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ABSTRACT

Several new and interesting features have been found in the anatomy and histology of the
swimbladder of Pellona clongata, Pellona ditchila, Ilisha indice, Sardinella fimbriata and Thrissocles
prrava.

The gas gland and retia are absent in the swimbladder of Clupeids studied. The occurrence
of columnar epithelium in the swimbladder of Sardinzlla fimbriaia suggests a probable cellular
secretion of gases in the organ.

Opening of the pnewnatic duct into a small collapsible chamber in the qvu.mbladdel of
Pellona ditchila and the presence of a bulb at the cardiac end of the pneumatic duct in Sardinella
Simbriata are interesting.

The diversity in the structural pattern of the cranial air vesicles of the swimbladder in
different species is an additional diagnostic character in taxonomy,

In addition to the relation of the swimbladder with the pars superior (utriculus) of the
mternal car in Pellona elongata and Pellona difchila, the close association of the prootic-air-
vesicle of the swimbladder with the pars inferior (sacculus) of the internal ear is noteworthy.
Probably the fishes have acquired a capacity for hearing.

The swimbladder of Sardénella fimbriata and 1'lirissocles purara has been reported to pos-
sess a posterior muscular appendage which communicates with the exterior. On the basis of
the anatomical and histological evidences, it is suggested that this appendage functions as an
exhaust control mechanism under nervous reflexes as explained in [lisha indica (Dehadrai 1960).

A detailed histological study of the posterior descending portion of the swimbladder of
Pellona elongaia and Pellonn ditchila veveals that its terminal extremity does not possess any
regular lumen but is filled with a plug consisting of dense connective tissue. The presence of this
connective tissue plug in a once functional posterior opening of the swimbladder suggests a
secondary atrophy of the mechanism.

IXTRODUCTION

As far back as 1820, Weber described the modification of the swimbladder
in Clupeids. Since then a number of workers like Hasse (1873), Retzius
(1881), Ridewood (1891), de Beaufort (1909), Tracy (1920), Svetovidove (1952)
and O’Connell (1955) have investigated the various aspects of the swimbladder
of Clupeids. Nayak and Bal (1955), Srivastava (1956) and Dehadrai (1960)
have reported on the modifications of the swimbladder in Clupeids from India.

The swimbladder of Pellona elongata (Benn.), Pellona ditchila (Cuv. and
Val.), Ilisha indica (Swainson), Sardinella fimbriata (Cuv. and Val.) and Thris-
socles purava (Ham.) shows certain marked anatomical peculiarities, which have
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not been reported so far. The present communication deals with the com-
parative anatomy and histology of the swimbladder in relation to its modifi-
cations in the above-mentioned fishes which were collected at Bombay and
Mandapam (Madras) and preserved in 10 per cent formalin: Anatomical studies
were done under binocular microscope. Histological preparations were
stained with Ehrlich’s Haematoxylin and counter-stained with alcoholic eosin.
Mallory’s connective tissue stain and Azan were also used for the differentiation
of the various tissues.

OBSERVATIONS
The swimbladder

The swimbladder (sb) of Pellona elongata, Pellona ditchila, Sardinella
fimbriata and Thrissocles purava is a simple fusiform-sac placed obliquely in the
abdominal cavity, The swimbladder of Clupeids possesses a prominent
pneumatic duct (pd). In front, the swimbladder extends in the form of a
pair of air-ducts to establish the ear-swimbladder relationship which will be
described later.

In Pellona elongata and Pellona ditchila, the shining silvery swimbladder
(Fig. 1) forks posteriorly in front of the first radial to form the postero-lateral

Fie. 1.

caudal caeca. The left caecum (lcc) is a small bud-like structure while the
right one (rcc) extends as far back as the sixth or seventh radial of the anal fin.
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Near the posterior boundary of the abdominal cavity in Pellona, there descends
from the ventral side of the swimbladder towards the vent a delicate posterior
descending tube (ptu) which lies closely adherent to the left side of the com-
pact structure formed by the rectum (rt) and the urinogenital papilla (ugp).
The urinogenital papilla gets divided at its tip into six to nine leaf-like fringes
which protrude out of the body cavity. The swimbladder in Sardinella
fimbriata (Fig. 2) and Thrissocles purava (Fig. 34) tapers behind and has an

Fi1c. 2,

opening to the exterior. The descending appendage of the swimbladder lies
apposed to the left side of the compact structure formed by the rectum, the

gonadal duct (9d) and the ureter (ur), the details of which will be presented
later.

Fic. 3.
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The swimbladder in 7Thrissocles purava possesses a series of eleven in-
complete but prominent septa (ksp) hanging from the dorsal wall in the
anterior region of the organ (Fig. 38). These septa gradually become smaller
at both ends, the largest septum being in the middle and occupying half the
lumen of the swimbladder.

The blood supply to the organ in the fishes studied is similar to that in
Ilisha indica (Fig. 44). A prominent branch of the coeliac artery (ca) passes
posteriorly over the stomach (st) and gives rise to two thin arteries (@) which
ascend along the lateral sides of the pneumatic duct and enter the wall of the
swimbladder. The venous blood (Fig. 4B) is drained back into the posterior
cardinal vein through the gonadal vein (gz).

The swimbladder wall

The tunica externa is generally formed by the closely packed bundles of
fibrous tissue which are arranged in circular layers. The swimbladder in
Sardinella fimbriata is covered by a thin, loosely arranged circular layer of
fibro-elagstic tissue (te) (Fig. 11).

The submucosa (sm) in Pellona elongata, Pellona ditchila ana Thrissocles
purava is a loose layer of connective tissue with scattered blood-vessels (Fig.
5A4) as in Ilisha indica (Dehadrai 1960). No submucosa has been observed in
Sardinella fimbriata,
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The muscularis mucosa in the investigated species of Pellona, Sardinella
and Thrissocles is composed of only a circular layer of muscles (emf). The
swimbladder is lined internally with an epithelial layer (ep) which is cuboidal
in Pellona and Thrissocles (Fig. 54) but columnar in Sardinella fimbriata
(Fig. 5B). The gas gland and retia mirabilia are absent in the swimbladder
of the above Clupeids.

The pnewmatic duct

In Pellona the long slender pneumatic duct (Fig. 14) opens into “the
oesophagus by a prominent opening. The pneumatic duct in Pellona is devoid
of a sphincter at either end. The opening of the duct into the bladder is
covered by a thin-walled flap (fp) forming a collapsible chamber (Fig. 6C),
the anterior and lateral walls of which are attached to the mucosa while its
posterior margin is free. This free margin is thick and ridged.

The pneumatic duct in Sardinella fimbriata (Fig. 2) and Thrissocles purava
(Fig. 34) descends to open into the blind extension of the cardiac stomach.
In Sardinella fimbriata, the duct swells up to form a bulbous structure near the
stomach. .

Fia, 6,
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Transverse sections of different regions of the pneumatic duct of Pellona,
Ilisha and Thrissocles (Fig. 6D) show that it possesses throughout its length a
uniform lumen which at places is filled with mucus. The wall of the pneumatic
duct consists of a tunica externa (te), a circular layer of muscles (cmf) and a
layer of loose connective tissue (ct). Internally, the lumen is lined with
cuboidal epithelium (cbe). Transverse sections from different regions of the
pneumatic duct of Sardinella fimbriata show that at the bladder end it possesses
a relatively wide and uniform lumen (Fig. 64). But near the opening into
the cardiac stomach, where it swells up, the lumen of the duct gets divided into
numerous secondary lumina (sl) by means of several longitudinal partitions
(Fig. 65).

The ear-swimbladder relationship

The ear-swimbladder relationship in Pellona elongata and Pellona ditchila
exhibits certain peculiarities and was studied in detail. Specimens of Ilisha
indica were also examined in which the ear-swimbladder relationship is on
similar plan such as that in Pellona. Sardinella fimbriata and Thrissocles
purava possessed the usual type of ear-swimbladder relationship as described
in other Clupeids by various workers. A study of the membranous labyrinth,
the otic bones and the anterior diverticulum of the swimbladder, involved in the
mechanism of the ear-swimbladder relationship, reveals the complex nature of
the mechanism.

In the membranous labyrinth (Fig. 9B) of Pellona, the median sinus
utriculus (u) lies free at the side of the cranial cavity associated with the
cerebral lobes. The horizontal broad base of the utriculus is produced ante-
riorly to form a recessus utriculus (ru) which bears at the anterior end a small
protuberance. This anterior protuberance lies in front of the crescent-shaped
auditory fenestra (auf) situated dorsally on the cerebral side of the prootic
bulla (prb) (Fig. 90).

The structure and position of the three semicircular canals, the anterior
vertical (avsc), the posterior vertical (pvsc) and the horizontal (ksc), have been
observed to follow the usual Clupeoid pattern as described by various workers.

The utriculus communicates ventrally with the large sacculus (sc) by
means of a wide canal (Fig. 9B). The sacculus lies in a spacious cavity in the
side of the basioccipital bone (bo). Anterodorsally, the lateral basioccipital
cavity joins a small recess in the prootic bone and thus completes the saccular
cavity. The recess of the prootic bone lies over the lower compartment of the
complicated anterior prootic bulla. The oval-shaped sacculus is produced
at its anterior end into a small bud-like prolongation which enters the prootic
recess in front. The surface of sagitta is ornamented and its ventral margin is
serrated.
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The membranous labyrinths of the two sides are held together by hard
fibrous connective tissue which, at the base, forms the subcerebral peri-
labyrinthine plate (spp) (Figs. 74 and B). Laterally, the plate closely adheres
to the inner side of the two sinus utriculi and thus connects the membranous
labyrinth of either side. The basal portion of the perilabyrinthine plate
ascends along the cerebral surface of the sinus utriculus of either side and forms
an arch over the medulla oblongata in Pellona ditchila (Fig. 74) while the same
portion becomes prominent in Pellona elongata (Fig. 7B).

Fiac. 7.

The swimbladder gets firmly attached in front with the first three verte-
brae and reaches almost to the sphenotic bone (Isp) (Fig. 94). Just below the
basioccipital bone, the mucosa of the swimbladder wall gives rise to a very
small precoelomic diverticulum (pcd) (Fig. 8G') which enters a cartilaginous canal
(crc) (Fig. 94). The cartilaginous canal bifurcates in front and the two arms
get firmly attached like a clip with the ventral side of the basioccipital bone.
Each of the lateral arms of the cartilaginous canals proceeds upwards to
reach the auditory foramen situated on the dorsal side of the exoccipital bone
(exo). In the exoccipital region, each of the lateral canals gets embedded in an
oblique shallow groove near the lateral ridge of the exoccipital bone (Fig. 94).
The anterior protuberance of the swimbladder also bifurcates into a pair of air-
ducts after entering the cartilaginous canal.

The air-duct in Pellona, after penetrating the exoccipital bone, gradually
dilates to form a fusiform air-vesicle (Fig. 8G), which is lodged in a spacious
cavity in the exoccipital bone. The wall of the air-vesicle is membranous and
glistening. The fusiform exoccipital-air-vesicle (eav) gets abruptly constricted
at the point where the opisthotic bone (op) lies and bifurcates into a posterior
and an anterior air-vesicle. Air-vesicles exhibit a complicated structural
pattern when compared with those in other Clupeids described by Ridewood
(1891) and Nayak and Bal (1955) (Figs. 84, B, C, D, E and F).

3
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The posterior air-vesicle is a large bilobed structure which lies in the
pterotic bulla (Fig. 94). The lobes of this pterotic-air-vesicle (pta) are de-
marcated by a constriction. Over this constriction, the horizontal canal of the
labyrinth lies encapsulated in the tunnel of the pterotic bone. The pterotic-
air-vesicle is placed in a postero-anterior vertical plane in the pterotic bulla.

The anterior vesicle (Fig. 8¢), lodged in a spacious and multichambered
prootic bulla (prb) (Fig. 94), is large and complex. The primary oval lobe of
the prootic-air-vesicle, which emerges from near the constriction of the fusi-
form exoccipital-air-vesicle, proceeds in front and is placed horizontally in the
upper compartment of the prootic bulla. Anteriorly, it gets constricted and
passes through an oval window which communicates with the lower compart-
ment of the prootic bulla. The lower multilobed portion of the prootic-air-
vesicle is placed in a vertical plane and possesses a very complicated structural
pattern. It is constricted in the middle and gets divided into a superior-air-sac
(spa) and inferior-air-sac (ipa).

The superior-air-sac gives rise to a small bud-like outgrowth, which lies
apposed to the fibrous tissue membrane (ftm) covering the auditory fenestra
(Fig. 9C). The auditory fenestra is narrow, crescent-shaped and situated dorso-
laterally on the cerebral side of the lower compartment of the prootic bulla.
The crescent-shaped fenestra, starting from the median axis of the skull,
extends upwards and faces the small bud-like protuberance of the recessus

3B
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utriculus, which lies apposed to the cerebral side of the fibrous tissue membrane.
Thus, the prootic-air-vesicle is in association with the recessus utriculus of the
membranous labyrinth along with its macula acoustica through this trans-

Iucent fibrous tissue membrane (ftm) covering the crescent-shaped auditory
fenestra.

Fia. 9.
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Secondly, the inferior-air-sac of the lower lobe of the prootic-air-vesicle
gives rise to a small bud-like protuberance which turns posteriorly and gets
lodged in a small recess in the prootic bone below the saccular cavity (Fig. 9B).
The bony wall between the sacculus and the protuberance of the prootic-air-
vesicle is thin. Thus, the prootic-air-vesicle, in addition to its association with
the recessus utriculus, also possesses a relation with the sacculus of the
membranous labyrinth,

The posterior opening of the swimbladder to the exterior

On removing the tunica externa from the posterior region of the swim-
bladder the complex modifications of the mucosa are noticed. The swim-
bladder of Pellona has been reported by Ridewood (1891) and de Beaufort
(1909) to possess a posterior opening to the exterior. But Pellona elongata and
Pellona ditchila show no such communication. On the other hand the swim-
bladder of Sardinella fimbriata and Thrissocles purava has a functional posterio
opening to the exterior.

Since the regulation of the gas-volume is controlled by the mucosa of the
swimbladder wall (Dehadrai 1960), the histological study was done only on the
mucosa of the posterior descending tube. In Pellona elongata and Pellona
ditchila (Figs. 14 and B) the mucosa of the swimbladder wall in the region of
the posterior descending tube is soft and forms a solid spongy appendage (sap).
In Pellona ditchila the thin layer of muscularis mucosa at the beginning of the
appendage is puckered (Fig. 104) and one of its descending loops reaches to
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about one-fourth the total length of the posterior descending tube. This loop
ends blindly and the rest of the spongy appendage is made of the connective
tissue (ct) and devoid of any lumen. But in Pellona elongata the entire appen-
dage is made of dense connective tissue (ct). It is without any lumen except
for a small funnel-shaped cavity (fc) at the distal end of the appendage (Fig.
10B). In some specimens of Pellona elongata the funnel-shaped cavity is shut
- off from the main chamber of the swimbladder by means of a plug made of
“fatty connective tissue (ft) with abundant nuclei. The plug is lined above with
cuboidal epithelium (cbe) continuous with the inner epithelial lining of the
swimbladder wall.

The structural plan of this modification in 7hrissocles purava and Sar-
dinelln fimbriata is different from that in Pellona. Although the mucosa of the
swimbladder wall in Thrissocles purava and Sardinella fimbriate is thin and
transparent anteriorly, it increases in thickness in the hind region and modifies
to form a thick muscular appendage (pma) which opens to the outside by a
distinct aperture. The posterior muscular appendage in Thrissocles purava
and Sardinella fimbriata is a tubular structure. It tapers distally and reaches
to about half the length of the outer tube made of the tunica externa.

The appendage in Thrissocles purava (Figs. 124, B and () and Sardinella
fimbriata (Fig. 11) is made of the same tissues as those of the mucosa of the

Fra. 11

main swimbladder wall. It is formed by the greatly thickened circular layer
of smooth muscle fibres (cmf). The muscle fibres are short and closely packed
in the connective tissue. In Thrissocles purava the inner epithelial lining is
thrown into lobes at the beginning of the appendage (Fig. 124). The lumen
of the appendage in Sardinella fimbriata is lined with columnar epithelium
(cle) but in Thrissocles purava with cuboidal epithelium (cbe). Towards the
opening of the appendage, the inner epithelial lining is disposed into a number
of long slender villiform processes (vp) in the above fishes.
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Fia. 12,

In transverse sections through the posterior portion of the rectum, the
gonadal duct, the ureter and the swimbladder in the region of the vent in
Sardinella fimbriala (Fig. 11) show that there is no common sphincter and that
each of the above four organs maintains separate identity and has an indepen-
dent opening to the exterior. The rectum, the gonadal duct and the ureter
in Thrissocles purava and Sardinella fimbriata are bound together by connective
tissue in the region of the vent to form a compact structure, while the swim-
bladder is attached to it by means of loose fibro-elastic tunica externa.
In Pellona elongata and Pellona ditchila the rectum and the urinogenital papilla
have their independent openings with separate sphincters, while the descending
tube of the swimbladder does not possess any opening to the exterior.

Discussion

The variations in the structure of the swimbladder in a homogeneous
group like Clupeids are striking. The presence of a series of incomplete
hanging septa in T'hrissocles purava among Clupeids is peculiar. 1t is difficult to
attribute any functional significance to this feature. Again, in no other
Clupeids, but Pellona, the postcoelomic extensions of the swimbladder are
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known. It is very problematic when fishes of the closely related genus Ilisha,
with similar body-form and configurations, do not have their swimbladder
extended posteriorly. However, its systematic significance could be appre-
ciated.

There exists a great deal of variation regarding the orientation, differen-
tiation and thickness of the different tissue layers of the swimbladder wall in
Clupeids. The loose submucosa has probably some function in the movement
of the inner mucosa independently of the rigid tunica externa. As indicated
histologically the absence of submucosa in the swimbladder wall in Sardinella
fimbriata is probably compensated by the loose fibro-elastic nature of its
tunica externa and thus facilitates the working of the posterior muscular
appendage. The difference in the nature of the inner epithelium in the
anterior and the posterior regions of the swimbladder is a peculiar feature.
Since the gas gland and retia are absent the occurrence of columnar epithelium
in the swimbladder of Sardinella fimbriata indicates a probable cellular secre-
tion of gases in the organ. Sundnes ef al. (1958) has suggested the possible
active transport of the gases by the cells lining the swimbladder in certain
Salmonid fishes lacking retia mirabilia. Experimental study on the gas
contents of the swimbladder of these fishes should yield interesting data.

As far as we know, the opening of the pneumatic duct into a small collap-
sible chamber in the swimbladder of Pellona ditchila is a feature not reported
in any other fish. It probably serves as a valve, which would open with the
entry of air from the pneumatic duct but would close when the swimbladder is
inflated.

The swimbladder volume in physostomatous fishes is known to be con-
trolled by the passage of gases through the pneumatic duct. The opening of
the pneumatic duct into the blind end of the cardiac stomach in Sardinella
fimbriata probably facilitates the passage of air into the bladder. No obser-
vations have been made on the mechanism by which the air is passed up the
duct. The fish would probably hold the gulped air in the hinder blind portion
of the stomach and then force it into the pneumatic duct. The passage of
air into the bladder through the pneumatic duct may be accomplished by
the alternate contraction and relaxation of the muscle layers, which would
gradually push the air into the bladder. The swollen portion of the pneumatic
duct with its divided lumen in Sardinella fimbriata may function as a sieve to
prevent the food particles entering into the gut.

The nature of the ear-swimbladder relationship in the family Clupeidae is
characteristic of the group and exhibits a uniform basic plan. Nevertheless,
certain variations have been noticed in the species studied.

The general plan of the membranous labyrinth in Pellona resembles that
described in other Clupeids by Ridewood (1891), de Beaufort (1909) and Nayak
and Bal (1955). But the modification of the sacculus at its anterior portion in
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Pellona elongata and Pellona ditchila is significant for it facilitates the relation
of the prootic-air-vesicle with the pars inferior of the internal ear in the above
fishes.

A comparison of the air-vesicles of the swimbladder in Pellona with those
of other Clupeoid fishes indicates a trend of increasing complexity. The diver-
sity in their structure in different species could be of use in taxonomy. In
Clupea sprattus, the posterior air-vesicle is absent and Matthews (1883) utilized
this feature in differentiating young herring from the sprat.

In Pellone a small bud-like outgrowth of the superior-air-sac of the
prootic-air-vesicle is in relation with the recessus utriculus through the fibrous
tissue membrane covering the auditory fenestra as described in Clupeids by
various workers like de Beaufort (1909), Tracy (1920), Nayak and Bal (1955)
and O’Connell (1955). But, in addition, the inferior-air-sac of the prootic-air-
vesicle in the investigated species of Pellona is in association with the anterior
portion of the sacculus also and thus exhibits the complex nature of the
mechanism.

The auditory function of the anterior portion of the sacculus has been
emphasized by von Frisch (1938), Dijkgraaf (1950) and Lowenstein (1957).
The relation of the prootic-air-vesicle with the anterior protuberance of the
sacculus and also the structure of the sagitta in Pellona suggest that the fish
has acquired a capacity for hearing. The reports on the sound production in
Clupeids by Huxley (1881) and Fish (1954) strengthen the above observations.

The presence of the posterior opening in the swimbladder and its function
in Clupeids have been much discussed. The reports by various workers like
Day (1880-84). Ridewood (1891), de Beaufort (1909) and O’Connell (1955) are
contradictory. It has been possible to reveal the true nature of the posterior
opening in the swimbladder of certain Clupeids studied during the present
work. '

Tt is only on the removal of the tunica externa of the swimbladder at the
posterior region that the real nature of the posterior opening in the swim-
bladder is revealed. The mucosa of the swimbladder is involved to a great
extent in the working mechanism of the posterior muscular appendage of the
swimbladder. The structure of the posterior muscular appendage is very
characteristic of Sardinella fimbriata and Thrissocles purava.

de Beaufort (1909) described the occurrence of a posterior opening in the
swimbladder of Pellona elongata, but he gave no histological details of the
modified organ in the adult specimens. The anatomy of the posterior des-
cending tube in Pellona elongata and Pellona ditchila resembles closely that of
British species described by de Beaufort (1909). But on the contrary histo-
logical studies'of the modified organ in Indian species of Pellorna indicate that
the mucosa of the swimbladder wall in the region of the posterior descending
tube is shrunk and becomes solid in nature without any lumen, which is
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puzzling. Thus the above observation raises the question whether or not the
tube described by de Beaufort in British species of Pellona was also a blind tube
without any lumen.

The histological study helped in explaining the nature of the modification
and understanding its functional aspects. The loose fibrous nature of the
tunica externa in Thrissocles purava and Sardinelle fimbriata should ensure a
free movement of the muscular appendage during its action. But in Pellona
elongata and Pellona ditchila the tunica externa forms a tough tube which
lodges the atrophied appendage made of the mucosa part of the swimbladder
wall.

The posterior muscular appendage in Thrissocles purava and Sardinella
fimbriata exhibits the same tissues as those in the mucosa of the swimbladder
wall, but the modification lies in the actual thickness, differentiation and
arrangement of the layers of the various tissues.

So far as differentiation of the muscular layer in the wall of the appendage
and disposition of the inner lobes and villiform processes in the lumen of the
appendage are concerned, 7'hrissocles purava exhibits a complicated structure
as compared to those in Sardinella fimbriata.

The mucosa of the swimbladder wall in Pellona elongata and Pellona
ditchila shows no modification and there is much less thickening of the mus-
cularis mucosa in the region of the posterior descending tube. The puckered
appearance of the mucosa at the beginning of the posterior descending tube in
Pellona ditchila indicates the gradual atrophy of the posterior appendage while,
in Pellona elongata, the posterior descending appendage shows a complete
atrophy. The funnel-shaped space occasionally met with at the distal end of
the appendage in Pellona elongata is probably a relic of the lumen present
during early stages in the life history of the fish. The presence of a spongy
connective tissue plug at the beginning of the appendage also strengthens the
view of its secondary atrophy.

The connective tissue blocking the entire lumen of the appendage in
Pellona elongata is probably formed by the proliferation of cells of the connec-
tive tissue of the muscularis mucosa. The one-way passage of air through the
pneumatic duct and the secondary closing of the postanal opening of the
swimbladder in the two species of Pellona pose a problem regarding the
mechanism of gas-volume regulation in these fishes, in the absence of rete
mirabile or gas gland. These fishes are known to have a considerable range of
vertical migration (de Beaufort 1909; Hubbs and Rechnitzer 1952).

de Beaufort (1909) surmised that the posterior opening of the swim-
bladder in herring plays a role during the metamorphosis of the larvae. He
considered it highly improbable that such an elaborate modification would
function only once in the lifetime of the fish, However, obvious secondary
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atrophy of the entire structure in Pellona suggests the usefulness at a particular
stage in the life of the fish. Developmental study on the swimbladder of
Pellona would throw more light on the subject.

Contrary to the observations of Maijer and Scheuring (1923), the present
study indicates that in Sardinella fimbriata and Thrissocles purava the posterior
portion of the swimbladder is separate from the compact structure formed by
the rectum, the gonadal duct and the urinary bladder, which disproves the
occurrence of a common sphincter muscle for all four openings. The presence
of a common connective tissue covering the hindermost portions of the rectum,
the urinogenital papilla and the swimbladder in Pellona elongata and Pellona
ditchila is in conformity with the report on the swimbladder of herring by de
Beaufort (1909).

Maier and Scheuring (1923) attributed the closing of the swimbladder pore
to a common sphincter muscle which forms a ring round the whole anal field
enclosing all the four openings. O’Connell (1955) suggested that in Sardinops
caerulea the posterior opening of the swimbladder, which is not controlled by
the sphincter, probably opens and closes as a result of differences of gas pres-
sure in the bladder and the hydrostatic pressure in the external environment.
O’Connell’s conclusions do not seem to be convincing. Under the conditions
suggested by him, the fish would not have any voluntary control over the
manipulation of the gas volume in the swimbladder and even the simple
swimming movements of the fish would compress the organ and the gases
would escape through the posterior opening. ,

On the basis of the anatomical and histological evidences collected during
the present study, supported by our knowledge of innervation of the swim-
bladder, it could be suggested that such a modification serves as an exhaust
control mechanism as described in Ilisha indica (Dehadrai 1960). The presence
of the villiform processes in the lumen of the appendage and its thick
musculature have a functional significance in the working of the mechanism.
The contraction and relaxation of the circular layer of muscles in the long
tubular appendage, under the influence of inhibitory and excitatory nerves
respectively, would control the gas volume in the swimbladder. Thus it serves
as a safety valve in Sardinella fimbriata and Thrissocles purava as described
in Ilisha indica (Dehadrai 1960).
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EXPLANATION OF FIGURES

Fre. 14. Lateral view of the swimbladder of Pellona ditchila and its posterior descending
appendage in association with other visceral organs,

F1¢. 1B, Diagram showing posterior descending appendage with tunica externa removed in
association with urinary papilla in Pellona elongatc.

Fic. 2. Lateral view of the swimbladder of Sardinella fimbriota and its posterior communication
with the exterior in association with other visceral organs.

Fia. 34. Lateral view of the swimbladder of Thrissocles purava and its posterior communication
with the exterior in association with other visceral organs.

T1c. 3B, Diagrammatic vertical section of the anterior portion of the swimbladder of Thrissocles
purava.

Fias. 44 and B. Arterial supply to the swimbladder and its venous back flow in Ilisha indica.

Fics. 54 and B. Transverse section through the mucosa of the swimbladder wall of Pellona
ditchila and Sardinella fimbriata respectively (camera lucida drawing).

Fies. 64 and B. Transverse section through the pneumatic duct at the swimbladder end and
stomach end respectively in Sardinella fimbriata (camera lucida drawing).

Fia. 6C. Diagrammatic vertical section of the swimbladder of Pellona ditchila showing collapsible
flap over pneumatic duct opening.

F16. 6D. Transverse section through the pneumatic duct on Pellona ditchila (camera lucida
drawing).

Fies, 74 and B. Perilabyrinthine tissue joining the two membranous labyrinths in Pellona
ditchila and Pellorta elongata respectively.

F1a, 84, Air-vesicles in Clupea sprattus. After Ridewood (1891).

Fic. 8B, Air-vesicles in Clupea harengus. After Ridewood (1891).

* Not consulted in original.
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Air-vesicles in Clupea alosa. After Ridewood (1891).

Air-vesicles in Hilsa toli. After Nayak and Bal {1955).

Air-vesicles in Clupea pilchardus. After Ridewood (1891).

Air-vesicles in Engraulis encrasicholus. After Ridewood (1891).

Air-vesicles in Pellona.

Lateral view of the skull of Pellona clongaia showing entrance of air-duets into auditory
buila.

Diagram showing relation of inferior air-sac of prootic-air-vesicle with anterior portion
of sacculus in Pellona.

Diagram showing relation of the superior-air-sac of prootic-air-vesicles with recessus
utriculus in Pellona.

104. Longitudinal section of the posterior descending appendage in Pellona ditchila showing

puckered nature of mucosa (camera lucida drawing).

10B. Longitudinal section of the posterior descending appendage in Pellona elongata showing

11.

its solid nature and its funnel-shaped cavity {camera lucida drawing).

Transverse section through the terminal portions of rectum, gonadal duct, urinary
bladder and swimbladder in Sardinella fimbriata, near the vent showing independent
openings (camera lucida drawing).

Fias. 124, B and C. Transverse sections of the posterior muscular appendage through the distal,

middle and proximal regions respectively in Thrissocles purava (camera lucida drawing).

LEGENDS

a, artery.

auf, auditory fontanelle.

avse, anterior vertical semicircular canal.
bo, basioceipital.

by, blood vessel.

ca, coeliac artery.

cbe, cuboidal epithelium.

cle, columnar epithelium.
emf, circular muscle fibres.
cre, cartilaginous canal.

cst, cardiac stomach.

ct, connective tissue,

eav, exoccipital-air-vesicle.

ep, epiotic.

exo, exoccipital.

fc, funnel-shaped cavity.

fet, fibro-elastic tissue,

f2, flap over pneumatic duct.
Jfrp, frontal process.

Jt, fatty tissue,

ftm, fibrous tissue membrane,
g, gonad.

gd, gonadal duct.

gv, gonadal vein.

kse, horizontal semicircular canal,
hsp, hanging septum.

7pa, inferior-air-sac of prootic-air-vesicle.

k, kidney.

lcc, left lateral caudal caecum.
Uf, leaf-like fringes.

{p, lamina propria.

lsp, lateral sphenotie,

M, Mucosa.

op, opisthotic.

P, parietal,

ped, precoelomic duct.

pd, pneumatic duct.

pma, posterior muscular appendage.
pra, prootic-air-vesicle,

prb, prootic bulla.

pla, pterotic-air-vesicle,

ptb, pterotic bulla,

ptu, posterior descending tube.

pvsc, posterior vertical semicircular canal.
rec, right lateral caudal caecum.

rt, rectum.

ru, recessus utriculus,

sap, spongy appendage.

8b, swimbladder,

sc, sacculus.

sl, secondary lumen.

sm, submucosa,

spa, superior-air-sac of prootic-air-vesicle,
spl, supra-cerebral-perilabyrinthine plate.
spp, subcerebral perilabyrinthine plate.
8t, stomach.

te, tunica externa,

u, utriculus.

ubl, urinary bladder.

ugp, urinogenital papilla.

ur, ureter.

v, vein,

vp, villiform process.



