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SUMMARY ARD NIl OBSERVATLIORS

I 4dhe skeletal and muascular gystemg:

1 A detailed description which is hitherto not availe-
eble and is very essentizl as a basis for the study
of musculature, is given of the axial and appendicular
skeleton of the comwon Indian pond turile, Lissemys
punciata,

2 A somewhalt compleie aecount of the cranisl and cervi-
cal magsculature of Liésemys and of the familiar indian

s

tortolise, westudo elegans is given and discussed. A

great degree of specializafion nod mei with in the

other reptilien groups and cerizin fundanmental differ-

enceg that strike a contrast between these two chelonians

have been noted, ‘
3 In Lissenys a bony transverse bar, the jugﬁloquadrate

bar, formed by the jugal in front,the quadrste behind

the quadrato-jugel in the middle, divide the zadducior

- mandibulse exbernug into an upper tempogg;gg and a
lower masseter muscle in the same manner as the zygo-
matic arch of the mammelian skull enables the foruae
tion of the temporalis and the masseter muscles in

the mammsls, The bony transverse bar of the skull



though present in vYestudo does not divide the

primitive adductor mandibulge externus into an upper

temporalis and lower massebery as in Lissemys.

In YLissenys the intermanddbulsris is{a specislly
organised muscle which aids in the lowering and raise

ing of the floor of the mouth. The hypoglossun

cartilage, absent in other reptilian groups has

special muscles to facilitate ils movements as well

as that of the fongue. These have been termed hypozlosso-

glossus and hypoglésgo-hyoideus, A well-developed

congtrictor colli keeps the neck compeci and aids in

2

its active movemenis. In restudo the intermandabularis,

geniohyoideus, genioglossus, hypoglossus, hypoglossow-

glossug and the hypoglpsso—hyaideus muscles which are

chiefly responsible for the throat movenenis snd the

movements of the tongue,zre present. *he genioglossus

is a single muscle unlike the one in Lisscmys which

o)

onsists of two, the genioglossus externus and

whe econsirictor colll in “Yesiudo forms a more or less

complete musculor envelope round the whole of the

neck unlike in Lissemys where 1% is restricted only 1o
the anterior half of the neck,

>

Yhe gpinalis cervico-capitis in Testudo consists of

five partis 1ns»eaﬁ of four in Lissemys. The presence
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of an additional part in destudo is perhaps to supp-
ort the neck which has undergone a severe bend at this
position,.

The semigpinalis snd the longissimus cervicis which in

Lissenys exigis as a complécateé system of muscles
1inked‘up with cach other for a characterissvically
varied und powerful muscular action, occur in “estudo
as simple muscles showing the primitive segzmental
arrangement,

the rectus gervicis in Iassemys extending from the

coracold Lo the hyoid, shows a transverse stendinous
intersection morc or less in its micddle and is divided
anteriorly intoc three belliec, two of which are
represented in the mammals as the omohyoid heving &

tendinous intersection and the sternothyroid, while

the third one 30 the oesophagus is specially developed

50 as to facilitate the retraction of the oesophagus

along with the head and neck, into the body shell, In

restudo the rectus cervieis remsains as g single muscle

even anterior to the iendinous intersecction unlike in
Lissemys where the muscle is divided anveriorly inte
three parts.

in Lissenye the retrachens capitis collique, the long-

est muscele in the Chelonia, is a composite ruscle,

Tormed by the sterno-cleidc—-mastoid derived from the
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primitive recitus capitis cervico-plastralis

ganteriorly and the pubo-ischio=femorslis poster

iorly. The retrachens capitis collique in Yestudo

is also a composite muscleg but formed by the

sterno~cleido-mastoid derived from the primitive

rectus capitis cervico-plasiralis and the longus

¢colli series of muscles,

The epexial snd the hypaxial muscles of the neck
showg the primitive segmenisl arrangement. 'the

longigsimus of each segment is divided into three

parts which show an initerwoven arrangement thai

is greatly responsible for +the compacthcess, stren-
gth and the intervertebral, movements of the neck.
in the posterior part of the neck at the level of
the anterior thorascic vertebrae, the epaxial and
hypaxial muscles are ill-developed or absent due

0 the presence of the carapace which considerably
reduces the interversebral movements.

the muscles of the eye are six in numbeszﬁgzgié

the one or more muscles of the nactitating membrane

which are prescnt in crocodilia,; other Chelonia

and Aves are absent, The tensor nasalis muscle acts

as the dilator of the nostrils in Lissemys but is

absent in Yeatudo.

1q&he action of the various muscles eoncerned in the
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principal movements of the head and neck, vig.,
protraction and refraction, flexion, flexion and
lateral rotation, exlension or elevation, exiension
and lateral roigtion, and lateral flexion, has been
indicated. In the f¥c¢éstudo the same movemenis are
present but in o considerably limited extent,

$he muscles of the trunk and tail, in the four

’ - (3}
common chelonians ngmely Lissemys punciata,irinyvx

gangevicus, Geomyda trijuga and destudo elegang

have been descrived and the followihg sre some of
the salient findings.

the carapace in tYestudo and to a lesser cxtent in

Geomyda having acquired the shape of a dome and the-

neck having undergone an unextendable bend, unlike
in Lissemys and frionyx, a groeat reduction in the

gpinalis-semispinalis system of muscles inevitably

resulied.
In the evolution of the Gheloniag, the lung acquired
a stristed nmuscle bag probably derived from the

intercostal musclesy which is retained in Lisscmys

and to a lesser extent in.Geomyda, but is reduced

t0 a mere membrane in the others.

fhe digphraguaiicus muscle which is welledeveloped

in Lissemys and Yrionyx is reduced o a mere membrane

in Pestudo and t0 & slightly lesser extent in Geomyda.
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17 <he retrachens capitis colligue is a highly

medified ond conposite muscle in Chelonia and 1t

18 suggested that 1t is formed by the sternco-cleido-

nagtoid anteriorly and the longus colli series of

the trunk and the pubo-igchio~femormlis posteriorly

in Lissemys,zhile in the others by thc sterne-cleido-

mgstoid and the longus colli series only.

18 “he flexor caudae superfieialis of the sail, it is

suggested, corvesponds to the ilio-caudalis and that

the hitherto unidentified tail muscle in restudc o

the ischio-caudalis of other reptiles.

19 Trom the present study it is evident that, of the
four chelonians studied, Lisseunys is the wmosit primi-
tive and Yestudo the most modified, with Geomyda
occupying an intermediste position, while‘mrionyx
is closer %0 Lissemys than to the others.

20 ‘the museles of the limbs in lissenmys are described
in detailg %heir changes in origing insertion and
disposition as a resuld of the peculisriiies in the

skeleton, have been noted and discussed.

Il Some physioclogical aspects of the skeletal and mugcular

systemg of Lissemyss

1 From the study of the water content of the long
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bone end carapace in young and adult ILissemys, it

ig found that the water conient of the carapacé is
nesrly half that of the long bone with the perceniage
of the total soléds correspondingly hig?r, in a

full grown turtle and that with increase in age the
water content gebs diminished.

Gince ‘the flugtuations in the protein content of

the long bone as growth proceedsy; are very slight it
is concluded that the protein content of the carapace
is nod build up at the expense of shat of the long
bone, ‘

it is concluded that the long bones are a store house
of calcium and that considersble amount of célciam is
transported to the carspace from the long bones in
building ué thé carapaed,.

A study of the gross chemical composition of the thigh
muscle in freshwater and terrestrial chelonians has
led. %o the conclusion that the freshwater ones are
secondérily adapted to & life in water.

A higher iron conient in the muscle of the more active
chelonians is noted.

A higher phosphorus content in the muscle of the land

forms posseszing a heavier body shell, is noted.
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1ii  rhe regpirastory sysitem and the mechanism of respira-

A tion in Lissenys, irionyx, Geomyde and resitudos:

1 On the fusion of the ribs and the formatlon of the
body shell in the evolution of the early Chelonis
resulting in the inability of - the body wall to
perform the respifatory movemenis, the inner muscle

sheath came 10 be formed probably from the initercostal

muscles, this acquisition of a muscular lung working
as a pair of bellows must have giVven the sarly
cheloniang their survival value,

2 the study of the £lank cavity muscles reveals a
general degeneration of some of these muscles in
vegbudo and “rionyx. Iin Poth these formg the innsr
muscle sheath which 18 s0 well preserved in Lissemys
is reduced %0 g mere membrane and the condition in
Geomyda shows & stage of transition. Again,; in Geomyda

the diephragmaticus part of the outer muscle sheaih,

shows a btransitional stuge between the one in Lissenmys
and “rionyx on the one hand and restudo en the other,

3 1In the nature of the flenk cavily muscles therefore,
Ligsemys and Geomyds are to be regarded as more primi-
tive than frionyx and “estudo wiih Geomyda as an

intermediate form;hatwéen Lissemys and the other two.
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Some evidence in support of this is availeble from the

recent work of wWilliams et al (1952) who on the basis

of their giudies on the plastron in Pestudinats and

Prionychidae have suzggested thet Lissemydinse sre a

primitive group.
4 the probable cause for the loss of the inner muscle
sheath of the luég of the higher Chelonia znd the

degeneration of the diaphraguaticus in the terrestrizl

forms like Testudoe could be the evolu%iont%hese

animals of larger lungs on which the musele bag was
more of a hindrance t0 their full expansion; and in the
mean~tine the acguisition of & better physiological
equipument for fixing a greater am&unt of oxygen siore
in the body for gradusl and slow uiilization,

5 Resgpiration in the Chelonia in general is effected by
the action of the flank caviiy muscles (McCutcheon,194%)
and probably by the movemenis of the neck and ihe linmbs
t00 (Wolf,193%).

6 In a primitive cﬁelonian like lisscemys wiith smaller
lungs and lesser oxyphoric capacity of the blood, the
inner muscle sheath on ‘the lung should’ be acting as
aipair of bellows in effecting expiration and inspira-
tion, the movements of the flank cavity miscles,and

the neck and limbs should also be helpful in the process.
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7 fwmong the higher forms like Trionyx and ¥reimochelys
in which therc is no muscle sheath on the lung, the
lungs are considerably lorger and their blood possess
a higher oxyphoric capaciby. Amongst them the less
~active forms like wvestudo,the oxyphoric cspacity is
considerably less than the more active ones like ‘rrionyx

and Iretmochelys.

A comparstive study of the merphologzy of the reptilian

lung:

4 A situdy of the structure of the lung in the various
reptiles representing the repltilisn orders hacertilia,
‘Ophidia, Chelonia and Crocodilis,has brought to light
considerable sbructural veriations of the lung as
a result of the radigpiion in the repiiles.

2 Among the ovders of repitiles, the lacertilian lung as
found in Calotes is a simple type with a shori bronch-
us which leads into a ceniral pulmonsary chamber which
through its, loteral chambers give rise to the lung
tissue. there is a2 small posterior saccular chaaber.

3 ihe\cheloniggzgppear5 relatively large in sisze. I3
has essentially the same structure as that of the

lizard but is more claborated with little or no
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saccular porition of the lung. Bach laleral chamber
leading from the central gpace is gplat up into
numerous alveoli. “he al?eoli are larger in size
commensurate with the larger size of the lung.

4 the greal peculiarity of the ophadian lung is its
long posterier saccular chamber. 1t is an obvious
adaptation to store up a large amount of sir, It
élso‘serves to inflate the body to sitiffen it in
taking short leaps when grestly terriried, It is
also suggested that the saccular part of the lung
enables the ground snakes to detect vibrations of
sound from the ground,

5 The crocodilian lung is even more specialised than
that of the chelonian in as much as there are more
nunerous alveoli in each lateral chamber. Due %o
the greater subdivisions of the pulmonary surface,

$he alveoli are much smaller.

‘the circulatory system of Ligsemys with notes on the

composition of blood of a few other chelonians and

gome snakes:

1 the circulatory system of Lissemys is described in

detail.



229

2 7he presence of large venous sinuses in turiles simi-

lar to the ones present in diving mammals as an
adaptation for the diving habit is discussed.

the density, water content, total solids,glucose, fait,
non-proitein-nitrogen, 6alciuﬁ, haemolylobin, iron,
B.B.C.count and cell volume of whole blood and total
proteins, albumen, globulin, Ffibrinogen, and calciun

of the plasma of chelonians and snakes have bhecen esti-
mated and the significances in the variations discussed.
‘the variation in the coacenitration of plasma proteins

indiecutes two lines of evolution namely, ureotelic

berrestrialism and uricotelic: terrestrizslism. It is

suggested that those evolving along the formor consist
of amphibians =nd aquatic chelonians and mammals; and
along‘%he latter comprising the lizards, snakes and
birds, while the terrestrial chelonians (‘Lortoises)
have taken an intermedieie eourse,

P - .
Withkloss of muscular sheath on the lung as found in
Lissemys, the oxyphoric capacity of the blood has
increased in chelonians like Tesitudo, Trionyx and
Eretnochelys.
‘the problem of the mugh delayed clotting of the blood
of some snakes has been discussed and an explanation

for this phenomenon is offered, it is suggested that

the slow rate of thromhnplastin production; together
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with & low fibrinogen centent and too hagh calecium
content of the blood is responsible for the increase
in the clotting time of the snake blood. It is alse
suggested that this property of blood in snakes has
been acquired as & result of the body of these animals
being too elongated horizontally.

7 It is indicated that the property of the blood of
Tissenmys readily laking with oxalate is due to the
greaber permeability of the red blood cells to oxalate
which brangs about the bindipg of the calecium zn the

cell membrane.

Yhe water content of the tissues in the chelonians, Lissemys

and restudo, the gnakes Hajs and Netrix, the lizard Calotes

and the frocodile Crocodilus:

1 +the water content of the tissues of representative
reptiles living under different environmenis have been
estiméted and the effect on the mater content of the
tissues when an amphibious chelonian Lissenys is kept
out of water for two(to three months, has been studied,
The significance in the variations is d&zfusseéo

2 1In Lissemys, when kept out of water, it observed that

the conservation of water in +the body ié acheived by



the formation of metabolic water ‘through the break

down of fat.

¢

V1 Reflections on chelonizn eveolution:

1 Ceriain morphological and physiological aspects of
chelonian evolution is discussged,

2 It is emphasised that an abbrgviation end brosdening
of the Etrunk in the chelonisns agd an opposite
tendency of elongation and narrowing in the snakes
have been major features in the evolution of these‘
animals resulting in certain very significant snd
characteristic structural changes in ‘the body.

% ?he investigations on bone, bloovd and muscle are
suggestive of some 0f the physiological aspecis
of the evolution of the Ghelonie which have already

been mentioned,
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