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INTRODUCTION

A number of workers have studied the air-bladder of American and British
clupeoid fishes. Hasse (1873) is one of the earliest workers in this field and he
investigated the ear and the air-bladder diverticulum in Clupea alosa and C. harengus.
Retzius’ (1881) description of the air-bladder of C. harengus agrees essentially with
that of Hasse. Mathews (1886), in an investigation of the skeleton of British
clupeoid fishes, has described the bony canals and capsules in the herring (C. harengus),
the pilchard (C. pilchardus) and the shad (C. alosa). Later, Ridewood (1891)
described the ear-air-bladder relation in the British species, viz. herring, pilchard,
shad, sprat, thwait and anchovy. Tracy (1920) worked out the air-bladder of different
American clupeoids. But, so far, no work has been attempted on the air-bladder of
clupeoids in India and I am very much thankful to Dr. Bhattacharya for suggesting
this problem to me. Strangely enough even the workers mentioned above have
concentrated their attention only on the ear-air-bladder connection and have left
out the histological work which, in the present case, has revealed many features
of considerable interest.

I am indebted to Dr. D. R. Bhattacharya, formerly Vice-Chancellor of the
University of Allahabad, for his continuous guidance, help and encouragement.
I am also grateful to the late Dr. S. L. Hora, Director, Zoological Survey of India,
for going through the manuscript. The present work was carried out during the
tenure of a Senior Research Fellowship awarded by the Government of India to
which I wish to offer my thanks.

MATERIAL AND TECHNIQUE

Both Hilsa ilisha and Gadusia chapra are available at Allahabad all the year
round, but are found in abundance from August to November. The fishes were
opened along the mid-ventral line. To fix the lining epithelium of the air-bladder
in distended condition, it was necessary to puncture the bladder posteriorly (in situ)
and immediately filling it with the fixative used, and also pouring the fixative over
the bladder. By doing this all the shrinkage of the bladder was avoided on removal
from the body. The chief fixative generally used was Bouin’s picro-formol-acetic
fluid. Sections of 6u to 8u were cut and stained with Delafield’s haematoxylin
and counterstained with 0-5%,-1-09%, alcoholic eosin. The bony matter was decal-
cified before embedding by a 39, solution of nitric acid in 709, alcohol,
and changing it every alternate day. Care was, however, taken to avoid over-
decalcification.

* Part of the thesis accepted for the degree of Doctor of Philosophy in Science in the Uni-
versity of Allahabad, India.
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OBSERVATIONS
Hilsa ilisha

(a) Bxternal morphology : The air-bladder in H. ilisha is elongated and
extends the whole length of post-pericardiac coelom (Pl. V, Fig. 1, 4.B.). On the
ventral side it is intimately invested with the peritoneal lining, whereas dorsally it is
in contact with the body-wall and separated from the vertebral column by the aorta
and the kidney. Its wall is smooth, thick and appears brownish in collapsed
condition and shining when inflated. The diameter of the air-bladder is not uniform,
the width being greatest in the middle, which is more distensible than the two
extremities. The bladder suddenly tapers posteriorly and ends blindly in the vicinity
of the anal opening. In this case the bladder does not open to the exterior as
observed in certain American and British clupeoid fishes. Towards the anterior
side also, the bladder narrows down gradually and becomes cylindrical until, in
the region of heart, it divides into two diverticulae of extremely thin calibre. These
are called the air-ducts (Pl V, Fig. 1, AD).

The ductus pneumaticus arises from the posterior blind end of the cardiac portion
of the stomach and opens into the air-bladder in the mid-ventral median line (P1. V,
Fig. 1, Pn. D.). The diameter of the pneumatic duct is greater near the stomach
and comparatively less at the air-bladder end. Itis an open communication between
the air-bladder and the stomach, and it usually contains some mucus. The opening
of the pneumatic duct in the stomach is guarded neither by valves nor by sphincter
muscles.

(b) Histology : The air-bladder wall of H. ilisha consists of two layers—tunica
externa and tunica interna (Pl VI, Fig. 1, Tu. ex, Tu. tn). The former is composed
mainly of two layers, i.e. an external special ‘nacreous layer’ which is very thin
and an inner muscular (and not elastic fibres) layer which forms the major part of the
tunica externa. The tunica interna consists of a layer of conjunctiva tissue which
is not very thick and an innermost layer of cells which have become larger and
columnar. Masses of blood capillaries are packed together in these cells and are
covered over by unmodified internal epithelium of the air-bladder (Pl VI, Fig. 1).
The precoelomic diverticulum of the air-bladder is simply the tubular prolongation
of the air-bladder and consists of both tunica externa and tunica interna.

The wall of the ductus pneumaticus (Pl. VI, Fig. 3) shows the same layers as
those of the air-bladder, but it differs from the latter in the absence of the closely
aggregated blood capillaries. The other very interesting feature, hitherto un-
reported, is the division of the ductus pneumaticus cavity. This is brought about
by the formation of two septa in the inner wall of the pneumatic duct which go on
developing towards each other until they meet in the middle and fuse completely
dividing the cavity into two (Pl. VI, Figs. 4~6). In due course one of the chambers
enlarges, the other one consequently diminishes gradually and ultimately dis-
appears, and a single cavity is left. This happens at interval at several places
throughout the length of the pneumatic duect.

(¢) The precoelomic diverticulum : As the air-bladder passes anteriorly over the
pericardial cavity, it comes to lie between the head kidneys of the two sides. The
intercostal aponeurosis, in this region, sends off two layers of considerable strength,
one running dorsal and the other ventral to the diverticulam. The precoelomic
diverticulum (PL. V, Fig. 1, Pr. D.), supported by the aponeurotic tubular sheath,
runs anteriorly and becomes enclosed in a cartilaginous canal. The diverticulum
being very delicate and narrow in calibre, the aponeurotic sheath and the ¢ cartilage
canal’ appear to give protection to it. The ‘cartilage canal’ is formed gradually
round the diverticulum and not abruptly as in several species of Clupea.

(d) The air-ducts : The cartilage tube of the precoelomic diverticulum forms
a Y-shaped structure, the base of which is single, median and short. Anteriorly,
just behind the dorsal aorta (Pl V, Figs. 1 and 2), it is divided into the two arms of
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a'Y which are called the air-ducts. These ducts are also formed of both tunica externa
and tunica interna and are surrounded by a protective cartilage eanal (PL VI, Fig. 2).

The air-ducts of each side pass forwards and dlightly outwards and upwards,
and after running for a short distance in a groove in the exoccipital bone, penetrate
the latter at a point situated immediately behind the fenestra between the
exoccipital and the basioccipital, known as the auditory fenestra.

(e) The air-vesicles and ear-air-bladder connection : The air-ducts of each side,
after penetrating the exoccipital bone, dilate to form a fusiform chamber (PL V,
Fig. 2). The wall of the chamber is thin, membranous and silvery white in ap-
pearance. The lumen of the air-ducts, though very fine, is continuous with that of
the fusiform chamber.

At the point where the exoccipital, prootic and pterotic bones meet, the anterior
narrow end of the fusiform chamber gives off a lateral branch which enters a spherical
cavity in the pterotic bone known as the posterior or pterotic air-vesicle (Pl V, Fig. 2,
PAYV). The main branch of the fusiform chamber continues forward in a horizontal
direction in a canal in the prootic bone, where it ends in a dilated vesicle known as
the anterior or prootic air-vesicle (PL. V, Fig. 2, 44V).

The anterior air-vesicle is nearly spherical in shape and is flattened on the
upper side where a blind caecal prolongation of the recessus utriculi of the mem-
branous vestibule of the ear touches it through the opening situated dorso-posteriorly
in the prootic bony capsule (Pl V, Fig. 2). 1t is of interest to note that the flattened
dorsal wall of the anterior air-vesicle after uniting with the flat side of the blind
caecum acts as tympanic membrane and thus the ear-air-bladder connection becomes
very intimate,

The posterior air-vesicle is comparatively smaller than the anterior one and is
not in any direct connection with the membranous labyrinth, but it lies within the
loops of the horizontal semi-circular canal.

Gadusia chapra

The air-bladder in the case of G. chapra, except for a few minor differences,
resembles that of H. dlisha in both morphology and histology. The air-bladder
(PL V, Fig. 3, A.B.) is tubular and ends posteriorly in the vicinity of the anus
without opening outside. Anteriorly, this is continued into the precoelomic
diverticulum and then gets enclosed in the cartilage tube. The diverticulum divides
into two air-ducts which penetrate the exoccipital bone and swells up into a
fusiform chamber. It later on divides into the anterior and posterior air-vesicles
(PL V, Fig. 3, AAV, PAV).

The pneumatic duct is large and is an open connection between the air-bladder
and the alimentary canal. As in H. ilisha, the pneumatic duct becomes divided
into two chambers at several places (Pl. VI, Fig. 8).

The bladder-wall (P1. VI, Fig. 7) is thin and is composed of tunica externa and
tunica interna. The muscular layer is not so well developed as in H. ilisha.
Nacreous layer is found to be absent in this case. The innermost layer of tunica
interna is not modified into columnar cells, but the blood capillaries are present,
though not so much aggregated as in H. ilisha.

DisoussioN

The histology of both the air-bladder and the pneumatic duct of H. ilishe and
@. chapra has revealed many interesting features. Corning (1888) and Eissele (1922)
have described that the air-bladder of trout possesses longitudinal and circular muscle
fibres. Evans (1925) has given a detailed account of the intrinsic musculature in
cyprinids. But the muscular layer in H. ilisha is very much enormously developed
and, as far as the author is aware, such a well developed muscular layer has not
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yet been recorded in any other physostomous fish. . chapra also possesses this
muscular layer, but it is not so well developed.

Corning (1888), de Beaufort (1909), Rauther (1922) and Maier and Scheuring
(1923) have described that, among Clupeidae and Salmonidae, the inner lining of the
air-bladder is thickened into cylindrical epithelium. The numerous capillaries which
supply this epithelium do not merge to form the retia mirabilia. However, Rauther
describes and figures associations of blood vessels in Cyprinus carpio and Carassius
carassius, and he calls them retia mirabilia. Vincent and Barnes (1896) have grouped
the red-bodies into two groups. In the first group, the red-bodies may properly
be called red glands, because in these cases the lining epithelium of the air-bladder
passes over the masses of blood capillaries and becomes modified to form a distinctly
glandular epithelium. Woodland (1911) has shown that, in these cases, the masses of
blood capillaries get arranged and are known as retia mirabilia which may or may
not be in communication with the glandular epithelium. Such types of glands are
met with in physoclistous fishes. The second group, as described by Vincent and
Barnes (1896), is represented by Anguilla anguille where the red-bodies consist
of simply a mass of capillary blood-vessels covered by an unmodified continuation
of the internal epithelium of the air-bladder. In such types of fishes there is no
true gland. 1In H. ilisha, the innermost layer of tunica interna has become large and
columnar. Masses of blood capillaries are found here and they are covered over
by an unmodified internal epithelium. I agree with Vincent and Barnes in that
only such structures should be referred to as ‘red-bodies’ or ‘vascular bodies’.
In G. chapra the concentrations of blood capillaries are not found to that extent
as in H. ilisha.

The volume of the air-bladder in physostomous fishes is controlled by swallow-
ing air at the surface or releasing gas bubbles. The gas enters or leaves the air-
bladder through the pneumatic duct. In H. ilisha and G. chapra, the pneumatic
duct is a relatively long, thick-walled tube running from the air-bladder and
opening into the blind sac of the stomach. Generally this opening is guarded either
by a valvular arrangement or by sphincter muscles. Both these devices control
the passage of air from the air-bladder to the alimentary canal and vice versa. But
in H. ilisha and @. chapra none of these mechanisms are present, but instead a very
unique and interesting development has come into existence. This has been brought
about by the formation of two septa in the inner wall of the pneumatic duct which
go on developing towards each other till they meet and fuse, and thus completely
divide the cavity into two. Later on, one of the chamber enlarges at the expense
of the other, which consequently diminishes in size and ultimately disappears. Such
a division occurs at several places in the length of the pneumatic duct. As a result
of this arrangement, the air does not find an easy passage either from the stomach
to the air-bladder or in the opposite direction, because it has to pass through a
circuitous route caused by growths inside the pneumatic duct. But still the pneumatic
duct does not function as an automatic safety valve which is forced open when the
pressure within the air-bladder rises to a critical level. This remarkable mechanism
which has taken up the function of the valvular arrangement or the sphincter muscles
has not yet been recorded in any other fish. It is worth while examining if such an
arrangement is also present in the British and American clupeoid fishes.

The ear-air-bladder connection essentially resembles that of the American and
British clupeoid fishes with some minor differences, e.g. the precoelomic diverticulum
and the air-ducts in H. ilisha and G. chapra consist of both the tunica externa and
the tunica interna and not the latter only as stated by Tracy (1920) in the American
clupeoid fishes.

SUMMARY
The air-bladder in H. ilisha is elongated and extend the whole length of post-pericardiac

coelom and is intimately invested with the peritoneal lining ventrally. The air-bladder ends
blindly in the vicinity of the anal opening. The wall of the air-bladder consists of the tunica
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externa, with a nacreous layer and a very well developed fmuscular layer; and the tunica
interna where the masses of blood capillaries are packed together is covered over by an unmodi-
fied lining epithelium. This structure should be regarded as ‘red or vascular bodies’. There is
no valvular arrangement or sphincter muscles at the opening of the pneumatic duct in stomach,
but its function is performed by the divisions of pneumatic duct at several places. The ear-air-
bladder connection is essentially similar to that of other American and British clupeoid figshes.

The air-bladder of G. chapra resembles with H. ilisha in all details, except that in the former
the muscular layer in the tunica externa and the ‘red-bodies’ in the tunica interna are not so
well developed.
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EXPLANATION OF PLATES
Prate V

Fie. 1. H. ilisha—Dissected ventrally to show the air-bladder. Pneumatic duct has been cut.
,» 2. H. ilisha—Head dissected latero-ventrally to show the air-ducts ending in the
anterior and posterior air-vesicles. .
»» 3. G. chapra—Dissected ventro-laterally to ~show the disposition of air-bladder.
Pneumatic duct has been cut. Air-ducts and air-vesicles are also shown.

PrateE VI

¥ig. 1. H. ilisha—Photomicrograph of T.S. of the air-bladder showing tunica externa and
tunica interna. Innermost columnar layer is packed with blood capillaries.
Tunica externa has well developed muscular layer.
»» 2. H. ilisha—Photomicrograph of T.S. of the air-duct showing the cartilage canal, tunica
externa and tunica interna. .
»» 3. H.ilisha—Photomicrograph of T.8. of the pneumatic duct showing the usual layers of
the air-bladder wall, L
Fies.4-6. H. ilisha—Photomicrographs of T.S. of the pneumatic duct showing its division.
Fia. 7. G@. chapra—Photomicrograph of T.S. of the air-bladder wall showing tunica
externa, tunica interna and blood capillaries.
»» 8. @. chapra—Photomicrograph of T.8. showing the division of the pneumatic duct.
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ABBREVIATIONS

Anterior air-vesicle.
Air-bladder.

Air-duct.

Anal opening.

Blind caecum of recessus utriculi.
Blood ecapillaries.
Columnar layer.

Cartilage canal.

Dorsal aorta.

Exoccipital bone.
Muscular layer.

Mucus.

Nacreous layer.

Posterior air-vesicle.
Pneumatic duet.
Precoelomic diverticulum.
Prootic.

Pterotic.

Septa dividing the pneumatic duct.
Tunica externa.

Tunics interna.
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