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ABSTRACT

The swimbladder of the genus FEiroplus of the family Cichlidae is described in detail.
Work has also been carried out on T'. mossambica, an Africen member of Cichlidae.

The generic variations in the swimbladder may be of systematic value. The specific
variations in the structure of the swimbladder within the genus «FEtroplus have also been
emphasized.

The two chambers of the swimbladder, partitioned by a perforated diaphragm, appear
to be functionslly different. The large and thicker anterior chamber lodges the gas gland
and retia mirabilia and serves for the secretion of the gases. The posterior chamber, smaller
and thinner, is the seat of gas resorption.

Microscopical study of the swimbladder reveals the usual histologital structures.

The peculiar nature of the ear-swimbladder relation by means of auditory caeca which
lie apposed to the tendinous pads, in the genus Etroplus, has been described for the first time,
which is characteristic of its owmn.

The dual function of the tendinous pads which plug the auditory fontanelle is explained.

It has been possible to amplify the description of the swimbladder of the genus Etroplus
given by Day (1889).

INTRODUCTION

The present paper is second of the series, in which a general morphological
and histological study of the swimbladder of the Indian teleostean fishes has been
undertaken. The first record of this series is on the swimbladder of genus Noto-
pterus (Lacepede) (Dehadrai, 1957).

In the course of investigations on the swimbladder of common teleostean fishes
of India, certain peculiarities were noticed in the structure of the swimbladder
of Cichlid fishes. Considering the paucity of literature on the structure of the
swimbladder of Cichlid fishes, the present work on the genus Efroplus* (Cuv. & Val.),
was attempted. Investigations were done also on Tilapia mossambica (Andrew
Smith), an African member of Cichlidae.

HisToricaL RESUME

: Authors like Gunther (1861), Regan (1905a, b, ¢ ; 1906d, ¢ ; 19134), Bridge and
Boulenger (1910), Weber and de Beaufort (1922), Trewavas (1933), Berg (1940)
etc., have made no reference to the structure of the swimbladder in their account
of the family Cichlidae. Day (1889) described the swimbladder of genus Etroplus
as “the air vessel present, large and simple”.

MATERIAY. AND METHODS

Only one genus of Cichlid fishes, namely, Etroplus is found in India. It includes
only three species, E. suratensis (Bloch), E. maculatus (Bloch), E. canarensis (Day),
all of which are confined to South India. A recently introduced African member
of Cichlidae Tilapic mossambica is being cultured in a few states of India like
Bengal and Kerala.

* Formerly, genus ZEtroplis was inoludéd in family Chromidae.
VOL, 25§, B, No. 5.
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Specimens preserved in formalin were obtained from Kerala. A fow specimens
fixed in Bouins’ picro-aceto-formol solution, were also procured from Kerala for
histological studies.

For morphological studies, the fishes were dissected laterally so as to expose
the swimbladder. For histological studies, sections were cut at 6x—8u and were
stained in Delafield’s haematoxylin and counterstained by alcoholic eosin, Borax
carmine was used for whole flat mounts.

GROSs ANATOMY

Externally, the swimbladder of genus Etroplus is a large, smooth sac with
a satiny texture, lying deep in the abdominal cavity (Fig. 1). A specimen of E.
suratensis measuring 16.3 cm. has a swimbladder 5.7 cm. long. In genus Etroplus,
the swimbladder forks anteriorly into two tubular caeca, which extend beyond the
abdominal cavity and establish an anatomical relation with the auditory capsules
(Fig. 1). Posteriorly, the swimbladder arches gently and gets firmly attached
with the first haemal arch.

Texr-F16. 1.

Diagram showing the swimbladder and its associated organs in Etroplus suratensis.
a.c., alimentary cansl; a., artery; au.ca., auditory capsule; au.cae., auditory caecum;
coe.a., coeliaco-mesenteric artery; n., nerve; sb., swimbladder.

The swimbladder of 7. mossambica is siinilar to that of genus Eiroplus in
structural details, except for a few differences. In a specimen of 7. mossambica
measuring 17 cm. the swimbladder is 5.8 cm. long. Moreover, the anterior forked
caecs in 7. mossambica do not reach upto the auditory capsules and as such the ear-
swimbladder relation in this fish is wanting (Fig. 2).

In the genus Etroplus, on the mid.-ventral line of the swimbladder runs a cord
of tendon, which ascending along the posterior curve of the swimbladder is conti-
nuous with a similar cord on the mid-dorsal line. This dorsal tendinous cord
bifurcates in front. Each of the branches courses along the inner margin of the
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auditory caecum of its side and enters through the outer opening in the auditory
fontanelle in the form of an oval, flattened tendinous pad (Fig. 3b). . 'The auditory
fontanelle is a large cavity, situated on the posterior wall of the auditory capsule

TexT-F1G, 2.

Diagram showing the swimbladder and its associated organs in Télapia mossambica
ac., alimentary canal; a.cae., anterior caecum; sb., swimbladder.

TExT-F1G 3.

a-~Swimbladder of Tilapia mossambica (ventral view). a.ch., anterior chamber; a.cae.,
anterior caecum; d, diaphragm; g.gl., gas gland; p.ch., posterior chamber; r., retia;
8p., sphincter. -
b.—Bwimbladder of Etroplus suratensis a.ch., anterior chamber; au.cae., auditory ecascumy
d., diaphragm; d.t.c., dorsal tendinous cord; g.gl., gas gland; p.ch., posterior chamber;
&p., sphincter; t.p., tendinous pad; v.t.c., ventral tendinous cord;
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on either side of the occipital condyle. The tendinous pad fits as a plug, its rim
fitting snugly into a shelf situated deep in the auditory fontanelle and thus closing
the communication between it and the auditory capsule.

Internally, the swimbladder in the family Cichlidae, consists of an anterior
and a posterior chamber separated by a well developed perforated diaphragm.
The posterior chamber is about one fourth of the total length of the swimbladder.
The anterior chamber communicates with the posterior chamber through a perfora-
tion which is a sphincter, situated more towards the ventral side of the
diaphragm (Fig. 3a, b).

The sphincter in the genus Etroplus is formed by six or seven circular bands of
muscle fibres and a few scattered tangentially radiating muscle fibres (Fig. 4b).
But the sphincter in the swimbladder of 7. mossambicea is very strong and prominent.
It is made of a number of concentric rings of thick muscle fibres and about seventeen
thick, radiating bands of muscle fibres (Fig. 4a). These two sets of muscle fibres
are interwoven and some of the radiating muscle bands ramify at the periphery.

TEXT-F1G. 4.

a.—Diagram of the whole mount of the diaphragm of 7. mossambica showing the sphincter.
c.m.f., circular muscle fibres; r.m.f., radiating muscle fibres.

b.—Diagram of the whole mount of the diaphragm of E. suratensis showing the sphineter.
c.m.f., circular muscle fibres; t.r.m.f., tangentially radiating muscle fibres.

The anterior chamber lodges the gas gland and the retia mirabilia. In E.
suratensts (Fig. 3b), the gas gland is horse-shoe shaped and is disposed on the ventral
wall of the swimbladder, while in . maculatus, the gas gland is arrangad in two
rows of isolated patches. But in T'. mossambica, the gas gland is disposed on the
ventral wall of the swimbladder in a number of scattered patches of irregular shape
and size (Fig. 3a).

Arterial supply to the swimbladder is from the coeliaco-mesenteric artery.
The blood vessel, the pneumatic artery, enters the swimbladder at its anterior end,
a little behind the forked caeca and breaks up into myriads of capillaries which form
the retia mirabilia (Fig. 1).

The venous blood is drained by & vessel from the posterior chamber. The
pneumatic vein thus formed eventually joins the posterior cardinal vein.

The swimbladder is innervated by the intestinal rami of the vagus nerve of

each side. The nerve enters the swimbladder along with the arterial blood vessel
to the organ (Fig. 1).
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HistoLogy
Swimbladder wall :

The wall of the swimbladder is thick and consists of two distinct layers, the
tunica externa and tunica interna. The tunica externa, a thick tough coat, is
formed of elastic fibres and is highly coated with guanine. The delicately thin
tunica interna consists as usual of,

a. an outer, loose, jelly-like layer of fibro-elastic tissue,
b. a narrow, circular layer of muscle fibres, the muscularis mucosa,
c. epithelial layer.

The tunica interna of the posterior chamber is comparatively thinner than that

of the anterior chamber and is abundantly supplied with blood capillaries.

Gas gland and Retia mirabilia :

The gas gland (Fig. 5) consists of a mass of large polygonal cells forming a
many layered glandular structure, situated near the muscularis mucosa. The
gas gland is distributed on the ventral wall of the swimbladder in patches, which
are of definite shape and size for different species. Each gas-gland-cell has a pro-
minent nucleus.

TexT-FI1G. 5.

Transverse section of the tunice interna of the swimbladder of E. suratensis through
the retia and gas gland region. c.m.f., circular muscle fibres; r., retia; g.gl., gas gland.

The patches of the gas gland draw their blood supply from the retia mirabilia,
which are formed by the large number of blood capillaries.

CONNECTION OF THE SWIMBLADDER WITH THE INTERNAL EAr

Membranous labyrinth of ear in genus Etroplus consists, as usual, of the
utriculus, the semicircular canals, and the sacculus. It is lodged in the auditory
capsule formed by the otic bones. On the posterior wall of the auditory capsules
are the auditory fontanelle, which open near the utriculus.

Each of the auditory caeca proceeds forward to establish a connection with
the auditory capsule of its side. Tunica externa of each of the auditory caeca is
very tough and ceases abruptly by becoming inserted into the outer rim of the
auditory fontanelle. But the tendinous cord of the tunica externa of each of the
auditory caeca enters the auditory fontanelle of its side from near the inner margin
and proceeds forward and dilates to form the tendinous pad, which closes the
opening of the auditory capsules described above. The presence of this pad
closing the inner opening of the auditory capsule, converts the cavity of the auditory
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fontanelle into a cup, which lodges the blind end of the tunica interna. Thus the
ear-swimbladder relation in the genus Etroplus (Fig. 6), is through a close apposition
of the blind end of the auditory caeca to the outer side of the tendinous pad in the

TEXT-FIG. 6

Diagram showing the ear-swimbladder relationship in E. suratensis with the auditory
cascum separated from the auditory fontanelle. au.ca., auditory capsule; au.cae.
auditory caecum; au.f., auditory fontanelle; d.t.c., dorsal tendinous cord; h.s.c., hori-
zontal semicircular canal; p.s.c., posterior semicircular canal; r.%., recessus utriculi;
t.e., tunica externa; {.7., tunica interna; ¢.p., tendinous pad; w. utriculi.

respective auditory fontanelle, while the inner surface of this pad is bathed by the
perilymph surrounding the membranous labyrinth of the ear.

DiscussioN

The teleostean swimbladder has been a considerably debated organ owing
to its diversity of form and functions. The swimbladder of Cichlid fishes presents
an interesting and more complicated structure than that described by Day (1889).
By the present work it has been possible to elucidate the complex structural dis-
position of the organ in Indian Cichlids.

The Cichlid fishes of the genus Etroplus, which constitute one of the excellent
food fishes of India, have laterally compressed body. The well developed, large
swimbladder provides them with an efficient adjustable float. The recently intro-
duced African member of Cichlidae, T. mossambica, offers a fascinating comparative
study of the swimbladder of Cichlid fishes available in India. The general structural
disposition of the swimbladder in two genera Etroplus and Tilapia is remarkably
similar. But the absence of the ear-swimbladder relation in 7". mossambica, may
be mentioned as a definite generic difference in the structure of thes wimbladder.
-Further, the specific differences within the genus Etroplus, is evidenced by the
variety in the disposition of the gas gland and retia mirabilia patches in the swim-
bladder of different species. “But the scarcity of Cichlid fauna in the Indian waters*
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hinders a more detailed study which may throw light on the systematics of this
group. :

The presence of a tough tendinous cord on the dorsal and ventral sides of the
swimbladder in genus Etroplus, is very characteristic of its own. It appears to give
considerable support to the swimbladder in maintaining its form. Moreover, the
auditory caeca of the swimbladder are also supported by the bifurcation of the
dorsal tendinous cord. The auditory caeca are firmly attached to the skull by
means of the tendinous pads, which also plug the opening of the auditory capsules.

The two chambers of the swimbladder partitioned by a well developed dia-
phragm which possesses a sphincter, suggest the complex modification of the
swimbladder in Cichlidae. The large anterior chamber, which possesses the well-
developed retia mirabilia and the gas gland, is prominently modified as a gas
secreting chamber. The intimate association between the gas gland tissue and the
smooth muscle layer (muscularis mucosa) in the swimbladder of Cichlid fishes
is worth mentioning. Its probable importance in the gas secretion (Fange, 1958),
is that the movements of muscularis mucosa could have & mechanical effect upon
the release of newly formed gas bubbles into the bladder. The posterior, thin
walled, small chamber, which has a copious supply of the blood capillaries, provides
a surface for the resorption of gas.

The passage of gas from one chamber to the other is controlled by the contrac-
tion and relaxation of the differently arranged muscle fibers of the sphincter that
surround the perforation of the diaphragm. The comparative study of the
structure of the sphincter in genus Etroplus and genus Tilopia clearly shows the
definite functional efficiency of the sphincter mechanism in the swimbladder of
T. mossambica. Generally the perforation of the diaphragm in teleostean fishes
occupies a central position. But in the specimens of Cichlids examined, the aperture
was found to be present more towards the ventral periphery of the diaphragm.

The most significant part of the organisation of the ‘organ in genus Etroplus
is its relation with the internal ear. The simple mode of coupling between the
swimbladder and the ear by means of two anterior diverticula of the bladder wall
which are directly applied to the auditory capsules, has been reported in many
teleostean fishes like Megalops (de Beaufort, 1909), Notopteridae (Bridge, 1900 ;
Dehadrai, 1957), the subfamily Morinae of Gadidae, (Parker, 1882; Hagman,
1921; Svetovidove, 1937), the Berycidae and Priacanthidae, (Stannius, 1854), and
the Sparidae, (Weber, 1820). etc. In addition to the examples mentioned above,
genus Etroplus of the family Cichlidae may also be included in the above category.

But a detailed study of the connection of the swimbladder of genus Etroplus
with its internal ear has brought to light certain modifications, which are charac-
teristics of its own. And thus this mode of ear-swimbladder relation in the genus
Etroplus stands out quite different from those described by the earlier workers.
The auditory caeca are not simply inserted into the auditory fontanelle, but are
held firmly by the tendinous pads which fit into the auditory fontanelle. Moreover,
in place of the usual fibrous tissue membrane covering the auditory fontanelle,
these tendinous pads serve as plugs closing the openings of the auditory capsules.
Thus the dual function of the tendinous pad is remarkable.

A number of dissections have confirmed that in genus Etroplus, the auditory
fontanelle communicates  with the auditory capsules, internally near the utriculus,
which suggests the obvious relation of the swimbladder with the pars superior.
And a refinement of hydrostatic perception may be attributed to this elaborate
mechanism of ear-swimbladder relation in genus Etroplus. On the basis of the
above mentioned anatomical evidences, it may be suggested that fishes of the genus
Etroplus may have certain advantages in pressure perception and manipulation
of air-volume in the swimbladder over 7'. mossambica, in which the ear-swimbladder
relation is lacking.
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