PHE HESPARALORY SYSTEM AMD wHY MECEANISH OF
KESPIRATION IN LISSEMYS,TRIONYX, GROMYDA AND
FESEUDO

A COMPARAYIVE $2UDY OF rHE MORPHOLOGY OF +HE
RHPLILIAN LUNG



THE RESPIRATORY SYSTEN AND wHE MECHANISHM OF RESPIRAPION

IN LISSEMYS, PRIONYX, GUOMYDA AND #ESTUDO

The orgaﬁs)of regpiration in the Chelonia are the
lungs and in the freshwater forms the skin is also
considered to be respiratory (Roo1,1949). Lissemys as
in other “Yricnychidae, possesses a prominent snoutd
which helps the snimsl to kecep the external nares above
the water. The 6pening of the glottis is a vertical
slit guarded by a pair of lipelike muscular siructures
one on either side of the opening., ¥Yentrally the glotiis
is supported by the main body of the hyoid to which the
muscles of the glotiis are attached, The glotiis leads
_into a long trachea whose wall is supported by carti-
laginous rings. More or less at the level of the base
of the neck the trachea bifurcates into twe bronchi,
the left one of which is longer than the right one. the
bonchi teo possess complete cartilaginous rings. Bach
bronchus goes to the lung of its respective side and
traverses through the substance of the lung for a consi-

derable disfance.

The respiratory mechaenism in the Chelonia has
received considerable attention from zoologists because

- of ‘the physiological problems involved as a resuli of
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the unique skeletal adapitations that have taken place
in these animels: The rigid shell has made all free
movements of the body wall impossible and consequenily
the respiratory movements characieristic of other
amniote groups are sbsent, the structural modificati-
ons in the Chelonia natural}y have created an intrige
uing situation for zoologists, since the mechanisa of
respiration in them can not be explained on the same

lines as for the other repitiles.

lalpighi, Cuvier, Agassiz (1857) and even sonme
of the recent authors like Noble and Hoble (1940) and
Walters (1949) have suggested that the throat moveme-
nts as inlthe frogs are the effective part of the
respiratory mechanism, Mitchell and Morehouse (1863%)
have laid great emphasis on the pzri played byfthe
musculature of the gloviis in respiretion but much
attention had not been paid to their work by later
investigotors. Wol® (193%3) propeosed that the movementis
of the neck and the limbs.inﬁirecﬁly served ithe purp-
oge of ‘the body-wall movementits necegsary Loy prigary
pulmonary action. Ludicke {193%6) studied the role of
throat movements and observed that aguatic forms like

Emys orbicularis, swallow air but terresirial ones

like wvestudo gracea do not do so on account of their
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inability 1o secure an airtight closure of the mouth,

MeCutcheon (194%) conducted some intersting
experinents to study the respiratory mechanism of
turtles and brought forth certain significant findings.
He observed that the coniraction of the agterior and

posterior flank cavity muiscles, the serratus megnusg and

the oblique obdominis cesuses increase in the volume of

‘the body cavity. The decrease in pressure caused there,
¥orces the lungs to expuand; and azir from outside rushes
into the lungs, bringing about inspiration, On the

other hand when the diaphragmaticus and the iransverse

abdominig contruct, pressure is exeried on the lungs
resulting in expiration. He refers te the posterior

Tlank cavity muscloy the obligue abdominis as the nore

important agent in the inspiraﬁory mechanism, He is
also of the opinion that the throat mevemenis can not
pumnp air into the lungs, because the force created
thereby is insufficient to open the glottis. Moreover,
he points out thzt evidence is available to show that
the throat movemenits mre sssociated wiith olfaction,

this is also supported by Root (1%49).

vhile examining the anatomical Features involved

in the respiretion of the pond fturile (Lissemys punciata),




it was found that ( in_addition to the muscles menti-
oned by McCuitcheon) a muscular membrane covering the
lungs ogcurs (inner muscle sheath, Fig”éﬂCq )e It was
surmised that this enveloping muscle case must have a
significant role in respiration in this species,
Structurally it was found 1o be composed of sitriatbed
musecle fibres, ThHe fibres of this muscle arise from a

small celliptical ftraet on the dorsum from the second

to f£ifsh thoracic ribs. The éxact limits of their orie-

gin are indicated in the Figa§7ﬁgg After leaving their

place of origin they converge ventrally not only
enveloping, but also fusing with the lung, leaving

only its bronchus exposed.

Another striated muscle (outer muscle sheath,
Fig.hl ) occurring outside the one mentioned above,
covers the lungs as well as most 6f the visceral
orgsuns for about two thirds of the beody caviity in its
anterior region. this muscle arises from a border
tract on the dorsum beginning Ifrom the first thoracic
ridb and ending with the seventh. Itg exact position
of origin ies also shown in the Figqéq « [t dhould be
mentioned that though +this muscles is in its origin
composed entiregly of fibres, as it converges towards

the ventral side, the fibres thin out $ill & more or
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less membranous struchture resulisq

“he following experiment was conducted to f£ind
out the working of both these mugcles, The tirtle was
pithed first and then the thoracic plastron was removed
carefully. 7he nerves going to the inner mugcle sheath
covering the lungs were noted and one of them was then
stimulated by an induced electric current. By make and
break arrangement the stimuli were given and in response
the muscle contracted. But when the current was sbopped
by bresking i%, the muscle relaxed, As the electric
stinmuli were given to the inner muscleAsheath, the outer
muscle sheath which surrounds most of the viscera also
responded, *this suggests that during expiration both
these muscle sheaths contract and compress the lung
tisgue which pushes the pulmonary air out. When these
muscles relax, the pressure in the lung falls and air .

enters the lung, and thus inspiration is caused.

On examination of the structure of the lung, it
is found that the alveoli are‘camparatively large and the
inter-alvecolar spaces f£illed with smooth muscle fibres
which are grouped in large bundles (Fig.é? ). +this
enormous amount of smooth muscle in the lung of this

animal is a remarksble feature, since in other amniotes
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though smooth muscle, is preseni, its exient is limited,
It is surmised that the lung is pressed $o contraction
as a résuli of the combined action of the outer siriated
muscle sheath, the inner enveloping muscle as well as
the smooth muséle of the lung tissue, This is an unusual

arrangenent not met with elsewhere,

The outer enveloping musecle which covers most of
the visceral organs including the lungs, can be homolo-

zZised 4o the diaphragmaticus plus the srangverse abdo-

‘minis though the boundries of these. two muscles are not
demarcated as in ¥mys euvropea (Owen, 1866) or as in

Yalaclenys centrata (MeCutcheon, 1943). The homology oFf

the inner muscle sheath, however; remains doubtful.
From its position it is reasonable to assume that it
represents the intercostal muscles, Here in this case

. . s ovigh @
ingtead of having the original patiern of insertion ==ud

exdgin, the fibres seem o have logt their insertion
and migrated inwards to closely envelop the lungs. This
supposed homology receives confirmaiion from the fact
that the corresponding nerves to the intercosital muscles
in other reptiles, birds and mammals, innervate this
muscle. thus it became evident that the inner and the
outer muscle sheaths ensble: the lungs to function as =z

pair of bellows. On studying the histology of the lung



in the two othey subspecies of Lissemys punciata, name-

ly Lissenmys punctata typica and Lissemys punctata

scutatla and another chelonian Geomyds trijuga it was

found that the inney muscle sheaﬁh‘of the lung was
present in these forms also (Figslﬂ,e?pr). These findings
encouraged me to believe that such a muscle sheath
might be universally present in the chelonians (George
and Shah, 1955). But on studying the structure of the
lung of an gquatic form Frionyx, =z terrestrial one
destudo and = marine one Hretmochelys it was found that
the inner muscle sheath was absent in all these three

chelonians,

the inner muscle sheath in Lissemys and Geomyda
arises from & small ellipticel truct on the carapace
at the level pf the second to the f£ifth ribs near the
vertebral column, In Lissemys this muscle sheath enve-
lopes the lung completely but in Geomyds the sheath is
partly fleshy and parily membranous, being fleshy
medially, anteriorly and antero-laterally, while the
remeining portion membranous. In Testudo, Trionyx and
Eretmochelys; however, there is no fleshy muscular
envelope over the lungs bui there istth;n membranous
covering instead. Such a condition appears o be a

gecondary modification of the musculsr sheath as found
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in Lissemys with that of Geomyda presenting an interm-
ediate stage of transition between Lissemys on one hand

and frionyx, vestudo and Bretmochelys on the other,

these observations have thrown some light on the
evolution ofizbelonian lung., the presence of the inner
muscle sheath on the lung in Lissemys is a primitive
condition which must have given the early ehelonians,in
whom the fused body shell posed a respiratwdry problem,
their survival value. ‘fhe question as to why such a
muscle sheath which was an asget to the early cheloniang
grafually disappeared in eyclutien is quite a relevant
one., S0 the Lissemydinae are 10 be regarded as a prim-
itive grdup, Support for this belief is also available
from the studies on the plastron (Williams and

McDowell; 1952).

It has alveady been pointed oubt in the chapter
dezling with the musculature of $he trunk, that the
probable cause for the loss of this muscle sheath on
the lung of the higher Chelonia and the degenerétion

of the diaphragmsticus in the terrestrial forms like

Pagtudo could be the evolution of larger lungs on which
is
the musele baglmore of & himdrance to their full expa-

nsion; and in -the mean while the acquisition of a better

%14
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physiological equipment for fixing a greater amount of
oxyzen store in the body for slow and gradusl utilisg-
ition, On estimating the haemoglobin content of the
blood of these cheloniang it is found as is to be
expected that, it is least in Lissemys, highest in
wrienyx and lretmochelys. (Vide chapter 5 Composition

of blood).

Regarding the mechanism of respiration the foll-

owing conclusions may be arrived at.

1. Respiration in the Cheloniz in general is effec-
ted by the action of the flank cavity muscles
(McCutcheon, 1943) and probably by the movements
of the neck and the limbs too (Wolf, 1933).

2. In a primitive chelonian like Lisgsemys with smalle
er lungs and lessex oxyphoric capaeiity of the
blood, the inner muscle sheath on the lung should ‘
be acting as & pair of bellows in efifsciing expe-
iration and ingpirstion. The movements of the
flank cavity muscles and the neck and limbs should

also be helpful in the process.

3. Among the higher forms like Ywrionyx and Eretmochelys
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in whiech there is no muscle sheath on the lung,
the lungs are considerably larger and their blood
possess higher oxyphoriec .capacity. Amongst them,
the less active form like Testudo ;the oxyphoric
capacily is considerably less than the more active
ones like Zrionyx and Brebtmochelys. in this conne-
ction it may be mentioned that the inner muscle
sheath on the lung in Geonyda is ill-developed and
not complete and the animel being more terresirigl
thén aguatic and as much less uctive asg Besiudo,

has the oxyphoric capacity of blood same ag thai

. of Testudo.






A COMPARATIVE STunY OF THER JORPHOLOGY OF ‘PHI

RELTILTAN LING

The siruciture of the lung varies widely in the
Repitilia. The lizards show a primisive type of lung
somewhat more gomplicated in structure than that of
amphibian. The main difference between the amphibian
lung and ¥that of a lizard is that the latter has
considerably more glveolsr chambers as a result of the
primary alveoli becoming more expanded and secondarily
i:oléed. The inner surrace of the lacertilian lung
shows the seme kind of honey-comb-like structure which
is visible in the amphibian lung as a consequence of
the connective tissue forming a net-work szround the
alveolar spaces. The network zlso contains smooth muscle
fibres. The alveolay chambers sre lined by s thin
epithelial iining. the epithelial cells possess g large
mucleus, The wall of the lung consists of za frame-work
of connective tissue in which the blood vessels and ihe
smooth muscle Iibres are embedded. On the outer side of

the lung wall there is a thin layer of connective tissue.

Generally in lizérds the anterior three-fouriths
of the lung is more alveélar and better supplied with

blood than the remainingfhind vortion of the lung which
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is less alveclsr and poorly supplied with blood. “he
posterior one~fourth of the lung is made up of a sacce
ulzyr chamber., In cerizin lizerds like Varanus the
posterior saccular portion is restricted and the lung
is divided into s number of chambers. This is cerdtainly
e speclialised condition, The itraches in repitileg in its
anterior part possesses complete casriilaginous rings,
while posteriorly the rings are incomplete. The bronchi
also have incemplete rings. The bronchus enters ihe
respective lung at its wnterior medizl surfsce snd does

not extend inito the lung tiscue,.

The lung of Urodeles is long and compatible with
the length of the trunk is provided with a sacculex
posterior region, In Anurg the saccular portion is want-
ing. In 8phenodon the lung is similar to that of the
Anura in the absence of a posterior sac-like extension,
but the alveolar structure is more complicated with
more folds and cuvities. in The Pythonidae and BDoidae
are the only exceptions among snakes in wyhich both the
right and left lungs are present., In others the left is
either reduced to a vestigeal one, or completely loste
The right lung which is persistant in these has become
more elongsted, In its histologicul struciture the lung

0f sngkes 1ls similar to that of ligards., The sacculsy

1
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portion of the lung, however, in snakes is extensive
and in sonme reaches the posterior region of the trunk
{(George and Varde,1941). The blood supply to this
saccular region is very much less than in the anterior
alveolar portion. ‘the itrachea possesses complete
cartilaginous rings in its anterior portion but the
greater part of it possesses”incomple%e cartilaginous
rings, The gap between the free enis of the incomplete
tracheal rings is filled up by a thin membranous
connective tissue, In some snakes some poriion of the
trachea develops alveolar chambers and gives rise 1o

the tracheal lung ( George and Varde, 1941).

Apart from the irucheal lung developed in the
Vipers, Echis, Lycodon and in 'typhlops, the vuriations

in lung structure could be grouped into four categories.

Category 1: In this categ&ry can be included the
primit;ve snakes like Pythons, Hatrix and the Ses snakes,
in Ha%??é?%ge trachea has incemplete cartilaginous rings
for most of its length. The bronchus is short and all
around it the alveolar tissue is developed. The saccular
portien is nol so extensive gsnd does not.reach the.poste
erior. limit of the. visceral cavity as it happens in

other snakes viz., Ptyas, Vipers and Echis.



Ca{egory 2: In the second category be included
Typhlops. wypﬁgiggfgggsesses comparatively a short
trachea with a short tracheal lung. ‘the tracheal lung
continues as the bronchiasl lung without any line of
demarcsiion, The posterior saccular part of the lung
is very short. rthe positerior part of the lung is also
poorly supplied with blood. he trachea is provided
throughout its length with complete rings of cartilage.
the lung of Typhlops shows, however, absence of deesp
septa arising from the lung wall and dividing the lung

into a nuwber of chambers. this condition appear %o be

a degeneration.

he systematic position of vyphlops remains
Meolowell and
unsettled, since recently Bogarit (1954) has included it
in the Angééﬁmorpha, a branch of the Lacertilia, and
not in Ophidia. ‘
o ( s 66,79)

Category %: Rivas mucosus, s~ 1n this the
truchea at its beginning possesses complete cartilegi-
nous rings but later the rings become incomplete and
the gep between the free‘epds of these rings is filled
up by & thin membranous connective tissue. The trachea
just anterior to the heart bifarcates into iwo bronechi,
the left und the rigﬁ%‘ones. the former is very small

and narrow to which the left vestigeal lung is attached,



while the letter is wider and it opens into the right
lung. 'fhe bronchus is also provided with cartilaginous
helf-hoops, similar to those in the trachesz, On the
mid-ventral side of the bronchial lung there is a thin
membranous tract of connective tissue which replaces
in that region the cartilaginous rings of the bronchus.,
the bronchial lung posteriorly merges with the saccular
regervoir portion of the lung. About four-fifiths of the
lung is mazde up 0f the membranous saccular reservoir,
which extends almost up to the pusterior end of the
visceral cuvity. It has been described by Varde (1951)

that in Piyas. mucosug the bronchial lung posteriorly

extends into a short reservoir, but this is sn incorrect
observation, as the reservoir in this snake extends
almost up to the posterior end of the visceral cuvity

as~in Distirsas,

. ??g)qature of the lung in the cobra, Naijs
%rigudiagséis similar %o thut in Ptyss , but the saccular
reservolr part of the lung is notv so extensive.

{ $ig5 ¢6,70)
In the ILycodon,the structure of the lung is
almost similar to that of Ptyas and Naija, with the

difference that the saccular part is not extensive as

in Ptyas and also thet anterior to the heart, the traches
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has a little poriion of alveolar development forming a

short tracheal lung,

»

\ Jig ¢2,19)
Category 4: Vipers russelli:= In this gninmel

the lung consists of three parts, the tracheal lung,the
bronchial lung and the menmbranocus reservoir, The irachea
as usual‘in the beginning possegsses complete cartilag-
inous rings, but later the rings become incompleie. é
considerable p=rt of trachea in front of the heart has
developed alveolar chambers giving rise 0 the tragheal
lung. This trachezl lung merges with the bronchisl lung
which possesses a great number of alveolar chambers and
these two poriions together constitute the effective
respiratory tissue of the lung. Throughoul the length'
of the bronchial lung, the bronchus is present on the
mid-ventral part of the lung as a strip with the hali-
hoops still persisbing. in this portion of the lung in
Ptyas end Naxja the bronchus is represented by the thin
éambranous strip running in the umid-veniral line. B
The saccular portion of the lung is in continuation of
the bronchial luné?éktends almosts up to the hind end
of the visceral cavity ss seen in Piyas mucosus. Echis

$i5¢7)
carina%a shows almost similar struciure gnd alseo the
At Lilo ba

extension of the lung as seen in Vipera russelli.
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The chelonian lung is more modified than those
of the lizards and snakes, 'they are more spongy in texte
ure and occupy a considerable part of the dorsal region
of the body cavity. wvhe trachea in €@helonia is quite
long and bifurcates almost at the base of the neck
resulting in two bronchis, of which the left one in sone
is longer than ithe righi onc. Sometimes the trachea is
shorter than the brenchus. The bronchus extends into
the tissue of the lung for a congsiderable disiance divi-
ding into branches on its way. Ultimately each branch
terminates in a lavrge chamber which divides into numer-
ous alveolar air spuces. ‘'the bronchig, like trachea
possess complete cartilaginous rings; unlike in lizards
and most snakes. The mieroscopical struciture of the
chelonian lung shows that the alveoli are comparatively
large in comparision with those of {the ligards and s%kes
and the inter-alveolar space is filled up with, large
amount of smooth muscle fibres which are grouped in

large bundles.

As mentioned in connection wish the muscular
gysten, in Lissemys there is an envelope of siriated
muscle sheath over the pleural meubrane. Yhis muscle
sheath has been homologised with the intsrcostal muscles

which have shifted their position. In Geomyda the



muscle shsath is incompletg, iqéome porbion ad ocCuUpe
ied only by & thin membrane, iﬁ rtesiudo, drionyx and
Eretmochelys-the lungs are covered with only a thin
layer of membrane which resembles whes besss the
non-muscular part of the muscle sheath over the lung

in Geomyda.

in c¢rocodiles the sbruciure of the lung is

more or less like thav of chelonians. As in the chelonian

ilung the branches ofi the bronchi terminaite in chambers
each of which is divided invo & number of alveoll,

But the alveoll are more numerous and smaller and
consequently the lung is more spongy. Since the respi-
ratory surfazce is considerably increassed it is more
elificient as a pulmonary organ. the smalley bronchi
like those of chelonian lung are supporied by caritilo-
giknous elements in their walls the histological
gtructure of the alvecli in the crocodilian lung is

gimilar to that of the chelonian,

Discussion;

*he structure of the lung in the repiilian
orders lacertiliaz,(phidia, Chelonis and Crocodilia

shows ¢ considerable varictions., {t mesns thut in the
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radiation of the reptiles the lung has undergone consi-

derablbe variastion.

Among ‘the orders of reptiles, the lacertilian
lung as found in Calotes is a simple type with a shord
bronchus which leads imi® a cenitral pulmonary chamber
whach -through 1ss laveral chambers gives rise to the
lung tissue. there isfémall posterior saccular chamber,

Lung

the chelonian, appears relatively large in size,
it has essenitially the same struciture as that of the
lizard but is more elaborated with 1little or no saccular
portion of the lung. Bach lateral chamber leading from.
the cenitral space is split up into numerous alveeli.
the alveoll are lurgey in sizme commensurabe with the

larger size of the lung,.

the great peculluriity of che ophidian lung is
its long posterior éaqcular chamber, It is an obvious
adaptation %o store up a large amount of gir. It also
serves bo inilate the body to stiffen it in daking snorid

leaps when greatly terrified.

in all the snakes studied except the typhlops

the posterior part or the Itrachea possesses incomplete



rings of cartilage and this is continued in the bron-
chus for varying lengths, In the Lirst category?snakes,
the alveolar development is all round the broncaus as
in lizards. S0 also in «yphlops. In the third category
sngkes, the mid=veniral part of the lung which lies
against the veniral scasles, is devoid of alveolar lihe
ing., In the fourth category also this condition
persiste, but the mid-ventral part of the lung here
is occupied by the bronchus with incompleie cartilage
inous rings. rthis non-development of lung tissue and
{the bronchus at the region where the lung lies against
the shields on the ventral side, which come in contact
sppears o de a Variabion witk 4R ground
with the ground, habit, in Pythons and also in the water

snakes it is absent.

it was intsresting to nete that when a vibrating
tunning f9rk is brought near these ground snakes
reaonancetproduced within infgir column of the lungs.
This suggests that the saccular part of the lung cnab-
les the ground snakes 30 detest vibrations and that
is a device to enable the animal that has lost its
external ears %o collect vibrations of soundfrom the

ground.

‘the corocodilian lung is even more specialised
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than that of ithe chelonian inusmuch as there sre more
nuterous alveoli in each. lateral chamber, Due to the
greater subdivisions of the pulmonsry surface, the

alveoli are much smaller,
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