precoracoid in relation to that of the scapulsa
also varies grestly among the cheloniaﬁs. It is shorter
than the scapula in Testudo, but longer in ILissemys,
Trionyx and Ghelysa It serves however, .2s a very important
bone in all cheloniasns for the attachment of the girdle

miscles.

the coracoid (Fig.31 ) which is also well-
developed in this animal, is somewhat cylindrical at its
proximal end but flsttens oni distally.At its distal end
a fairly well«developed cértilaginous epicoracoid is

present. '*he coracoid and the scapula join with each other



at their proximal end to form the glénoid cavity. The
precoracoid is zlso connected with the coracoid at their
free ends by meansg of a ligamentous sheath, the acromio-
coracoid ligenent, the flattened blades of the coracoid
and tﬁe precoracoid serve as srea for the origin of

some of the girdle muséles. The coracoid in Testudo
elegans is coumparatively shord, while that in Lissemys,

Trionyx, Chelys and Chelone is long,.

As & result of the entire girdle being shifted
below the ribs, under the cavapace, the humerégwi§¥gent.
A bend of the humerus has become necegsary to project
the 1limb out of the bony box and to allow it to have
free play. The proximal end of the humerus bears =a
hemispherical head which projects upwards and f£its into
the glenocid caviiy, By the side of the head of the
humerus there are the lesser and the greater tuberosities.
Between these tuberosities and the head, on the ventral

side of the bone is present a congpicuous depression

in which the deltoideus muscle is inserted, The disial

end of the humerus which is flattened and broad
grticulates with the radius medially and the ulna
laterally.

33‘54 . ({{33:33, 342
The ulna (¥igs. ) is shorter than the radius and



is also brosder at both ends. the proximal end of the ulna
shows a slight projection-at its outer side, the olecrancn
process. Zhe radius and ulna in Lissemys zs in otvher
chelonians are slender, and rod-like, and iwisted so much
that their natural positions are altered. this ghifi in
position has affsected the arrangement of the forearm
mugceles in this region. the radius and the ulna articulaie
(£igs. 33
with the carpal boneg which are arranged in Lwo rows with
the cenirale and interiedium between them. The disial
row 0r the carpal bones are Tive which arviculate with the
metacarpals.
(4igs,3%,34)

the first metacarpal, is very short and has a
well-ldeveloved,broad,articulating surdface adt its proximal
end,while the second, third and fourth are elongasied
slender boness the £ifth one is slignhily longqr than
the first one, The proxinmal aritieulating surfaccs of the
metacarvals eve concave, while the distal ones are

ConveXs

the Tirgt digit (Figs9 has itwo phalanges of
which the distal one iz pointed at its free cend and
bears a large cluw. “he second and the third digits have
three phalanges each and their twerminsl digits gsre also

pointed with well-developed claws. vhe fourth and the
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fifth digits have four phalenges each but their terminal

ones are nov pointed and are devoid of claws.

THE PELVIC GIRDLE ABD THE SKELETON OF 2UE HINDLINBS

Like the pecitoral girdle, the pelvic girdle
(Fig.35) is also trirediste and shified to the interior
of the body shell. Of the three bones, the pubis and
the ischium are flattened bones at their distzl ends.The
Two pubic bonegigﬁé Jjoined with one another at their
symphyses and they together coniribute o the formmeition
of the cartilaginous plate, the epipubis, anteriorly.

Antero-laterally the pubic bone has s wing-like flat

process similur to the processus lsteralis of Uromsstix

{George,1956). The flattened out pubic bone with

well-expanded prodegsus laterslis gives a lurge area

for ‘the attachment of the pelvic muscles.

The ischium (Fig.>5 ) is smaller than the pubis
and like the pubis, the ischia join in a symphysés. At
the posterior border of the ischial symphysés there is
& cartilaginous epi-ischium similar to the epipubis

but very much smaller in size. The spina ischii asre very

feebly developed and arve much heerer bto the ischial

symphyses compared to the spina ischii of Trionyx and
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Uromastix which are zt the outer side near the acetabulum.
‘"ne ischium also shows a lazterally-directed zpiny process
on the anterior border. Such a spiny process is not
present on the ischium of Yesltudo or Geomyda or Uromastix.
The ischial symphysés does not extend anteriorly to meet
the pubic-symphygés so as to formi;bﬁurator foramina
separate from one another as found in Testudo or Emys,

but instead there is a single; confluent oblurator
foramen. Such a common foramen is also presend in Trionyx.
There is no epipubic or hypopubic bone as found in

Uromastix (George,1956).

The dilium (Fig.35) is a curved slender bone, s
'tﬁe scapula. It also tapers down from the proximal %o
the distal end. [t articulaebves with the carapace dorsally
and with the sacrul ribs medially. All the three bones
of the pelvic girdle %ske part in the formation of the

acetazbulun.

The femur (Fig.3¢t ) is longer than humerus and
shows & bend as seen in the humerus but to & lesser
extent. The head of the femur is rounded and slightly
oblong and by its side there‘ére two side processes,the
greater and the lesser trochanters as present in the

mammals, unlike in Uromastix in which there is only one,
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the greater trochenter (George, 1950). The shait of the
bone disgtally becomes gradually flattened and the
proximal ends of the tibia and fibula articulate with it.
The distal artieulating surfuce of the femur is
bicapitate; the lsrger of the heads articulates with the
$ibia, while 3he smell oulter one articulstes with the

fibula, .

The tibia and fibula (Figwy) are more or less
straight slender boneg; the tibia is stouter, while the
fibula ithe more flatiened and curved of the two. At the
niddle of the fibuls there is z small process 1o which
a thigh muscle gefs inserted.

(§ig 37,3%)

In Lisseuys the number of tarsal bones is Tfewer
ag some having got fused with others. The first row of
tarsals whieh normally consists of the fibulare, ﬁibia;e
and the intermedium are represented by a single structure
which perhaps may include also the centrale, But by the
inner and outer sides of the gsow-cuolled fused Larsus
there are two cartilaginous pieces which could be easily
separcied from ik, Perhaps these car%ilagé?giements(FHL”JW
reprosent the tibiasle and fibulare, and if this view is
correct, the compound tersus consists of only the centrale

and the intermedium, 'The second row of tarsals consisis



of five bones of which the fourth znd thes L£ifth are

larger than the others. In this asnimal the arrangement

of the first{ row of tarsals differs from that in Chelone

nydas in which it consists of a distinet Iibulare and

a fused piece made up of the $ibiale, intermedium and
centrale, The second row of tarsals does not show any
difierence asg it consisis of Live elements in both the
animals, There are five digits and each one articulates
with its corresponding metatarsal. The fourth metatarsal
is the longest. The first digit has two phalanges, the
second and the third three, ‘the fourth foui, and the

f£ifth two. The terminal phalanges of the first three

digits are poinied and they alone provided with claws.
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DORSAL VIEW OF THE CARAPACE
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$HE MUSCULAR SYSiBEM

In the year 1892, Perrin, commented in his paper
that, " Si on ouvre un livre d' Anastomie comparée on est
immédiatement frappé du peu de developpment donné a la
myologie comparée #, dhis was reiterated by Romer in 1942,
Since then many valuable contributions in myology have been
made by Howell, Appleton, Romer and Haines and as a result,
our picture of the phylogeny of the vertebrate musculature
is today much clearer. Nevertheless, compared 1o the nyology
of mannals our knowledge of that of reptiles ig quite
Tragmentary indeed, Amoﬁg ‘the various reptilian groups again,
the Chelonia are very highly modified and among the host
of changes undergone by them to attain ;%; present status,
those of the muscular system have not been in any way less
remarkable., A detailed comparstive study of the muscula-
ture of %hg heady; neck and trunk of some of the common
indian chelonians has been carried out, In addition the
myoclogy of ihe limbs of Idssenys was studied and i% is
envisaged t;:%g; other genera also later on ., the task
was rendered difficuld by the general lack of pertinent

literature, and more so on account of the confusion that

-
prevails in the nomenclature of the mus_cles.
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MUSCILESs OF +HE HEAD AND HECK

the gdductor mandibulse in the lower tetrapods

consists of three muscle masses, acting as the adductor

of the lower jaw, the adducior mandibulae externus,adductor

mandibulee medius and the adductor mandibulzse internus. In

Bestudo and Lissemys, the adduchor mandibulae externus
29,40, 42,185,457
(Fig. ) is a powerful muscle concerned with the movenents

of the lower jaw. The muscle has a wide-gpread origin
from the inner surface of the squamosal, the ventral as
well as the lateral surface of the éﬁpraoccipital crest
and also from the dorso-lateral part of the parietal. The
fibres arising from the sqamosal decussate with those
from the supraoccipital and parietal and finally become
one single muscle mass which turns downwards through the
vacuity Igenmed vy the emargination of bones, to get
inserted on ‘the coronoid process of the mandible. the
vaculldy in the skull is bounded on the lateral side by a
%ﬁansvarse bony bar, the jusulequadrate bar, consisting
of the jugal in front, the guadrate behind and the quadrato-
jugal in the middle, this bony bar which is analogous to
the gygomatic arch of mammals is also present‘in Ligssenmys

4o .
. . ) oot
and irionyx. Fhe adductor mandibulae externus in Westudo’ ¥ 447

passes behind the jugulo-quadrate bar, while in Lissemysifiss 31,43)

it is split at the level of this bony bar inte two muscles,
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a lower and ouber, the masseter, arising.from the jugulo-
guadrate bar and inseried on the lower edge of the mandible,
and the upper and the inner-par$, the temporalis, arising

from the usual place of origin of the adductor mandlbulae

externug ag seen in ‘Pestudo, 0 be dingerted on the covonoid
process of the mandible. Thus the temporalis and the
magscter muscles in Lissemys are derived from fthe primitive

gdductor mandibulae externus {(George and Shah, 1954). In

the mammals too the gygomatic avch effects the fornadtion
of the two muscles, the temporalis and the masseter

from the adductor mandibulae exiternus (Quiring, 1950).

Inspite of the fact that the jugulo-gquadrate bar exists
in the restudo and Emys (Owen, 1866),; the primitive nature

of the zdductor mandibulae externus is still retained.

the masseter and the demporslis muscles of Lissenmys

(which are derived from the primitive adductor mandibulae

EEEEEE&E) as well as the adductor mandibulase externus of

Pastudo are innervaited by a branch of the ¥rigeminal nerve.

the adductor mandibulae medius in Testudo and

39,590,492
Lissemys (Figs. ) arises from the ventro-luteral pars

of the parietsl, postérior part of the pro-otic and also
from <the inner anterior border of the quadrate. All the
fibers converge and form a tendinous part which gess

inserted on the coronoid process of the mandible.



- 59,4974
The zdductor mendibulse intzrnus (Figs. ) in

PTestudo ig similer to that of Lissemys., 1t has a wide
range of origin namely Lfrom thg anterior inner border of
the jugal, posterior border of the mexills, outer border
of posterior end of the palatine snd the anterior outer
border of the plerygoid., It runs backwerds and downwards
towsrds the articular bone of the mandible where it gets
inserted Ly & thin tendon.

29, 40,43%,957
The depresgsor mandibulse (Figs. ) which ucts ss

a depressor of the lower jaw arises from the outer
surface of %the squamosal snd proceeding downwards gets
inserted on the lower border ofi the ahgularo This musgle
in Lissemys unlike in Testudo consists of two parts an
anterior and a positerior one; The fibres of Both the parts
decussate and run downwards 4o gain their insertion on

the mandible,

. 40,43, 45"
The intermandibulavis (Pigs- ) of Testudo is

alsgo similar to that dn Lissemys, is the most superficial
muscle on the ventral side of the head and extends from
the entire lower border of one side of the mandible to
the other. It has a median zponeuroitic raphse which is
attached posteriorly to the hyoid. On contraciion of this

muscle the Tloor of the buccal cavity is lowered, and
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raised on relaxation..

39,43.457
the ¢onstrictor colli (¥Fig$ ) which foras the

superficial shesath of muscle on the laterzl and the ventral
sidegs of the neck arises in itwo parts in tesitudo, An
agnterior one originsies on sach side, from a median
sponeurosic raphae_on the mid-dorsal line of the neck a%
the level of the atlas and axis, The more extensive
posterior part takes it origin from the lateral side of

- neural arches of the second to the sixth cervical
vertabrae. The fibres of both the parts run laterslly
downwards and form a continuous flat muscular shesth

over the lateral and ventiral sides of the neck. Thereseftier
the fibres on one side of the anterior part and those

of the anterior half of the posterior part of the same
side meet the corresponding ones of the opposite side in
the mid-ventral line %o form a thin tendinous raphae. The
fibres of the rear half of the posterior part with those
of the opposite side become continuous with an iniermediste
aponeurosis., This gponsurosis in ithe median plane on the
ventral side is in continustion with the f£ibres of the
anterioy half of the muscle, In Lissemys, however, this
muscle consists of only one part which arvises from a
Tairly broad, membranous apoheurosis on the dovsum of

the neck with the fibres of the anterior half running



laterally downwards and turning 1o the ventral side of
the neck to meet those of the opposite side through a
comnon median raphae, while the fibres of the posterior
half converge towards the posierior border of the raphase
on the ventral side. A feow posterior fibres that f£ail to
reach the raphae become aponeurotic and fuse with the
eponeurcosis formed by those of the opposite side. S50 in

Testudo as in Emys (Owen,1866) $the coanstrictor colli

forms & more or less complete muscular envelope of the
whole of the neck, whereas in Lissemys it is resiricied
only to the anterior half of the neck. This difference
in Lissemys is evidently due %o the longer neck whose
versatile movements would otherwise be restricted if
this muscle did cover the entire neck as in the other

two.

1The branchio-mandibularis in Yestudo is similar

T S e .
to that in Lissenmys as it (Figs. ) arises from the distal

end 0f the anterior cornu and running anteriorly gets
ingerted on the lower border of the angular and the

posterior part of the dentary.

the geniohyoideus (Figss«), As in Lissenmys this

muscle in Testude arises from the inner border of the

mandibular symphyses and after running posteriorly some
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of the fibres decussate with those of ithe other side in
the nmid-ventral line $ill the level of the basihysl.
After this it runs obliquely backwards and ;QQards and
£inglly geits insevted on the ceratohyzl and the anterior
border of the proximal end of the aniterior cornu of its
own side. As in Lissemys it brings aboui the movemenis
of the tongue and the hyoids

’ 43,45
The genioglossus (Figs. ) an elevator and

protractor of the hyoid is & single muscle in %estudo
arising from the anterior lower border of the dentery

and geins insertion on the latersl process of the basihyal.
in Iissemys (Fig.q3), however, it consists of two distinet

muscles, the genioglossus exiternus and genioglossus

internusg, the former having a similar origin,course und

insertion ag that of the single genioglossus of Tesiudo,

but the latter,though has the same origin, has its inser-
tion on the anterior border of the promimal end of the
anterior cornu. These two muscles in Iissemys, must have

been derived frowm a composite genioglossus muscle

probably to facilitate the greater throat movementis seen

in +this animal,

The hypoglossug (Fig.43) arises from the ventro-

lateral and veniro-maedisl borders of the distal end of the
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anberior cornu and %the fibres gel inserted on the latersl
process of the ceratohyal in Lissemys, while in 'Pegtudo
it arises from the entire anterior border of ihe anterior
cornu and gets inserited on the body of the ceratohyal.
the muscle acts gas a depressor and retractor of the hyoid
even thoggh its origin and inserition are different in the

Iwo aninels,.

the hypoglosso~glossus and the hypoglosso-hyoideus

are the muscles concerned with the movements of the
songue and they are found only in the Chelonia and nod

in any other group of reptiles. They arise from &
cartilaginous plate, the hypoglossum, silugted under the
tdnguea the hypogleossum is g unigue siructure found only
»in she Chelonia, which in Yestudo is smaller than the one

found in Lissenmys. the hypoglosso-glossus arises from the

lateral wargin of {the hypoglossum and is ingersed on the

hyoid. ‘the hypoglogso-hyoideus erises from the dorsal

median surface of the hypoglossum and is inserted on the
hyoid. We had veniured o name these two muscles as such
(George and Shah, 1954), since we had not come across ahy

mention of swch muscles anywhere.

‘the intercornuatus (Fig$315) which is responsible

for the intsrcornusl movemenis is a thin meuwbranous

musele connecting the two cornua. Its fibres run somewhatd



obliquely outwards from the posterior border of the
anterior cornu to the anterior border of the posterior
cornu. As the posterior cornu in Yestudo is very small
coﬁpared to that of the Lissemys, this muscle in tegtudo
is very diminutive,

L . 39,4043 .
the constrictor hyoideus (Fig. ) in "Pestudo

compured to that of the Liééemys is.a poorly deve1oped
mascle and srises on the laberal side, from the region

of the neural spine -of the seventh cervical vertebra and
runs anteriorly downwards towards the hyoid to ged

inserted on the posterior border of the distal end of the
anterior cornu., A few fibres of this muscle are also
inserted on ithe posverior end of the squamosal. In
Dissemys, however, it arises as three fleshy fasciculi
from the reégion of the neural spine of the £ifth, sixth

and the seventh cervical versebrae. Ail the three fagciculi
run anteriorly and afier a short distance join to form a
single mascle belly which runs anteriorly towards the
hyoid. Agein, this belly geits split up into three parts, of
which #he most. lateral part gains its inseriion on the
posterior border ef the distzl half of the posterior cornu,
the nedian one is inserted on the posterior border of the
proximal half of the posterior qofnu,‘while the niddle

‘one proceeding over the posterior cornu geis inserted on

anterior border of the €istal end of the ceratohyal.
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Such an elaborate modification of the muscle in Lissenmys
should be 1o bring sbout a powerful retraetion of the
head =nd neck, in addition to its primary funciion of
being a depressor and an elevator of the floor of the
buceal cavity and the hyoild. Since the neck in Tesgtudo
is comparstively short and the posterior cornu of the

hyoid is not developed $o the same extent as in Tissenys,

the constrictor hyoideus remains as g single muscle.

39,43
The tensor nassllis in Lissemys (Figs. ) arises

from the inner surfuce of the gnterior border of the nasals
and on the inner side of the maxiila and the fibres run
along the dorszl znd lateoral sides of the nosirils te be
inserted on the skin bordering the nosirils, The musecle

on contraction acts as the dilster of the external nures.
#fhis muscle is absent in Testudo since there is no snout

as in ILissemys and Trionyx.

i

The rechus capitis cervieo-plestrzlis in Testudq

arises from the sternal plate of the plastron by a fleshy
origin and runs snteriorly into the neck on its lateral
gide as a ecylindrical belly which on approaching the base
of the skull turns to the dorsal side and finally gets
inserted on the posterior end of the dorso-lateral pari

39,43
of the squamosal but in Lissemys (Figs. ) the muscle gets
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flattened out in the region of the squamosal und gets

merged with the skin, which in turn getls closely atiached

$0 its place of ingsertion on the squamosal. ¥hen the muscles
of both the sides coniract simulianeously the head and

neek gre flexed and retricted, but when the muscle of only
one gide contracts, a lateral rotztion of the head and
lateral flexion of the neck are effected.

31,40
Yhe gpinalls cervico-capitis in Westudo (Figs. )

arises by five muscle bellies each one Trom the region of
the neural spines of the second %o the sixth cervical
vertebrae respectively. 411 the perts run anteriorly and
unite with one another 4o form one single muscle mass which
goes Torvsrds. Some fibres on the latersl side gel inserted
on the posterior half of the inner dorsal border of the
sgquamosal, and the medizl ones gain ‘their insertion on the
posterior end of the supraoccipital crest, while the fibres
in the middle which form the ma;ogtgf the muscle are inserted
on the under surface of the gkin at the basal region of the
skull. 'the skin is firnly fixed on the parietal and the
jugulo=guaedrete bar. The parts of this muscle corresponding
to the atlas, seventh gnd eighth cervical vertebrsze are
absent. This muscle in Lissemys is formed of Four parts
instead of five as in "esitudo. The presence of an additional
part in Testudo is perhaps to support the neck which has

undergone a severe bend at this position owing Tto the
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carapace heving become dome-shaped. The muscle in both
the gnimals acts as an elevator and lateral rotator of
the head.

,4e
The semispinalis in Testudo (Figg. ) shows more

or less a typicelly primitive segmental arrangement. It
arises from the‘pos%arior syzapophysis of one vertebra
and runs enberiorly to get inmerted on the posterior
border of the region of the neural arch of the nextd Pre-
cading vertebra, This arrangenment is seen throughout the

neck. In Lissemys the semispinalis muscles (Fig.% ) arise

from the entire lengih of the region of the neural spine
of esach vertebra and also the inner border of the posterior
zygapophysis of the same vertebra. In its course it joins

with few fibres of the longissimus arising from the

succeeding vertebra and slso the tendon of the longissimus

arising from the second succeeding vertebra, to gain s
common insertion which is partly £leshy and parily
tendinous, on the posterior zsygspophysis cof the preceding

vertebro. The spinslis and semispinelis muscles of the

seventh and eighth cervical vertebrae do not cexist

separately as spinalis and semispinalis,but are represent-

ed ss a single suscle mass which has &ts insertion on the
anterior half of the reglion of the neural spine of the

geventh cervical vertebra. The gpinalis and the longissimus

groups of muscles in the region of the atlas and axis are



wodified into occipital miscles.

39,4
in Lissemys the longissimus cervieis (Figs. )

corresponding to the seventh cerviecal vertebra arises from
the anterior zygopophysis of the eighth and in its course
forwards it iz divided into the medial (A), the lateral (¢)
snd the middle (B) bellies, while the lateral belly of the
one corresponding to the sixth vertebrs is further divided
into two 01, Coe The medisl one {(4) of the seventh ig
inserted on the posterior zygzpophysis of the sixth. The
middle onc (B) runs forwards as « fleshy belly and later
narrows into & tendon and joining with the fibres of the

gsemigpinalis and the medial belly (A) of the lonsissimus

of the sixth gels inserted on the posterior sygapophysis
of.the fifth, The lateral belly (C) in its course forward
joins wath 61 of the sixth and is inserted on the dizpophe
ysis of the fiﬁ;hg while the Czlof the sixth joins with
the 01 of the f£ifth %o be ingerted on the dispophysis of

the Lourth. The C, of the f£ifth, joins with the 01 of the

2
fourth and is inserited on the diapophysis of the third,
while ihe C, of the fourth proceeds forwards, downwards
and laterzlly 1o be inserted by a tendinous strip on the
lateral border of the atlas and also at the ventral side

ot the pro-otic. The longissimus of the third does not

possass the ¢, and 02 bellies, while the middle belly (B)

which is stouter and longer than those of the succeeding



versebrae, joins with the ill-~developed wmiddle belly (B)
of “he second to be inserted on the lateral border of the
s%las by s strong tendon. The medial (A) and the laberal
01 and CE bellies oY the axis are azbsent, while the atlas

does not pogsess any of. the bellies of the longissimus

CerVviCcis.

(a4
the longissimus,of the fzrs% and second trunk

vertebrae are well-developed and srise from the earapace
ingtesd of the succesding veriebrae., The former proceeds
forwards and gains its inacriion on the posterior half of
the region of the neursl spine of the sixth cervical
vertebras tThe latter arises from the dorsal, laterzl and
the ventrul sades ,of the pluce of origin of the former so
as to envolope 1% ot the base on the three sides. In
proceeding forwards, the muscle converges laterally and

goes on the ventral side of the former (longissimus of the

first trunk vertebra) %o be inseried on the anterior half
of the region of the neural spine of the eighth cervicsl

veriebra,

The longissimus cervicis in Testudo (Figileud

Hhids musals shows basically the primitive segmental

arrangement. The part corresponding to the eighth cervical

vertebrs avises from the lateral border of the neursl

arch of the same vertebra and the £ibres join with a few
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of those of the longissimus thoracis belonging %o the

second trunk veritebra, %o gain a common insersion on the
region of the neural‘spine of the seventh cervical
vertebra. The one corresponding to the seventh cerviceal
veriebra arises from the lateral side of the neural arch
of the same vertebra and joins with the fibres of the

longissimus thoracie bhelonging to the first trunk vertebra

tqlgain a common ingertion at the region of the neursl
spine of ‘the sixth cervical veritebra and also the anterior
border of the neural zrch of the same side of the same
vertebra, The part belonging o the sixth vertebrs arises
from the lateral side of the neural arch of the sixth

, vertebra znd runs snteriorly forwards znd inwardsg to get
;nserteﬁ at" the region of the nesural spine of the f£ifth
and also én the anterior border of the neural arch of the
same side of the same vertebra, This is a typical arrange-

ment of origin, course and insertion of longissimus cervicis

in Testudo. ‘f*he paris corresponding to the f£ifth and fourth
cervical vertebrae also show the above szid arrangement

vin their ofigin, course snd insertion, but those of the
third and second cervical vertebree do not get inseried

at the usual place of insertion bﬁt join with each other
and have s common insertion on the lateral process of the

atlas, The longissimug of the first and second thoracic

vertcbrae are well-developed and they arise partly from



the carapace and partly from the first thoracic vertebra
which is somewhat free from the carapace. No fibres arise
from the second thoracic veriebra because it is compleiely
fused with the carapace. These parts of the muscles which
are conspicuously powé?ul ge$ inserted et the region of
the neural spine of the sixth and the seventh cervical
vertebrae and at the anterior half of the same region of

the eighih cervieal vertebra.

The ocelpltal muscles which serve as the lateral
rotator of the head comprise z lateral and z medial pars.

The former consisis of the obliquuscapitis and the latter

of the recetus capiltis.

X INGR
the obliguus capitis in Testudo (Figs. ) arises

from the region of the neural spine on the axis and atlas
vertebras, ﬂhe fidbres run obliquely ouitwards and get
inserted on the inner border of the squamosal and the
pro-otic bones. In Lissemys this muscle is formed of two
bellies, an upper one having the same insertion as the

obliquus capitis of Testudo and a lowexr one { absent in

testudo ) gets inseried on the tendinous strip of the

longissimus of the third cervical veriebra,.

the recbtus capltis superficialis in Yestudo and

bt
Lissemys  (Figs. ) srises from the region of ‘the neurazl
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spine of the atlas and the fibres run obliguely forwards
%0 be inserted on the pro-otic and the side of the

basioceipital.

The vectus capiitis profundus in both the andimals
, -
(Fig:yqy is a small wuscle arising from the lateral
process of the atlas and gels inserted on the pro-otic
and the opisiho~otic bones.

‘}"4‘15‘
The rectus cervicis (Figs. ) in Testudo arises

from the dorsal surface of the distal end of the coracoid,
proceeds forwards through the Brunk and runs ventrally
through the entire length of the neck. the muscle in the
 beginning is somewhat cylindrical but later Ilattens out
and after passing over the posterior cornu of the hyoid
getis inserted on the posterior border of the anterior
cornu., A Zew fibres, however, run over the anterior cornu
and obtain their insertion on the basihyal and a few
others get inserted on the proximal part of the .posierior
cornu. There is g thin tendinous intersectiion present on
the muscle at a position slightly snterior to its middle.
In Lissenys this muscle (Figgiﬁ? is much more modified
than in Testudo. Though i3t arises from the dorsal side of
the distal end of the coracoid as in Pestudo, the muscles

,0f either side ss8 they enter into the neck region from the



trunk converge and the median fibres of both the mmscles
decussate =t a place more or less in the middle of the
neck and'thgn proceed anteriorly as a single flat muécle,
Shortly after this decussation, is present a thick

broad tendinous intersecition afier which the muscles agein
sepurste and run forwards and laterally. After parting
company, ezch ene splits up into thwee parts which lie one
over the other. The dorgsal part runs forwards along the
ventral side of the oesophaszus and £inally amerges with the
wall of ithe oesophagus and the pharynx. The middle paxrt
gets inserted on the hyoid where the ceratohysal and the
basihyal meet, while the ventral part runs over the
posterior cornu and gets inserted on the anterior border

ot the ceratohyal by a thin tendon., Though tﬁg tendinous
intersection in the muscle in Testudo is present, the
wuscle of one side neither meets the fellow of the opposite
side .nor splivs into three different parts having different
points of ;nsertien. The three purts togefher o this
muscle in Lisseuys corregpond $o the entire muscle of

Pestudo. The nmammalian siernothyroid and omohyoid are

derived Tfrom the primitive recius cervicis of the lower

tetyrspods, The ventral and middle parts of this muscle in
Lilssemys could be considered zs homologous to the omohyoid

and the slernothyroid respectively of the mammals, while

the entire rectus cervicis of Pestudo to both the above
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mammalian muscles. ‘the third (dorsal) part of this muscle
in Lissemys does not correspondéd to any other muscle in

the vertebrates,

the roirachens capitis colligue in Pestudo and
. R 3‘?llf°; ‘(}l q':.'
Lissemys is a long, composite muscle (Figs., ) which extends

from the trunk to the hesd and it is described along with

the muscles of the $runk and tail,

The hypaxial muscles of the neck in Testudo
consists of two layers but those in Lissenys of three. The

venitralmost layer of muscles in Testudo is the longus colli,

The longus colli in Testudo (Figs,ys), correspond-

ing to the eighth cervical vertebra arises from the mide
venirsl line of the body of the same veritebra and the fibres
run obliquely forwards and inwerds. On its way the muscle
splits into two parits, one upper and the other lower. The
former gets inserted on the body of the seventh vertebra,
while the latter becomes ten@inous and gzins a common

ingertion with bthe-musele the intertransversarii collli, on

the posterior zygspophysis of the second preééding veriebra,

The ovigin and insertion are ‘the same for the longus colli

series corresponding to the fourth to the seventh cervical
vertebrae., The muscle srising from the third cerviecal

vertebra occurs in two flat bellies., 'he lower one shows
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the usual place of origin of the entire longus colli buib

the &pper paert, the rectus capitis ventralis longus, (Figds)

runs anteriorly and geis inseried on the pro-oiic bons by
a tendon. The muscles arising from the axis and atlas

vertebrae, the rectus capitis veniralis major (Fig.4é) anmd

the rectus capitis ventralis minor (Fig,%) respectively,

Join with the fleshy fibres of the ractus eapitis venitralis

43,44
longus., In Lissemys the longus colli (Figﬁ.') of each sgide

in ‘the posterior part of the neck arises from the mid-
ventral line of the bodies of the eighth and seventh
cervical vertebrae and running forwards gets inserted on
the anterior part of the sixth and posterior part of the
fifth cerviecal vertebrae. The next anterior belly in front,
arises from the median line of the Lody of the sixth
cervical and running over the pre%}ding one, geis inserted
on the anterior and posterior parts of the bodies of the
fifth and fourth cervical vertebrae respectively. Similarly
those orising fram vhe Tirst three cerviceal vertebrae have,
however, a different course and inssriion,., the one arising

from the third veritebra, the rectus capitis veniralis

longus (Fig.4k) runs, forwerds to gain a tendinous insert-
ion on the pro-otic bons, while the one arising from the

atlas and sxis, the recius capitis ventralis minor and

major (Fig. 44 ) respectively, join with the tendon of the

rectus capiitis veniralis longus.
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The recbus cupitis vendrelis brevis (Figd G44s in

both Testbudo and Lissemys srises from the undterior border
of the aillas and the distal end of the basiocecipital. It
runs anteriorly for & very short disbtance and geis inser-

ted on the anierior border of the basicceipital.

ALl these muscles, the rectus cupitis ventralis

longus, the retus capitis veniralls major and pminor and

the rectus capitis veniralis brevis correspond to the

lonzus caplits of manmals,

i

40,46

LY

“he interiransversarii colli (Figs. ) muscles

lie immediztely dorsal to the longus colli. In Tegtudo

these muscles are segmental and show the following
arrangement of origin and insertion for the muscles of
all the cervical segments., The muscle corresponding to
the last ( eighth ) cexrvical veriebra arises from the
mid-ventral line of the body of the veritebra and the
fibres run anteriorly and converge to get inserted on the
posterior mygapophysis of the seventh cervical veriebra,
The muscles of the second 10 seventh cervical veriebrae
show this typical arrangeumcent. The muscle corresponding
Yo the first cervical veriebra arises irom the R®ide
ventral line of the body of the same vertebra and geis

inserted on the basioceipital. These muscles in Yesiudo
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and Lissemys bring about inter-vertebral movemenis. ‘fne
difference beitween the muscles of Yestudo and Lissenys is
oniy in their origin. In Ligsemys ‘they arise by iwo heads,
one>eaeh from two adjoining veritebrae and in Testudo by
only one head, This ic necegsitated by the presence in
lissemys of a long neck that performs a good deul of

interevertebral movements unllike in Testudo.

The intertrensversarii colli obligui in Lissemys

(Pig.44) forms the third layer of muscles on the ventral’
side of the neck. %he paris ecorresponding %o the second
t0 the sixth cervieal vericbrae oniy are represeﬁted‘ The
posteriormost part arises from the diapophysis of the
seventh vertebrs and running obliquely inwerds geis inser-
ted on fthe entire lateral side of the sixth veriebra,
S3imilarly the muscles arising from the diapophysis of the
sixth, Fifth, fourth, third and second vertebrae gain
their insertion on the lateral sides of the fiith, fouxth,
third, second and first veriebrae respectively. It musk,
however, be mentioned thedt the part corresponding to the

o2

atlas which is larger and longer has 2 diiferent insertion
from thet of the others in that a few fibres are atvtached
on the antero-lateral border of the atlas, while the rest
of the belly gains attachment on the lsteral bosder of the

basioccipital., There ic a thin long muscle arising from



the fascig covering the rib in the region of the scapula.
It runs under cover of the scapula and gsins its insertion
on the lateral side of the eighith cervical verdtebra. This

muscle probably belongs 1o the intertrangverssarii colli

obligui group having been shifted from the diapophysis of
0

the first ﬁhyacio vertebra to its pressnt attachment,

owing %o the fusion of this vertebra with the carapace,

This layer of muscle, the intertransversarii colli obligui

is absent in Tesbtudo, owing again to the resiricied

movement of the neck.

»
The ‘tachelomastoideus (Fig.%46) in Testudo has a
N
broad origin from the amid-ventral line of the body of the
firss and second cervical vertebruee and from the outer

side of the inner muscle belly of the longus colli of the

third cervical vertebra. All the fibres run obliquely
outwards and get inserted on the inner surface of the
squamosal and the posterior border of the pterygoid., But
in Lissemys this muscle (Fig.u4s) arises Ffrom the lateral
border of the second cervical and the diapophysis of the
third cervical vertebrae and the fibres run obliquely
outwards and converge into a narrow belly whach gets
inserted on the medial surface of the posteriovr end of
the squamosal. this muscle in both the animals acBs as <the

latergl roiator of the head.
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MOVEMENTS OF THE HEAD AND NECK

‘*he Chelonia zmong the reptiles possess a singu-
larly long and pow%?&l neck exhibiting a variety 0@
movements, The principal movements of protraction and
retraction of the neck together with those of the limbs
play the purt of the ribg movements in other vertsbrates
of forcing the entry and exit of air into and from the
lungs for respiration, In Lissemys and Testudo besides
these principal movements there are various movements of
the head and neck vig, flexion, flexion and latersl roba-
tion, extension or elevation, extension and lateral

rotation and lateral flexion,

The retraction of the head and neck is effected

by the simulianeous contraction of the rectus-capitis

cervico~plastralis, the retrachens capitis collicgue and

the rectus cervicis. In the proiracition of the head and

neck the retrzctor muscles relax and it appears as though

this act of protraction is a passive one,

The other movemenis dre possible only when the
head and neck are in a partly or fully protracited sitate.
Flexion is brought aboul by the conitrsction of the hypax-

ial group of muscles and also a perdt of the longissimusg




muscle. The hypaxial group also brings about T2 laterzl

flexion when only the muscles on one side contract.

Flexion is effected by the contraction of the
entire group of hypaxial muscles, with the aid of the

longissimus, spinalis cervico-cepitis, constrictor

hycideus and the rectus cervicis. The rectus capitis

gervieo-plastralis of one side then contrscis and brings

about the latersl rotation of the head and neck,.

Bxtension of the neck and elevation of the head
&re brought about by the simuliansous conirusciion of the
epaxial muscles of both the sideg. This is an important
movement specially when the animzl has %o raise iis head

"above the water for breathing.

Ixtension is broughi about by the contraction

of the spinalis cervico-capiiis,semispinalis and

longissimus muscles. 'The lateral rotation is effected

then by the rectus capitis cervico plastralis, rectus

cerviecis and constrictor hyoideus of one side., When

these muscles relax nmedial robation ig effected,

When the semispinalisy; longlssimus and the three

layers of the hypaxial set of muscles of one side contract
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a powerful lateral flexion is effected thus aiding the
limbs in motion., A change of direction in swimming is

also accomplished,

When Ligsemys is turned iturtle, it rights itself
gquite elsgantly with the help of its head and limbs, It
shoots out its head stretching the neck to ‘the utmost
and the head turns dorso-venirally backwards so that the
dorgum of the heud zlmosi abuts sgainst the carapace. In
this position; by pressing the head on the ground, the
neck is suddenly straightened by the simuléaneous
contruction and relaxation of the hypaxial and the epaxial
muscles respectively of the neck. In this process, the
body with the help of the limbs of the same sgide is
turned over %o its normal position. ‘the neck in turtles
as already hinted is a strong and powerful orgsn. The
alwost interwoven arrangement of muscles, not only adds
to its strength and compaciness but also to the ability
for performing these versatile movements. When Pestudo
is turned turisle it cannot turn iitself right. I had kept
several specimens in an upside-down position and waiched
for days together and found that they could not right
themselves to their normel position. This unfof%unata
condition im Testudo is due to the neck having undergone

an abrupt bend which has already been mentioned, as a
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result of the animal acquiring the massive done-shaped
carvspece: thzt is unsuiteble for swimming. If such g
ocgrapace caume up‘as e mutation, it may be considered ss
a salient factor in the evoluiion of completely terrest-

rial Chelonia ( tortoises ).

\



MUSCLES OF TRUNE AND TAlL

fhe chelonian is popularly called a'reptile in
a box' owing to the presence of the rigid shell which
has made free movements of the body wall impossible and
thereby rendering the body wall useless for the respie
ratory movenments that are so characteristic of all
amniotes, These structurazl modifications in the Chelonis
hove created a difficullt situation for zoologists to
explain the mechanism of respiration in these animals,
the movements of the neck and limbs are believed to be
indirectly serving the purpose of the body wall
movenents.As a basis for the understanding of the
mechanism of respiration in the Chelonia & comparative
study of the myology of the trunk and teil of different
chelonians is of considerable importence. #With this end

in view the following common chelonians of this couniry

viz., Lissemys puncatatla, Geomyds trijuga, ‘frionyx

gangeticus and "estudo elegans, have been siudied,

Huscles of the Trunk:

The epaxial and hypaxial muscles of the trunk
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in Chelonia sre obviously much reduced znd modified
owing to the fusion of the vertebrae with ihe curapsce
resulting in the complete cessation of intervertebral

movements, and the Tormation of the plastron,

The spinalis-—semispinaelis systenm of muscles in

Lissemys (Fig.47) arises by slender slips from vhe neu-
ral plates and $he neural arches of the second to the
.tenﬁh trunk vertebrae znd sometimes also from the Tirst
sacral vertebra, which follows the venth trunk vertebra.
Those slips srieing from the nsural arches of the sixth
to the tenth trunk vertebrse and their corresponding
neural plates ave tendinous, but those arising from the
gecond to. the fifth trunk vertebrae and their correspon-

ding neural plates are fleshy. The fibres of all the

muscle slips from the second o the tenth trunk vertebrae

join together and form a single muscle belly. As in
other chelonians this muscle system in Lissemys shows

ng dissinction into its.component parts, nor the typical
erigs-cross arrangement of the tendons characteristic

of other reptiles, but consists of a linear column of
muscle running through a narrow space bounded by the
carapace, ribs and the veriebrae. On emerging out of

the space at the level of the first trunk veritebra it

gets inserted by z thick tendon on the neural z2rch and
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the posterior zyszapophysis of the lust cervical ( eighth)
vertebra, he nmuscle zcts as an slevaitor of the neck ai

the level of the eighth cervical vertebra,

in frionyx too the spinslis-—sgemispinalls system

(Fige 4¢ ) has & similar origin, course and insertion,
but in restudo (Fig.s52) the muscle slips arise only from
the neural plates covering the Iirst snd second trunk
vertebrae and also from the nenral azrches of the ssne
veriebrze. 'fhe muscle after passing through the space
bounded by the ribs snd carzpace, emerges out &% the
antefi@r end of the First trunk vertebra and geis in-
serted by & tendon on the neural arch snd the posterior
zygapophysis of the eighth cervical veriebra. the cars-
puce in Testudo and to a lesser extent in Geomyda,
having acquired he shape of a dome and the neck having
undergone an unextendable bend at about the level of the
fTirst trunk vertebrs snd thereby become unable Ho te
fully extended as in Lissemys and Yrionyx, a great

reduction in the spinalis-semispinalis system of muscles

in the trunk, inevitably resulted. 'the versatile movee
ments of the neck as in Lissenys, Trionyx and other

aquatic and amphibious forms are an absolute necessity
for their movemenis in water, and on land Tor righting

themselves when turned isursle. Testudo on the oiher
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hand is unable %o right itself when turned furile and
this unforiunate condition is primarily due to the
neck having undergone the abrupt bend as a result of
the animel scquiring the wassive dome-shaped carapace
that is a hindgrance in swimming., CGeomyda (Fig.$7) has
only a slightly dome-shaped carapace and hag a c¢omparsa-
tively small bend at the neck, since only relatively a
few versebrse are involved in the bend and so it is
.able 46 right itsel? only with very great difficulty
when turned upside down, This leads us %o the infere-
nee that in the evolution of the land Chelonia the
need %o protect themselves from desiccation and other
vagaries of an arid eavivonment and to withstand the
atitack of enemies by taking shelbter under cover of a
strong armour was a major factor. The trend was
naturalily towards the a@?iaition of an extremely hard
and heavy shell that could house the whole aniaal
within, Both: these ends were achiegved in the completely
terrestrial forms like Testudo. But all the saue they
yere leﬁt behind with a shorter neck with restricted
movéﬁeats and shorter limbs with slower movements as
tﬁc<priee for protection. The others on the oiher hand

took Yo life in water and came to land only occasionally.

in Lissenmys there is a swall muscle whiech arises
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from the anterior border of the nuchagl plate snd gets
inseried on the posterior border and the posterior part
of the veniral surface of the prenuchal plute., The
miscle when conwracls, pulls the prenuchal which is
loosely zittached to the nuchal, effecting the clogure
of the shell in front. The muscle (Fig.4] ) which has

been named as nucho-prenuchalis by Hassan (1941) should

correspond;to the spinslis ouscle of the seventh and
eighth cervical vertebrae, which have lost their usual
attachment and twvken a position described azbove. Such a
muscle is not seen in Trionyx, in Zestudo or in Geomyda,

since lhere is no prenuchal in sheir carapuce,

The nucho-epiplastralis (Fig. 47 ) in Lisseays

(Hassan, 1941), corresponds Lo the trapezgiug which is a
well~developed muscle in this aninal. 1% arises from

the outer side of the body of the first snd second trunk
vertebrae and azlso from the adjoining borders of ihe
fuchal and the first costal plate. The muscle arises

as a flat fleshy belly, the fibres of which converge o
form a cylindrical mass which in turn curls upon iitself
and most ol the fibres get inserted on the esiplastron,
while a feow gelt insertved on the cartilaginous epi-
precoracoid. At the level beiween the last cervical cnd

first trunk veriebrae the cylindrical purt of the



muscle appears as a pillar at the side of the neck. In
(g 4%

Lrionyx this muscle, is similar in its atdachments to

that of Lissemys but differs slightly in having an add-

itional pﬁ?tlwhich srises from the anterior border of

the thick fold of skin lining the nuchal plate and blends

with the main muscle mass, In the spiny-tailed lizard,
Uronmeastix, this muscle arises from the dorsal Tascia

and is inserited on the acromio-claviculer joint

(George, 1948). The ingertion of the muscle in Uromasiix
is essentially the same as that in lLissenys and Prionyx,
when we regerd the region of the eplplustiron of the

plasiron as corresponding to the clavicle., So the nucho-

epiplasiralis of Hassan could be regurded as homologous

ok

o the %rapewius. This nuscle on contraction ensures
the ¢losure of the anterior plastral valve after the
retraebion of the head and neck inito ithe shell., In
Llssemys this valve completely closes the anierior part
of the shell, bult it is not so complete in “wrionyx,

-

while in Tesbtudo and Ceomyda it is sbsent as alyeady

mentionad,

“he rhomboideus (Fig5Q7 } in Lissemys a iges as

z flat muscle sheath from the leteral border of the

S

Tirgt two trunk vertebrae and also from the fasciz of

the %ragezius'at its posterior side. 'Yhe origin of the
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muscle is fleshy and all the fibres run versically
downwards, where they get inserted on The nedial border
of the scapula and the dorsal surface of the precorac-
oid or the acromion process. & few fibres, however, getl
inserted on the epiplasiral cartilege also. ihe
insertion of this muscle on the median border of the

scapula is similar to that of the mammalian rhomboideus.

the rhonmboideus in mammals could be considered as

having split off from the well-developed reptilian
trapezius and in Lissemys too such a splitviing of the
primitive repiilian trapezius seems to have taken place.

On contraction the rhomboideus pulls the scapula zand the

precoracoid medially and slightly aniteriaerly. ‘this
retraction of the girdle is needed in order %o carry
the limbs almost completely under cover of the carapace.
Yo such muscle is present in Trionyx, testudo ar

Geounyda.

Regarding the mechanism of ‘respiration in
Chelonia,HcCutcheon (1943) sitressed the role of the
flank cavity muscles and showed that throat movements
played no significant part in respiration, In ny
published work (1954a) I have demcribed two flank caviiy
"muscle sheaths, an inner and an outer in Lissenmys.

the outer muscle sheaih consisis of the diaphragzmaticus
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anteriorly and iransversus abdominis (Fig.47) posterior-

1y, though the boundaries of these itwo muscles gre not

clearly demercated unlike in Emys europea (Owen, 1866)

or Walaclemys centrata (McCutcheon, 1943). In both
Lissemys and Trionyx the outer sheaégféig;i; from the
inner luterzl border of the ¢srapace from the first %o
the seventh ribs, but in the lgtter it has a wider wrea
of origin. 7The f£ibres run laterally downwards and then
becoming membranous enclosing the viscera laterally

and ventrally, gsins insertion at a point in the centre
of the plasitron, In Tesiudo the whole of the anterior

portion (diaphragmeiticus) of this muscle sheath is

mewbranous, while the posterior pavt (transversus

abdominis) has: the same structure zs that of Lissenys.

in Geonyda, the disphragmaticus consists of itwo paris,

an anterior one which is fleshy and a posterior one
which is membranous. The posterior membranous part

joins with the fleshy itransversus abdominis which has

a similar disposition as that of the same in wresiudo.

The nature of the diaphragmoiicus in Geomyda appesars

as 2 transition between that in Lissemys on ‘the one

hand and ‘tesitudo on the other.

The inner muscle sheath (Fig.4] ) present in

Lissenys and Geomyda arises from a small elliviicel-
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tract on the dorsum,dorsal to the bodycavity in the
region of the second %o the f£ifth ribs and the fibres
run over the lung so as %o form not anly an envelope
around it but even merge with ibs wall. In Geomyda,
however, this muscle consists of fleshy fibres anter-
iorly and antero-laterally, while in the intervening
part it is made up of z thin membrane. On the contra-
ction of this muscle sheath, expiration is brought
about and on relaxation inspiration 1s effecited. Thus
the two muscle sheaths enable the lungs to fuction as
a pair of belléws. I also noted that the inner musculur
layer occurring on the wall of the lungs is innervased
by the intercostal nerves and suggesied (19%54a) that
it is homologous %0 she initercostal muscles of other
reptiles. The presence of this unique musele on the.

lung wall in Lissemys punctate and Geomyda trijuga (Ke ¢1,49)

encourazed me to look for such a muscle in other
Gheloniuns. Since then I have exitended nmy studies to
two more chelonians, irionyx gangeticus and Tesgitudo
elegans and found that in these the mascle is absen%.
It must, however, be mentioned thei in pisce of the
fleshy muscle bag found in Iissemys a thin membrane is
left on the lung wall of these chelonisns. I% has al-
ready been mentioned that in Geoumyda ‘the muscle bag is

not completely fleshy, but has sn intervening poriion
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of membrane. 30, the condition of the inner muscle
sheath found in Geomyda appears 10 be an intermediate
stage between Lisseumys on the one hand and xrionyx

and Testudo on the other,

L . us | .
‘the above mentioned facts lead me to certain
important conclusions regarding the evoluition of the

Chelonisa,

(1) On the fusion of the ribs and the formation of
the body shell in the evolution of the early
Chelonis resuliing in the inability of the

body wall Yo perform the respiratory movemenis,
the dinner muscle sheath came to be formed

probably from the intercostal suscles. This
acquigition of a muscular lung working as a
pair of bellows must havqgiven the early

8helonians their survival vslue.

(2) The study of the flank cavity muscles reveals a
general degeneration of some of these muscles
in restudo and Prionyx. In both ithese forms the

inner muscle sheath which is so well preserved

in Lissemys is reduced to0 a mere membrane und



(4)
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the condition in Geomyda shows a stapge of tran=-

sition. Again, in Geomyda the diaphragmuiticus

part of the outer muscle sheath, shows a ifrans-
itional stage beitween the one in Lissemys and
Trionyx on the one hand and “esitudo on the
other,

In the nature of the flank cavity muscles there-
fore, Lissemys and Geomyda sre to be regarded as
more primitive than Yrionyx and Yestudo with
Geomyda as an intermediale form bebdween Lissemys
end the other two., BSome evidence in support of
this is availuable from the recent work of
Williams et al (1952) who on the basis of their
studies on the plastron in Testudinata and
trionychidae have suggested that Lissemydinae
are g primitive group.

the probable causes for the loss of the inner
mascle sheath of the lung of the higher Chelonis

and the degeneration of the diaphragmaticus in

the terresirial forms like Pestudo could be the
evolution in these animals of larger lungs an

which the muscle bag was more of a hindrance to
their full expansion; and in %the mean time the

aquisition of a better physiological equipment



for fixing s greater smount of oxygen store in she bhody
for gradual and slow utilization. A physiological study
of the lung and blood of these animals is therefore to
be undertaken;

the oblicuus externus (Fig.47 ) in Lissemys arises

as a flat fleshy belly from the lsteral nmargin of the
esrapece ab the level of the first snd the second marge
inals and the fibres run obliguely, medially and

posteriorly and becoming tendinous join with the tendi-

nous part 0f the outer muscle sheath (vransversus

abdominis part) of tne lung end closely enveloping the
vigceral organs 0 gain a common insertion on the
pubic symphysis and on the hypoplastron. In ‘irionyx

4733 4¢
also the obliquus externus has the same origin,course
~N

and insertion as in Lissemys., In Lissemys, on the

ventral side of the obliquus externus and ohliquus

internus (Fig.A47 ) there is a ligamentous tissue which
arises from the hypoplastron and the firsy marginal
and gets inserted on the fascia of the gluteal and the

recius remoris muscles. A part also adheves very

closely to the skin covering the shank. Yhis ligament
perhaps is useful to retract the leg under the femoral
valves, of the plasiron. In Lisseumys and Trionyx atl

the junciion of the tendinous parts of the obliquus
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externus and obliquus internus a small flat musele which
runs downwards end geils inserted on the ocuter bhorder of

the pubic spine, tekes its origin. This is perhaps the

continuation of the obliquus externus and the obliquus

internus muscles.

(Jigq1 )
the obliaquus internuslin Lissemys has its origin,

medial to that of the obliquus externus, namely on the

outer bhorder oi the costal plutes corresponding to dhe
third to the fifth marginals, The fibres run obliquely
forwards and inwards and finelly become tendinous snd

get inéerted on the dorsal part of t@e pubic symphysis.
in Trionyx too the c¢bliguus internégjg;; a sanme disposit-

ion,

in Testudo and Geowyds, however, insitead of Hwo
separate muscles there is a single muscle, the obliquus
(hg44,50)
extsrnus,bbardering the laterzl side of the posterior
half of the carupaces 'This single flat muscle in these

chelonians is similar 4o the one found in Imys euronez

described by Owen (1866). the muscle fibres run obligque-~
ly forwards and inwards which finally get inseried on the
hypoplastron and xiphiplastron. in Testudo and Geomyds

therefore the obliguus internus is éither zbsent or is

mergzed with the obliquus ¢xternus,
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fhe retruchens capitis collique (Fig.5/ ) in

restudo arises on.the: entire side of the vertebral column
on the venitral side by four fleshy fasciculi, from the
neural plates covering the thiird to the seventh trunk
vertebrae, O0f the fouyx, the posterior one is very msssive
and arises from the neural plaie covering the sixth trunk
vertebra and also from the znterior half of the neural
pluete covering the scventh veritebra. vhe muscls runs
anteriorly and envers the neck and after traversing
through the entire length of the neck almost all the -
fibres gel inseried by a thick tendon on the basioccoi~
pital on the ventral side of the skull, while a few gain
separmite insertien on the inner posterior border of the
squamosal by a thick tendon. the two fasciculi next to the
one described agbove srises from the side of the L£ifth and
fourth trunk veritebrae respectively and both run mide by
side sntericrly in order to emter the neck region. the
one which arises from the aide -of the £ifth trunk verte-
bra and its corresponding neural plite gets inserted on
the dinpophysis of the fourth cervical vertebrs and the
one which arises from the side of ithe fourth trunk verie-
bra and its correspending neural plate gets inserted on
the diapophysis of the fifth cervicsl vertebra. The anter-
ior-most fasciculus arises from the third trunk vertebra

and its corresponding neural plate, runs anteriorly and



afiter entering the nock geis inserted on the diaspophysis
of the sixth cervical veriebra. in describing the

retrachens capitis collique in Bmys europea,Qwen (1866)

states thut it arises by six fleshy fasciculi from the
neursl asrches and spines of the dorsals and proceeds
forwards blending together and gets detached into four
tendinous insertions. But in Testudo there are only
four such faseiculi and they remein completely separaie
without any blending whatsoever, On studying the nerve
supply %o these four fasciculi iV is Ffound that the
posterior-most one, the largest snd the longest Tasci-
culus, which is insertced en the base of the skull is
innervated by a branch from the middle cervical gangle
ion of the vagus and the sixth thoracic nexrve at the
region of its origin, whereas the others; the anterior
three fascieuli, obitzin thelr nerve supply from the
third, fourth and f£ifth theracic nerves., The fact that
these anterior three rascicull remein completely
separate from the posterior large fasciculus and thet
they arve innervated Ly a totally different source of
nerve supply tends to show that they are different
muscles albogether. LIt is suggesited that they correse—

pond to the longus colli series of muscle of the ftrunk

and that the posterior large belly is a composite

muscle forumed anteriorly by the siterno-cleido-mastoid
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as was suggested (George and Shah, 1954a) in the case of
Lisgemys and posteriorly by the last fasciculus of the

longus colli series (George and Shah, 1954bj.

(tig-5¢)
vhe retrachens e¢apitis colligue in Lissemys‘is

2

a highly specialized muscle and considerably different
from that of the westudo in its attachments. In lissenmys
it arises by three fleshy parts, The lateral one srises
from the jumction of the fLirsi énd second marginals and
their corresponding costal plates, the middle one arises
c¢lose to the lateral one froq a point posterior to iits
place of.origin, while the medigl part arises from the
last costal plate at the posgterior region near the
vertebral ¢olumn end from the bodliles of the five anter-
ior cuudal veriebrae, All these purts on each side run
anteriorly for & short distance when the lateral und
middle ones join with the medial one to Zorm a single
megsive muscle belly on either side and proceeds towards
the head. 'This linemy muscle column on each side runs
through the eniire length of the region of the trunk and
neck to gain a tendinous inertion on the busioccipital
and partly on the postericf inner border of the squamow
sal of the respective sides, these bellies on either
side are connectved to one another throughout TheXr course

from the place of origin to that of their insertion by a



thin aponeurosis, which is narrower in the posteriox

region and gradually becoming brozder as the muscle pro-

ceeds anteriorly separating the two bellies more and
more laterally. On approaching the base of the skull
each divides into two, a lateral end a medial psrit. The
former part which is comp&raﬁivély a minor one geis
inserted on the inner posterior border of ithe sguamosal
and the latier on the basioccipital and ‘the posterior
part of the pilerygoid, both the insertions being tendi-
nous. It has been suggested (George and Shah, 19542)

that the resrachens capitis ¢ollicue muscle in Lissemys

is divisible, arbitrarily, into two parts at the level
of the episternal plate (epiplastron) of the plastron.
Phese two parts of the musele hsve g different nerve
supply; the anterior, ccervical part being innervated
by & branch from the middle cervical gunglion of the
vagus, while another bruanch from the same gehglion

innervates the recius capitis cervico-plasiralis. From

this I have ventured ‘to homologise, the anterior,

cexvical part of the reirachens capitis collague with

the sierno-cleido-mastoid muscle which is derived from

the recvus gapitis cervico-plestralis, the primitive

cucularis. the positerior irunk part has two sources of
nerve supply; anieriorly by the Tifth cervical nerve

and posteriorly by & nerve from the lumbo-sacral plexus
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and the twelfth dorszl. it is suggested (George snd
Shah,1954a) that owing t0 the skeletsl modificaitions
in the formation of the carapace and plastron, the

giverno-cleido-mastold muscle did not get its usual

attachment but joined with the posterior part which is

in turn derived from the pubo-ischio-femoralis, from
which the psoas mugcles of mammals were derived. The
twelfth dorsal nerve which supplies the posterior-nest

pert of the retrachens capitls collique innervaies the

pubo-ischio=-Ffemoralis muscle in addition,

(hys
In Mrionyx it consiste of six fasciculli of which

the anterior first, second and third asve very thin and
membranous, while the fourth and fifth are mussive and
well-developed. The last fasciculus which is also a
well-developed one, arises from the lateral surfaces of
the body of the second, third, fourth and fifith caudal
vertebrae, The fourth and fifth fasciculi arise from
almost the entire ventrel surface of the costal plates
covering the ribs between the seventh and eighth, and -
the eighth mnd ninth trunk vertebrze. the first, second
znd third fasciculi srise from the neural plates corr-
egponding to the fourth, fif%h and sixth trunk vertebe-
rae respectively. the first two are very thin, while

the third one is somewhat fleshy and well-~developed,



All these fasciculi of one side blend together to form
& single muscle.belly which runs anieriorly through the
trunk and neck. At the level of the eighth or ninth
trunk verlebra the muscle of either side fuse with one
another %o form & single stout muscle mass. Such a
blending of the muscle of cither cide is completely
abgent in Yestudo and Geomyda, but in Lissenys though
they do not fuse with one andther directly, there is

an indirect connection through an aponeurosis which is
very nerrow ot the posterior end. in trionyx after the
fusion, forming a single muscle, it runs anteriorly
forwards into the trunk region, but alt the level of the
firgt trunk or the last cervical vertebra, the compon-
ent parts part company at the same time relaining their
connection with eagh other by a thin aponeurcsis which
is narrower in this region, and later widens out
separating the muscles more laterally, a condition
very much sinmilor tq the one observed in Lissemys. After
reaching the base of the gltull the muscle splits up into
two, a lateral and a medial part. the latter which is
‘the major ﬁart gets inserted eon the basioccipital and
the posterior part of the pterygoid by a thin tendon,
while the former goits inseried on the posterior inner
border of the squamosal. In this animal the insertions

of +this muscié are gimilar 4o those of the same muscle
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in restudo, Geomyda and Lissemys. Since the muscle in
Yrionyx consists oi six fasciculi of which the lasi
three arise from very much similar pléoes of origin as
in Lisgenys, this may be regarded as homologous to the
same part of the muscle in Lissenys, vhereas the anie-
rior pard comprising the first three fascicull -in
Prionyx are siwilar ‘o those seen in Yesitudo and Geomyda,
but at the sane time it diifers in that that =11 the
fasciculi in Yessudo doy not blend together to form a
single muscle as in lUriomyx, In this respect of blending,
Geonmyda differs from restudo im having the blending of
all ‘the fasciculi to form a single muscle belly, almost
similar to the one in wrionyx and Lissenys, such a type
of blending of the different fasciculi is present in '

Bmys europea (Owen,1866). the muscle in rrionyx after

the blending remains as & single magss and runs forwards
in %the brunk and through ﬁhé neck to gain its insertion
similar 4o the one found in Tissemys. So in vrionyx i%
ig suggested that the first three fasciculi of this
mascle are similar to those of Yestudo which his been:

suggested above_.io.be homologous :to the longus colli

series of muscles,

(?‘fg.ﬂ)
In Geomyds this muscle, arises by five fleshy

fasciculi from the body of the Fifth, siuth, sevenih,



eighth and ninth trunk vertebrsz, and the neural plates
covering these vertebrae., All the fasciculi of one side
blend bogether and form a single muscle which runs
anteriorly through the trunk and enters the neck, After
reaching the third cervical vertebra, some median
fibres become tendinous and get inserted on the lateral
side of the todies of the first, second and third cexv-
ical vertebrae, while the major part of the muscle runs
forwards and géts inserded on the basioccipital by a.
tendinous insartion and a few latersl fibres also become
tendinéus %0 got inserted on the inner posterior bLorder

of the squamosal., the retrachens capitis collique of

either side, though runs side by side, does not show
any fusion or connection with each other by aponeurosis.
the posterior part of this muscle consisting of the five
fosciculi which have blended together corrcusponds 1o

the longus colli series, while ithe anterior puzrt to the

sterno-cleido-mestoid muscle. It must, however, be

mentioned that the inserition on the bodies of the first
three cerviegl vertebrae of the medisn fibres of the
anterior part which is absent in %estudo, indicates that

these fibres are of the lonzus colli series and that if

this inference is true, the anterior part is formed by

both sterno-cleido-mastoid (meinly) and the longus colli

series.
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fhis composite muscle in its reduction in Trionyx
end Geomyda shows g condition sonmewhat intermediste
between that of Lissemys on the one hand and restudo on
the other in which the reduction is maximum. I% must be
mentioned that of the two, mrionyxhis nearer to Lissemys,

and Geomyda to Fegtudo.

Mugeleg of the fail:

In the Chelomie the tail has lost ité importance
as it is neither an organ of locomotion nor of defence
and offence, as in the other repiiles and presenis no
direct muscular link up with the thigh so as o move
with the movements of the posterior extremity. This has
thoerefore brought ahoul the great reduction of the muscles

in this region of the bedy.

in Lissemys and Trionyx the tail is extremely
small., Compared to this the tail in Geomyda or WTesiudso
is considersbly longer snd extends beyond the cloacal
opening, In 211 these chelonians zg in other reptileg

there is a superficial muscle shesth, the flexor csudae

superficizlis, covering the deep caudzl muscles on the

ventral end lateral sides of the $ail, rthe deep csudsal
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miascles of Chelonii, inuvgenceral do not show their-normal
attachhents: “he médian dorsal muscles couprising the

gpinalis-—-genigpinalis system of muscles show %he typical

criss-—cross arrangement thai is so characterisiic of -
reptiles, This arrangement assuring free initarvertebral
movements is retained only in the tail region of the
chelonian, even though the tall is very much reduced

and no longer functions as an aschive orgun. So 1%
becones evident that the criss-cross btype of arrangemens

in the spinalis-semispinalis system that is so typical

of all wodern reptiles, must hazve been present not only
in the imnediate ancesior of the Gheloniz but also in
the early repiilian ancestors as well,from which all

the modern reptilian forms were evolved.

Phe flexor caudae superricialis (Figh s255)

muscle is present as a superficicl muscle sheath covere
ing the sides of the cloaca and the dceper muscles of
the tail, It arises from the neural spines of the
caudal vertebruae and also from the nedisl part of the
last costul plate. Yhe Ffibres run laterslly and downe
wards and join with those of the oppoaite side forming
g thin aponcurosis on the mid-ventral line of the <4ail,
"Proximally the asponeurosis gets stbached along the

dorsal side of the ischial symphysis , while distally
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the muscle remuains Lleshy and free from any sbiachments,
the postorior-most psrit of this muscle is more muscular
and becomes the sphincter of the cloacs. the flexor

caudae superficialis is homologised by Haines (1935} to

the ilio-ciudalis and isghio-~caudalis of liwerds snd

crocodiles, In Lissenys, ‘Prionyx and Geomyda, however,

this muscle seems to gorrespond to the ilio-caudalis

only, though has lost its normsl atbtachment to the iliumn,

the igchio-caudalis is s weli-developed muscle in these

three chelonians. In Testudo pardalis, Haines (1935)

meniions an unidsenitified muscle arising from the lateral 7
side of the body and transverse processes of the caudal
vertebrae and inscrted on the pubis. I Too have come

across &« -similar muscle in festudo elegans but not in

Lissemys, Trionyz and CGeonyda., This leads me to the
inference that the unidentified muscle in vesiudo

pardalis and Yestudo elegens should correspond %o the

dgchio~caudalis of Tissemys, Trionyx and Geomyda, since

there is no such mauscle arising from : caudal veriebrae
and getting inserited on ihe pubis in [issemys, ‘Trionyx

and Geomyda, though a few Libres of this muscle in v o
Geomyda do get inserted on the pubis. 'the manner of the
insertion of this muscle in Geomyda denoies a condition
intermediate betwoen that in Lissemys and “rionyx on the

one hand and ‘estudo on the other, that in Testudo this



muscle instead of having its insertion on the ischium,
gets itself abtached on the dorsal region of the pubic
synphysis and that this shift had occurred in this
animal could perhaps be visualised if it is realised
that the relative positions of the ischium and pubis
in rYestudo are at a gresber angle than that is seen in
Lissemys or PTrionyx in which they are more or less in
the same line or at least at a relatively small angle.
The position of these bones in Beomyda is somewhal at
a greaber angle than that in Lissemys and frionyx but
slightly lesser than that in festudo. It must also be
mentioned that the ischium and pubis in zestudo and
Geomyda ave placed very close to each other separated
by a very small ischial forasmen, whereas in Lissemys
and trionyx, they have a considerable distance bebw-
een them being separeted by a large ischial foramen,
From this arrangement of the two bones in “esitudo and
Geomyda, it is possible to visualise a change;having
teken place in the point of insertion of the unidenti-.
ified muscle of Haines (193%5) in westudo, from the
ischium o the pubis, and I have therefore ventured

1o call this muscle ischio=caudalis and consequensly

regerd the flexor caudae superficiallis as consisting

of the ilio-caudalis only and not as z composite

muscle formed by the ilio-caudalis and ischio--caudalis.
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The sphinctor part of the flexor caudae supere

ficialis which aids the opening and closing of the
cloacal aperiture, is retained in ‘the mammals asg the
perineal muscles, while the other part is semewhat
degenerated (Heines,193%5). Laterally om the tail in
Lissenys just by the lateral border of the flexor

caudas superficialis there is a smell muscle on both

the sides which arises from the anterior border of the
last marginols and gets inserted on the caudal valve
of the plasiron., This muscle is referred to by Hassan

{(1941) as the margino-infra-caudalis . It is very

likely that it is only a part of the Ilexor caudae

superficialis and the nerve supply to both these is

derived from the same source, This muscle brings

about the closure of the caudal valves of the carapsace
and plasiron after the roitraction of the tail into

the shell. Such a muscle is totally absent in Trionyx,
restudo and Geomyda since such caudal valves are

absent in these aninals,

The flexor caudae profundus (Figininsgsof Chel-

onia is howologised with the caudo-femoralis of

lizards (Haines,1935). Since the tail has been reduced
and has lost its function as an organ of locomoijion,

the attachment of the muscle on the femurg is shifted
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to the costal plate near:the vertebral column at the

lavel of the sacrum, In Lissemys 4t arises lateral to

- the origin of the ischio-caudalig from eight caudal

veriebrae and runs anteriorly forwsyds to gain insert-

ion on the . last costal plate just nesr the sacral

vertebree., A few Libres are also inserted on the late-

eral gside

of the body of the sacral vertebrae., In -

Trionyx the prigin is almost similar to that in

Lissemys but does not cover such an extensive area of

origin where it arises from only four caudal vertebrae

starting from the eleventh caudsl. the muscle runs

anteriorly and gains insertion on the cosial plates

near the f£irst sacral vertebra. A few fidbres gain

insertion

Lissemys.

also on the body of the vertebra as seen in

In 2estudo it is well-developed and arises

from the last six Qaudal veritebrae and gets inserted

on a vexry
onding 1o
all ‘these
tail. the

femur : 4o

extensive ares on the cosial plalte corresp-
the eighth and ninth trunk vertebrae. In :
chelonians it acts as the flexor of the
shift of insertion of the muscle from the

the costzl plate and the muscle becoming

the flexor caudse profmndus insitead of remmining as

caudo=~femoralis as in lizards and crocodiles are

accountable since the tail in the cheloniang has lost

its function as an active organ of locomotion or
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defense snd offense as in the case of lizards and
c;ocodilesb In ligards and crocodiles the tail bends
onn one side as the“leg of the same side moves forwards,
This action of the teil in relsition to the leg moven-
ents helps in propelling the body ahesd., A movement of
this kind is possible only if the tail is & massive
one and it touches the ground, ‘the tall in Chelonia in
general is very much reduced and does not touch the
ground or even if it doeg,it is so ill-developed and is
of so little consequence that the propulsion of the
body, which has become very bulkysqunwieldy and heavy,
becomes impossible. in forms which swim, the question
of the tail touching the ground and the propulsion of
the body by its agtion doss not arise a2t all zand so
the $ail is musch reduced and ill-developed in them
%00, Such a change has taken plsce in the mammals also
(Haines;] 1935).

the retractor penis (Figisisssyy is very well-

developed in all male qﬁ?onians, while the correspond-
ing one in the female is ill-developed and is attached
to the clitoris. It ériees from the last coslizal plate
closely adjacent %0 the sacral vertebras. the fibres
run posteriorly downwerds and turn over to the ventral

side of the eloaca to be inserted on the wall of the
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cloaca where the penis or clitoris is situated., The

muascle during its course runs over the ischio-caudslis

and at the point of insgerition the fibres of the muscle
of eitheq%ide run gide by side and gain thelr inseri-
ion. This muscle zscts as its name indicates as the

retractor of the penis or clitoris,.

Besides these long ceudal muscles, there are
the short muscles on the dorsal and the ventral sides
of the czudal vertebraoe., 'the dorsal group in acting
as the extensors gnd the weniral ones as the flexors

of the %8il veriebrae bring about interveriebral

movenents,

On the dorssl side the exibsnsor muscles consiss

of the spinalis and semi-spinalis ( exiensor caudse,

of Owen, 1866) muscles showing the primitive segmenial
and the typical reptilisn ( criss-croass ) arrangements.
A spinslis muscle (g, ) arises from the posterior
border of the transverse process of one veriebra and
gets inserted on the region of ihe neural spine of the

o

next anterior vertebra. A gemi-spinalis (Eig, 3

ariges from the bage o0f ihe tronsverse process and also
from %the side of the neural arch of one vertebra and

running forwards and outwerds gains insertion on the



‘ 107

posterior border of the transverse process of the next
preceding vertebra, In all the Ghelonians studied, the

gpinalig-semispinulis system of the first three caudal

vertebrae arce very well-~developed and massive. They
are inseried on the posterior border of the last costal

plate by the side of the vertebral column, Under cover

of the gemi-gpinalis are the short vertebral muscles,

the interitrangversarii which extend between two trange

verse processes,

On the ventrusl side of the tail are the flenor

muscles called flexor caudae inferior (Owen,18606)

arising from the transverse process of one veriebra
and inserted on the side of the body of the nextd
pﬁ?cediﬂg yertebrao Tthe museles arising from ‘the

first three caudal vertebrae are well~developed and
are inserted on the quy of ‘the second sacral vertebra
and also on the costal plate covering the sacral
vertebrae, This set of caudel flexors present in all
the chelonians is called flexor caudae lumbalis by
Owen (1866).




THE APPENDICULAR MUSCULATURE 'OF LIZSEMYS PUNCTATA

Reptilian musculature exhibits a basic primitive
pattern from which the highly advanced and modified muscu-
lature of birds and mammals have been defived. ‘the
primitiveness is more apparent in the muscles of the limbs
owing to the limitation in locomotion. Amongst the
reptiles again, the Chelonia are an interesting group
which shows seversl singulurities and modifications in
pracitically all the systems of the body primarily‘as a
result of the development of a body shell consisgting of
the carapace and plastion,. ¥ith the ability of the animal

to tuck itself into the shell as an excellent mode of
defense the general orientaiion of the appendicular ske-
leton had undergone considerable change with the result
that the muscles of the limbs underwent certain pronounced
deviations from the typical reptilian pattern as

in
evinced By the Lacertilia;
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MUSCLES OF ¥HE FORELIHMB

The pectoralis is a broad, fan shaped muscle
having its origin on the pléstron and along the margin
where the carapace joins the plastron at the postero-
lateral boundary. the ovigin of the pectorslis muscle
is the same as in the other reptiles and mammals when
it is considered that the plastron of the Chelonia
comprises the modified sternum and the clavicles. All
the fibres of the muscle run obliquely forward and
converge towards the lesser tuberosity on the proximal
end of the humerus, where it gets inserted by a thick
tendon. It is innervated by the branches of the first
and the second dorsal nerves and acts as a powerful

adductor of the arm,

fhe deltoideus (EFig,F€¢ ) arises by two heads,
a clavicular one from the epiplastral region of the
plastron and the other, the scapular arising from the
outer surface of the acromion process of the scapula
(precoracoid).finally both the heads join together and
gein g common insertion on the bony protruberance near
the head of the humerus. In the case of the spiny tailed
lizaerd, Uromastix, the scapular part of the deltoideus

howevers avises from the suprascapula (George,1948)..
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In lizards the primitive deltoideus during the course
of i%ts developmédt has given rise 1o three distinct
heads, the clavicular, the scapular snd the third one

which is the scapulo~humeralis anterior muscle (Homer,

1944). 'the presence of only the first two in Lissemys

probably denotes. that the third one (scapulo-humeralis

anterior) has not been separated out as had happened
in the ligards. If this suppositionﬁs true then the
deltoideus of this animal is more primitive vhan that
of the lizards. This muscle is:powerful abdugtor of

the arnm.

On reflecting the sbove muscles the second
layer of muscles consisting of the biceps, the coraco~

brachislis and the supra-coracoidceus, is exposed,

The biceps (Fig.5¢ ) arises by two fleshy heads
from the posterior border of the coracoid and proceeds
in two bellies one being larger and longer than the

other, The larger, the biceps guperficialis (Fig.5¢ ),

srises from the posterior margin of the corasecoid at

its free end, while the smaller one, the biceps profu-

ndus (Fig.5¢ ), arises from the proximal part of the
same border of the corscoid. the two bellies run

laterally and gain separste insertions. The hiceps
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profundusi becomes thin chord-like and™-tendinous and
gets inserted aslong with that of brachialis on the
proximal part of the radius and ulns, where both are
closely apposed to one snother., The common insertion

of the biceps profundus and the brachialis is the only

indication that the posterior psrt of the brachialis

was united with the biceps profundus during develop-

ment (Romer, 1947). The biceps superficialis shows a

slight tendinous conatriction on its fleshy belly and
finally becomes tendinous as it procseds outwards,
The tendon is partly ensheathed along with the tendon

of the biceps profundus in a common tendinous covering,

The biceps superficielis gets inserted on the distul

half of the radius and also on the radisle. In Crysemys

the biceps superficialis consisgts of two fleshy paris

separaeted by a conspicuous tendinous part but theve is
no such prominent separaztion of the two in Liscenys

but as already stated only a thin tendinous intersegt-
ion is present. In Uromastix, however, bothd the heads
of biceps have a common insertion on the upper end of
the radius ( George, 1948). 'The biceps in Lissemys acts
as the flexor of the forearm und the adductor of thu

arm and 1o a very limited extent the manus also.

rhe supracoracoideus (Fig. §% ) (the subcorsco-

ideus of Owen ) arises from the entire ventral surface



of the coracoid and also the posterior border of the
precoracoid. the fibres of these two separate heads
decussate and finally run oulwards and get inseriad
on the lesser ftuberosity of the humerus. The muscle
occupies the major part of the fenestra bounded by
the precoracoid, coracoid and the acromio-coracoid
oY precoraco-corzcoid ligament. it is an sdductor of

the arm.

The coraco~brachialis brevis (Figilésl) is a

small muscle, Just under cover of the supracoracoideus,

in frontoof the biceps profundus. It runs along with

the biceps profundus in early sbages of develoopment

but later geis separated. It arises from the posterior
border of the coracoid at its proximal end just in

front of the origin of the biceps profundus, runs

outwards and gets inserted on the hollow between the
two tuberosities at the proximzl end of the humerus,.

Owen has nemed this muscle as teres minor. It acts as

an adductor of the arm.

The dorsal group of muscles that have atiachie
ents to the shoulder girdle consists of the latissimus

dorsi, the teres major; the subscgpularis and the

corzeobraghialls magnus .
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vhe coracobrachialis megnus (Fig. 57 ) (subcor-
acoideus of Dwéﬂ‘fi?oble and ﬁoble;%'arises from the
entire dorsal surface of the coracoid and also some part
of the dowsal surface of the acromio~coraceid’ ligament,
1t runs outlwards and gets inserted on the greaver
tuberosity of the humerus. Lt acts as an adductor of
the arm sud o some sxtent a laleral rotator of the
UPpper arm. .In lizards, too, this muscle is the most
prominent muscle on the dorsal side in the coraceid

region. in crocedile, however, it is absent (Romer,1944).

the labissimus dorsi{Figisés7) has a Ffleshy

origin on -the carapsce at the first cogial plaie near
the veriebral column. After taking a broad origin, the
mﬁscle rung outwards and downwards and narrows down into
g flat, short tendon which gains insertion on the outer
gside on the neck of the humerus. this muscle in other
repbiles like lizards and crocodiles is flat and fane
ghaped arising from the spines of the first few thoracie
vertebrae or the fascia covering this region. Iv acls as

a vetractor and an adductor of the upper arm.

the tere major (Figistdl) which is an adductor
of the upper arm and forms a large muscle mass on the

antero-dorsnl side of the gcapula arises from the



enterior border and the medial surface of the proximal

7

i
end of the scapula and the suprasespula. It runs

laterallytowards the humerus and finally gains insevie
ion on the dorsal side of ithe neck of the humerus.

This muscle runs side by side with the latissimus dorsi

during development and later:as the adult sitage is
rezchel, gets separated at the point of its origin bhut
s1ill shows a somewhat comﬁeﬁ inseytion, on the neck
of the humerus. In Uromastix, (George, 1948) and other
limards the muscle is absent which deﬁotes that it is

a special acquisition in the Chelonia awong the reptiles

and must have remained as a part of she latissimus dorsi

in the repiiles. In turitles this separation of tne

teres major from the latissimus dorsi has been necessi-

bated by the modifications in the shkeletokh and the limb
movements, A separate teres major is also present in the
birds and mammnsls and must have wmade its appesrance as

a result of the increased scope of ithe limb movementis,

‘the subscapularis §FigifsS7§ is the moat massive

mascle on the postero~lateral side of the sespula. It
arises from the antero-dorsal and the dorso~-posierioxr
border of whe suprascapula and also from the entire

dorsal and posiero-veniral border of the scapuls, All

the fibres from these different parts run laterally

11
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and converge nezr the dorsal rim of -the glenoid cavity,
where the muscle becomes tendinous and gets inserted by

the side of the insertion of the coracobrachialis magnus,

an the outer tuberosity of itne proximal end of the hune-
rug. It acts ss an adductor and to some exient as a

Jateral rotabor of the arm.

“he §g§plaviué (Figgn;g arises from the under-
surface of the first costal plate and gets inserted on
the suprascapula and the adjoing parit of the scapula by
a ‘thick btendon, Itlkeeps the girdle in position.

5657
The serratus magous (Figd ) is a flat sheet of

of musele on the dursal side of the shoulder girdle., It
has & long linear origin from the antero-~lateral border

of the carapace where the carapace gets albtached to the
plasiron, 'the posterior half of the muscle runs nmedially
and Tinally gains s fleshy ingertion on the entire antero-
dorsel border of the coracold, while the znterior half of
the musecle gets ingerted on the postero-veniral border of
the scapula. the muscle acts as a depressor and the lateral
rotator of the shoulder therby bringing about a slighit

abduction of the srm,

the acromio-brachialis (g  arises from the

entire antero-dorsal border of the precoracoid {(acromion
process of scapula) and geits inseried on the dorsal side
of the neck of the humerus and also on the lesser tubero-
sity of the same bone. 1Its action is similar to that

of the deltoideus but is a less powerful
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abductor of the arm. the homology of this muscle is doubfe
ful but it could be regmrded as the acromisl pawt of the
deltoideus.

the triceps (FigisuS]) musecle completely covers
the dorsal side of the humerusg., It arises by three sepa=-
rate heads, the dorsal one Ifrom the antero-doesal part
of the rim of the glenoid cavity, the second head which
is just under cover of the first arises from most of the
dorsal surface of the humerus, while the third from most
of the ventro-mediazl surface of the humerus. the first
two heads unite together and form g thin flat tendon
which gets inserted on the outer surface of the olecranon
process of the ulna, while the third one gains its
insertion separately by a narrow tendon on ‘the outer
condyle of the proximel end of the ulna. the first . two
heads of the triceps act as an exiensor, while the third
as the flexor of the forearm.

1he brachialis inferior (Tigs?’7) is a fan-shaped
muscle having a broad origin and arising from ithe proximal
half of the humerus at the delioid ridge. The fLibres
converge to form & thick tendon which finally is inserted
on the ulns. The insertion of this muscle is along side
with that of the smaller of the two bellies of the biceps,
-the biceps profundus. the brachizlis acis as.a flexor and
a lateral roitaitor of the forearm.

MUSCLES OF iHE POREARM AND HAND:

_ The dorsal muscles of the forearm in Lissemys
present an interesting arrangemenit distinct from the
general pattern and disposition of muscles found in
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other repitilian groups. these changes in the arrange-
ment of the muscles is esgentixlly due to ‘the shifting
of the ulna to the dorsal side of the radius. The
extensor muscles occur in two layers with the external

radialis longug; the externel radialis brevis

(extensor —cerpi-radialis brevisj)s the exiensor digi-

torwna communiss the external ulnaris and the supinator

forming the upper layer and the extensor digitorum

profundus forming the deepexr layer.

fhe external radialis longus (Fig.%¥ ) is a

composite muscle formed of the brachio-radialis, the

extensor pollicis, znd the extensor indicigy a2ll hzysing

a common place of origin namely the inner condyle of

the humerus at its distal end, More or less at the
level of the proximal carpals the muscle is differti-
ated into three slips. The medial one called the

extensor indicis, runs tewards the lateral side of the

index finger and geits inserted on the base of its
proximal phalanx along with the slip of the extensor

digitorum communis to,this digit. the middle slip

which is +the extensor pollicis runs on the dorsal side

of the thumb and geins a fleshy insertion on the
dorsal side of the proximal end of the proximal phalanx

of the thumb. The ‘third, the lateral one, which is the
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most massive of all the three, gets inserted on the
inner gide of the first phalanx of the thumbd and forms

the brachie-radiliglis. the brachio-rzdislis in mommals

has the same source of nerve supply as the extensor
groups of muscles and so it is probable that this
wuscle ig sotually derived from the dorsal group of
muscles evidently as a result of the shifting of the
ulna gas alveady mentioned. Horeover it is not a
completely separate muscle but has a common origin

with the extensor pollicis which is a part of the

extensor group of muscles,.

T*he external radialis brevis (extensor-carpi=-

radialis brevis) (Fig.sy ) arises as a very thin ten-

dinous strip from the lateral pondyle 0of the distal
end of the humerus and also from the entire outer

surface of the radius. It runs towards the thumb and
gets inserted on the radiale. It acts as an extensor

and a lateral rotaitor of the first digit.

The extensor dizitorum communis (Fig. sy )arises

from the dorsc-lateral side of the outer condyle of
the humerus st its distal end and alse carries fibres
arising from the outer side of the shaft of the ulna.

Such an origip from the ulna galso is rather unususgl
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but has teken piace due o the shifting of +the ulns
‘dorsalward. As ‘the muscle approacnes the menus and
comes to the level of the dié%al end of the ulna it
presents a tendinous intersection, from where the
muscle proceeds in four fleshy slips each of which
#ehs inserted on the outer side of the second o the
fiféh metacarpals respeciively. and the base of ths

" respective proximal phalanges. vhe first digit which
has an extensor of its own does not receivg a slip
from this muscle. The insertion of these muscle slips
on the latersl side of metacarpals and the base of the
phalanges is a specialization for a powerful outward
beat of the hand in swimmingg‘lﬁ acts as a powerful

extensor znd g lateral flexor of the manus.

the external ulnaris (Fig.s¥ ) is a well-

developed muscle situated on the outer gide of the
forearm. It consists of two componeni muscles, which
are separate only towards the insertion, an extensor
part dorsally and s flexor part ventrally. this
common muscle mess grises frém the ouver condyle of
the distal end of the humerus and remaing as a single
belly upio the distal end of the ulna where it bifur-
cates, the dorsal of the two zets inserved on the

distal end of the ulna and the dorso-lateral side of
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the ulnare, while the other runs on the veniral sids
of ulne and gebs inserted on the veatrel side of the
distal end of the ulna and the ventro<latergl side of
the ulnare, Such a spiit composition of the muscle is
a specislization for the paddling movement of the

forearm in swinming,

the gupinator (Fig. & ) which is a poweriful
muscle does not act as the supinator of the other
vertebrates bulbt as a powerful extensor of the forsarme.
It avises from tvhe dorsal surfuace of the humerus a2t
its distal end end also from the outer surface of the
proximal end of the ulne and gains a tendinous inseve
tion on the fused intermedium and cenirale on the
balmer side. In the natural course of events the
insertion of this muscle should have hsen on the radilus
but owing to the ulna having been shiited o a2 position
dorsal to the radius, it has a acquired the present

ingertion,

the extensor digitorum profundus (Fig.s¥ ) avises

from the fused intermedium and centrale. It divides
itself into four muscular slips and each one runs for-
wards, towards the digits, where the first slip which

is the longest goes to the thumb and gains insertion on



the medial side of the proximal phalanx of the thumb,
Yhe second one is inserted on the dorsal side of <the
middle phalanx of the second digit. 'the third and the
fourth are inserted on the dorssl side of the proximal
end of the fourth phalanx of The third and fourth
digits respectively. The lust digit does not receive

any muscular slip from the extensor digiitorum profundus,

The muscle acts as an extensor of the msnus as a whole
and also of the first four digits in particular through
the respective digltal slips. It must be mentioned,
however, that owing b0 the insertion of the Tirst slip
on ‘the medial side and then on ‘the dorsal side of %ﬁe
proximal phalanx of the thumb, the muscle is movre of

an sdductor of the thumb than an: extensor.

On the flsxor side of the forearm the superfi-

cial layer of muscles consiis .of the flexor-carpi-

ulnarisg, flexor-carpi-rasdislis and the palmarig longusg

while in the hand the flexor digltorum brevis forms

the most superficial muscle.

the flexor-carpi-radialis (Fig.5] ) arises

from the inner condyle of the distal end of the humerus.
It has a broad origin with the fibres later converging

towards the distal end of the radivs o be inserted on
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the distal end of the radius and the radisle,

The pronator teres: (Fig. 57 ) is a very well-

developed muscle which as the name indicates acis as
a pronator of the forearm, It arises by a fleshy ori.
gin from the inner condyle of the humcrus at its
distal end and gets ingerted on the disval end of the

radius by a thin tendon,

At the distal end of the radius on the fLlexor
side thsre is a thiwn tendinous transverse plate the
flemor retinaculum covering the distal ends of the

flexor-garpi-radialis, pronator iteres and flexor-

carpi-ulnaris,

The flexor digitorum brevis (flexor brevis

superficialis , Haines, 1950) (Pig.t} ) srises from

the flexor retinaculum snd the palmar aponeurosis.
and goon differntiates itself into four short flieshy
slips which go, one esch to the second to the fifth
digits respectively. The slips corresponding to the
second, third‘and fourth digits are furither differen—
tiated into =2 pair of thin ftendinous parts which run
on the cither side along their respective digits to

be inserted on the proximal end of the last but one
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phalanx. The small thin slip of the Fifth digit,
however, does not show any such differentistion and

its thin tendon gets fused with the main flexor tendon,

The flexor pollicis brevis (Fig, 55 ) arises

~from the fexor retinaculum and gets inserted on the
proximal end of the proximal phalanx of the first

d iégj.'{; »

the abductor pollicis brevis (Fig. $F ) is a

small muscle a¥ising from the radianle and gets inseried
on ‘the outer lateral border of the first metacarpal end
the proximal end of the proximal phalanx of the firct

digit.

The abductor digiti minimi (Fig.;j ) arises

partly from the outer side of the fihscia on the disisl

end of the external ulnaris ( the composite muscle

formed by extensor-carpi-ulnsris and flexor-carpi-ulnaris)

and partly from the flexor retinsculum. Its fibres then
converge and finally get drawn out into a thin long
tendon which geis inserted on the outer side of the
terminal phalanx of the last digit. It acts as an

abductor of the last digit.
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the abductor pollicis brevis, the flexor

pollicis brevis and abductor digitl minimi belong to

the £lexor brevis suverficizlls group of muscles

(flexor digitorum brevis ) Haines, 1950.

The deep layer of the Flexor muscles consists

of the flexor digitorum longus, propator guadratus and

pronator profundus.

1

The flexor digitorum longus (Fig.S$7 ) in Lissemys

congists of itwo heeds, unlike in Varamus where it
consists of five heads (Haines, 1950) of which the three

arising from the humerus, are the , condylo-radialiy,

condylo-ulnaris, centralig and the other two of which

one drises from the shaft of the ulna and the other
from the carpal, the ulnare, The one avrising from the
shaft of the ulna, in Varanus, forms a broad and thick
flexor plate Lo shich the three parts arising from the
humerus are sttached, In Lissemys, one of the two heads
of the muscle arises from the venitral side of the shaft
of the ulna and the other arises from the ventral side
of the shalt of the radius. The fibres of both the heads
decussute and finally vun towards the carpus where at
the level of the distal ends of the radius and ulna and

the carpals these fibres forn a well--developed tendinous
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plate, the flexor plate, which later divides into Tour
thick tendons wach of which runs towards ils corresp-
onding digit: (the first four diglis). After sraversing
through the ligmmentous tunnel at the joints of the
phalanges each one gets inserbted on the proximal end

of the terminal phalanx of its respective digit. chis

T muscle is one of.the nost powerful flexors of the digits,
The presence of only a couple of heads for the flexor

digitorum longus in ILissemys appears to be a degenerate

condition, as the animal heving congiderably lost the
prehensile «bility of the hand. These muscle heads nay
therefore be regurded as qorréspondimg to the deep,
masgive muscle referved to by Haines (1950) as aris.ng

Trom the shaft of the ulne in Varanus.

“he pronator profuandus (Fig.sy ) is a very

pqwerful pronator of the forearm ard menus which arises
as a broad nassive muscle beily from the proximal end
of the ulna and rung obliquely downwards narrowing
downn to be inserted on the adjacent surface of the
distal half of the radius, the palger surface of <he
carpals and by a thin tendon which goes further to get

inserted on the proximal phalanx of the first digit.

The pronator guadratus (Fig.yT ) is a small




pronator nmuscle situated just under cover of the

pronator profundus,it arises from the lower half of

the medlal suvface of ths ulna and is inserfted on

the carpal and the distal end of the radius.

The contrashentes (Fig, 47 ) belonging to the

fﬁrst and the last digit arise from the ulnare and the
radiale raespectively, while those of the second,

third and fourth digits arise from the dorsal surface
of the flexor plate. All of them proceed bowards

their respectivo diglits and f£inally get inserted on
proximal end of the second phalanx of their respeciive
digits. These muscles arve guite powerful and sct as

the flexors of the digits,

the lumbricals (Figét,s7 ) arise from the
carpals and proceed in four pairs towards the second,
third, fourth and [{ifth digits. ‘the couple on reach-
ing the digit separate and run forwards independently
along the sides of the réspective digits and gain
their insertions on the bage of the subterminal
phalanx. there is cnly one lumbrical on the medial
side of the Fifth digit. It is interesting to note
that some f£ibres of the lumbricalg get insersed on
the web also fthereby Fendering the webbed manusg a
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more efficient orgen for swimming.

On the lateral side of the second phalanx of the
second, third,fourth and £ifth digits the interosgRi
muscles occur a8 small muscle bundles which srise from
%hé second phalanx and get inserted on the proximal

end of the nezt adjacent phalanx,
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MUSCLiEs OF wHE HINDLIMB

the attrahens pelvium and the retrahens pelviun

(Dwen, 1866) (Fig. 6* ). On removing the plastron these
muscles are the £irst ones to be encountered, rhey arise
from the xiphapiasiron and gel inserted on the pubic
spine and on the venitral side of the distal end of the
pubis. the former aets as a medial rotator of the pelvis
while the laiter acting alternately with the former acts
as a laieral rotstor of the pelvis, the homdlogy of these
two muscles is doubtful, It is suspected that they

correspond to the rectus abdominis,.

the next layer of muscles is exposed when the
above muscles are reiflected. This layer consists of the

Yollowing nmuscles, the pubo-ischio-tibiglis, semimembri-

nosus and biceps femorig.

the pubo-ischio-tibialis (Fig. t* ) is the primi-

tive muscle mass from which the mammalisn gracilis is
derived, the origin of this muscle is from the lateral
process of the pubis by a thin, broad and membranous
‘tendon. The tendinous strip of the muscle of either side
cross and fuse with one another in the middle oFf the

obturator foramen and then again scparate and become



fleshy and finally unites with the semimembranosus and

biceps femoris of the same side., All these muscles together

Torm into a single belly which latexr thins out into =
membranous tendon and finally gets inserted on the lateral
side of the proximal end of the tibia. It acts as an adde-

ctor and also medial flexor of the shank,

the semimembranosus (Fig.¢* ) is a massive muscle

which erises along the median line on the posterior part

of the ischium. Yhis fleshy belly joins the pubo-ischio-

tibialis to gain & common insertion on the tibia, It is

an adductor of the foot and shank.

The biceps Temoris (Fig.(» ) szrises by two heads,

one spaller than the other, tThe former arises from the
vertebrae at the proximal end of the base of the tsil, and
the laitter from the posteriormargin, st the junction of
the median marginals and thé carapace. these. two bellies
Join to form a2 single massive muscle which finally joins

with the pubo-ischio-tibialis and semimembranosus and

have a cowmon insertion on the lateral side of the tibia
by & thin f£lat tendon, [t sacts as the adductor of the shank

and foot,

Yhe third layer of the muscles on the ventral side
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comprises of ‘the following muscles, the pubo-ischio-femoralis

externus, adductor longus, adducior femoris, sariorius and

gsemitendinosus.

vhe pubo-igchio-femoralis externus (Figébe ) is =

flat triangular muscle which arises irom the pubic symphysis
and from the ventral surface of the pubic bone. It runs
posterlorly outwards and finally gets inserited on the inner
trochanter of the femur by a thick tendon., this mascle

brings about abduction and medial rotation of the thigh.

the adductor longus (Fig. (¢ ) is a peculisr muscle

because its origin is not on the bony part or anywhere clse.
the bel;ies oY the either side have their median end joined
with one another along the midavengél gine at the level of
the ischial symphysis forming the muscle mass which runs
from one femur to the other. The bony origin must have been
lost as the pubis having moved antefiorly and {the ischium
posteriorly. The insertion of the muscle is on the inner

troychanter along with the pubo-ischio~femoralis externus.

As 1%s name suggests the muscle acts as an adducitor and

a median flexor of the thigh,

the adductor femoris (Pig. (¢ ) is the priuitive

reptilian muscle which gave rise $o the adductor magnus
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and adductor brevis of the mammals. Here it is found as

2 gingle muscle muss, asrising from the ischiazal symphysis
on the ventral side of the girdle and runs laterally
outwards and finally gets ingserted on the inner trochanter

along with the pubo-ischio~femoralis exfernus and the

adductor longus. it zets as an adductor of the thigh.

The sartorius (Fig.6? ) arises by z thin narrow
tendinous glrip from fhe middle of the 1&t§ral border of
the pubis and runs downwards and outwsrds towards the
leg. During i%s course i% becomes fleshy and finally
galns its ineriion on the proximal end of the tibia by
a flat tendon, This muscle acts as the lateral rotator

and to some extent as the extensor elso of the thigh.

The semitendinesus (Figie, b)) is a large, nassive

magcle arlsing from the dorgal surface of the ischial -
symphysis and runs ateraliy outwards and gains its
intertion on the lateral side of the proximal end of the
fibula by a tXough tendon; while a thin membranous tenden
which separates out from the point of insertion -geis
inserted on the medizl border of the éis%al end of the

femur. The muscle gets as an adductor of the shank,

+vhe following muscles are found onh the dorsal
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side of the pelvie girdle ; the amblens, pubgo-ischio-

femoralis internus and pubo-ischilo-feroralis posterior
in the ischioc-public region while in the region of the

iliun the ilio-femoralis, ilio-Gibialis, ilio-fibuluris

and caudo~%ibialis muscles are present.

the ambiens (?igi@&*) is a very long flat muscle
which urises from the anterior half of the ischial
symphysis on its dorsal side and runs loterally eouitwards,
covering the dorsal side of the thigh, and gets inserted
on the proximal end of the tibia by a broad tendon. it
acts as an extensor and to a certain exteni a lateral

robator and abduetor of the shank,

The ilio~femoralis*(?ig§$w9) is formed of four

bﬁ;lieso One is the femnro~coccygéal part which has a
wide origin from the laterel side of the centra on the
proximal part of the tail and the distal sacral veriebra,
is the largest belly and runs over the ilium and then
narrows down to be inserted on the outer trochanter of
the femur and also on the neck of the femur. The second
belly arises from the dorsal side of the misdle part of
the ilium; runs upwards and geis inserted on the ocuter
trochanter of the femur aiong with the first. the third

part is very small and arises just anterior to the second



one on the dorsal side of the proximal end of the ilium,
1% runs over the neck of the femur end is inerted on the
dorsal side of thefhner trochanter of the femur. Lastly
the fourth one which srises from the last costal plate

of the carapace, nemyr the sacral region.by the side of

the vertebral column, runs laterally upwards and outwards

to get inmeritcd on the dorszl side of the outer trochanier.

this group of muscle iz homologous to the gluteus group

of muscles and the ftenscr fascia lata of the mammals,

the action of this muscle group is medial rotation and

adduction of the thigh.

the ilio~fibularis (Figogﬂgf) corresponds to the

mesmalian tendissimusg muscle. It arises from the distal

end of the ilium‘and runs laterally outwards to getg
inserited on the medisl spinous projection ovf the fibula,

thas muscle brings about the adduction of ithe shank,

the ilio-tibialis (Figob(m ) whiech correspdnds

10 the rectus femoris of mammals arises in this animal

from the darsal side of the distal end of the ilium by
a very narrow fleshy belly, but as it runs outwards

: awdd,
towards the tibia it widens out g later becomes mewbran-

ous and by a thin tendon gets inserted on the proximal

half of the lateral border of the tibia. whis is however
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not e direct insertion on the tibia but on the fascia of the
muscles on the tibia. It mcts as an adductor of the shank.

‘the pubo-ischio-femoralis—internus anterior (Fig. ¢l )
arises from the ventral surface of the pubic spine and also
from the most of the surface of the pubic bone on the same
side. [t runs obliquely backwards and ouitwards and finally
gets inseried on the outer trochanter of the femur. There
is a posterior part of this muscle which 1s havéng its
origin from the veniral surface of the pubic spine and
gets inserted on the outer trochanter of the femur. This
part is the pubo-ischio-femoralis-internug posterior (Fig. br )
Both these muscles act as the abddetor of the thigh.

The caudo-tibialis (Fig.ll )is a long muscle which
arises by a very narrow origin from the lateral side of the
centra of the proximal caudal vertebrase. It runs laterally
outwards, widens out into z Llat belly and by & thin membranous
aponeurosis gets inserted on the musgles on the lateral side
of the distal half of the tibia. This muscle acts as an addu-
ctor and partly as a medial rotator of the shank.

the femoro-tibialis (Figi(y()) is a massive muscle
lying on the dorsal side of the thigh., It arises from the
anterior surface of the ligament which connects the head of
femur to the acetabulum and also from the base of the greater
trochanter and the medial and lateral surface of the femur
anteriorly. The fibres from the medial and the lateral sur-
faces decussate with esch other, giking a pectinate appear-
ance to the muscle. the muscle then becomes tendinous at
the level of the distal end of the femur and gets inserted
on the proximal end of the tibia. It is an extensor of the
shank.

fhe gastrocnemius (Fige.bd ) whigh is a powerful calf.




muscle arises by two heads. One arises from the dorso-latersl
condyle and the other Ffrom the medial condyle of the femur,
the former consists of a larger belly than the latler. ‘ihe
two heads remain separate, and their fibres get inserted on
the broad aponesurosis which is developed on the anterior
surface. ‘the aponcurssis of both the heads unite itogether

and finally gaés inscerted on the lateral and the dorsal

gide of the intermedium, It is a powerful Ilexor of the

foot,.

the next layer consisis of the foliowing muscles,

the plantaris, soleus and adductor hallucis.

The soleus (Fig.l) ) is a very well-developed
muscle which arises from the lateral condyle of the femur
and joins with the tendinous sheath of the planier:.
aponeurosis, which is partially inserted on the tarsals.

. . Sl R
this muscle is glso & powegﬁflexor of the foot,.

the plantaris (Fig. [y ) which in the mammals is
not well-developed but is found as a very thin strip in
Lissenmys consigts of two well-developed bellies., Both
the bellies have a common crigin&rep.the pasterior side
of the proximal end and also the entive lateral surface

of the tibia., Tthey run towards the foot and unite to form
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a single ‘tendinous membrane which on reaching the food
| splits up into two parts a thin a broad one, The thin
part gets inserted on the metatarsal of the second digit
“while the other forms a tendinous sheath over the other
musgcles in the foot and is known as the planitar aponeur-

o8is, It is a flexor of the foot,

the abductor hallucis (Fig.(} ) is a very power-

ful muscle arising from the medial side of the proximal
end of the tibia snd & few fibres also arise from the
ligament which Jjoins the tibia with the feiqur, this
miscle runs on the medial side of the tibia and gains
its insertion on the first phalanx of the first digii by
a tendon. A long thin sirip from this tendon also runs
fprward and gets inseried on the Yase of the terminal
phalanx of the same digit. the muscle acts as & powere—

ful abductor of the first digit.

the peroneus (Fig.() ) consisis of a single
wuscleg mass which arises from the proximal end and also
the entire lateral border of the fibula and is inserted
by a thin tendon on the fibulusre. It is also one of the
flexors of the foot.
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The iibialis posticus (Fig, 6% ) which is the deep-
est flesor muscle on the shank is & thin flat muscle
which has its origin by two heads, One head arises Irom
the posterior surface of the tibia and the other from the
a&jaéent surface of the fibula. Fibres of both decussute
and by a common tendon it gels inserted on the intermedium,

It acts as the flexoyr of the foot.

The gaplitéus (Pig.CL ) is a small trianguler
miscle arising from the lateral side of the proximal end
of the tibia by a very narrow strip. It runs transversely
towards the fibula and gaing its insertion by a broad
tendon on ﬁhe medial border of the proximal end of the

fibulare.

The flexor digitorum longus (Fig¢£>) arises from

the plantar aponeurosis. 1t spreads over the metailarsals
and gives oud tendinous ;trips'one to each digit except

the lust one. These tendinousstrips are inserted on the

proximal end of the last phalznx of each digit. 'the

muscle acts as a powerful flexor of the firgt four digits.

The Fflexor digitorum brevis (Fig.()) arises from

the tarsals and then splits up into four bellies and each

one of them runs towards the digits where they get
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inserted on the distal end of the respective mebtatarsals.
the last digit does not receive any part of this muscle.

The’muscle acts as a flegor of the digits.

the flexor digiti quinti (Fig.(h)arises from the

fibulare and gains & fleshy insertion on the proximal
end of the first phalanx of the last digit. 1%t acts as

g flemor of the last digit,

Tthe muscles of the dorsal side of the leg comprise

of the extensor digitorum communis, the extengor hallucis

longus,the abductor digiti quinti and the tibislis snticus.

rthe extensor digitorum communis (FngG%) is a

very prominent and well-developed muscle which arises by

a narrow tendinouws sirip from the distal end of the femur,
vYhe tendinous purt later becomes muscular and fluttens

oul and running downwards divides in%o Ifour small vellies,
One hzs iﬁs insertipn on the dorsal side of the proximsl
end of the terminal phalanx of the first digit. The second
and the third are inserted on the lateral side of the
second phalanx of the second and the thaird digails respeci-
ively. The last one which ié inserted on the entire lateral
side of the first phalanx of the fourth digit has alsoﬁa

" thin tendinous part which runs on the dorsal side of the



fourth digit and gebs inserted on the third phalanx of
the same digit. Owing to this type of insertion the

extensor digitorum communis is more of an abducior of

the hand in aciion than an exitensor, +his combined

action is of grealt value in paddling through waiser,

.

“he tibialis anticus (Fig.ci } arvises from $he
anterior side of thé proxingl end of the tibia, the
upper end of the Fibula and from the outer side of the
distal end of the femur, i{% runs obliquely downwards
‘and divides intwo two paris. One gels inserved on the
laberal side of the second phalanx of the fourth digit
by a +tenddn while the other alsc by a tendon gets
inserted on the dorsel side of the second phalanx of the
fifth digit. PYhe zuscle acis as an exiensor and slight

abductor of +the fourth and fifth digits,.

The extensor hallumis longus (Fig. (1 ) has a

common origin along with the exbensor digitorum communis,

but gets sepsrated from the exiensor digitorum comunis

and is inseried on the venitral and the laieral sides of
the second phalanx of the first digit, this muscle is
situated on kthe extreme outer side of the extensor

digitorum communis and acts zs the extensor and glight

abductor of the Iirst digit.

L



vhe extensor hallueis brevis (Fig. (%) is a small

thin muscular s?rip arising from the leteral side of the
distal end of the fibula. It runs obliguely downwards and
gets inserted on the inner side of the second phalanx of
the first digit. This muscle besides acting as an extensor

acts also gs an adductor of the first digit.

vhe exiensor digitorum brevis (Fig. (1) is a small

miscle which arises from the metatarsals at the Iibular
Jand and also some fibres from the extreme distal end of
ﬁhe fibula, After its origin the muscle divides into four
small strips each ofkwhich runs obliquely downwards and
gets inserted on the proximal end of the third phalany
of each of the first four digits respectively. The muscle

acts as an extenogor of the digits,

The interossel posgterior (Fig.ﬁl_ ) arises from

the tgrsals and also from the proximal end of the
metatarsal correspondipg o each digit on‘the dorsal
gide, Those of the first two digits get inserted on the
terminal phalanx of the respective digit by thin tendons,
Bhose oflthe third and $the fourth digits get inserted

by tendinocus strips on the third phalanx of the respect-
ive digits, and of the fifth digid gets inserted on the

proximal end of the first phalanx of the same digite



rthe ventral interogsei (Figi(}) arise from the

tarsals and the medial side of the proximal end .of ‘the
first phalenx of the second, third, fourth and fifth
digits. fhe ingertion of these muscles is on the lateral
aide of the second phalanx of the firsi, second, third
and fourth digits. shese muscles bring sbout the latersl

-

bending of the digits,
. there is one more set of the interossel muscles,
the interossei anterior (Fig.()) which is present on

either side of the second phalanx of the firs{, second,

third and fourth digits. Each set consists of two nmuscles,

an’ abductor and an adducior which arise from the medial
and the lateral sides of the proximal end of the second
phalanx of the first four digils respectively and gain
their insertion on the same gide on the proximal and of
the third phelanx of the respective digits., whese muscles

act as the laterul abductors of the digits.
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