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Introduction

piece of research on the nidamental gland of Chiloscyllium griseum was
undertaken as a preliminary to a study of the structure and function of the
gland in some of the common Elasmobranchs found in Madras. Childscyllium, a typically oviparous form, was chosen in the first instance on account
189
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of its large nidamental or shell glands. They are best developed in the female
of oviparous forms and generally very much less in the viviparous Elasmobranchs. Sometimes they are even totally absent.
Previous History

These glands were known as early as the days of Aristotle, and were
called in the Ray as ' Bruste of Aristotle '.
Muller (1843) (as quoted by Borcea, 1905) remarks that there are great
differences in the conformation of these glands which serve to secrete the shell
of the egg. He says, that the gland is scarcely indicated in Torpedo, where
no egg case is secreted; and it is doubtful whether it even exists in Lamna.
But in oviparous rays, chimeras, etc., they are well developed. Muller also
describes the various modifications in shape of the gland, met with in Squales.
Cuvier (1846) (as quoted by Borcea, 1905) describes the gland as a dilation of the oviduct, enveloping in its walls a glandular body composed of
tubes. The secreted ` humour ' produces the shell of the egg, and the form
of the shell is doubtless the same as the glandular surface.
Leydig (1852) considers the gland as situated outside the mucosa of the
oviduct. The secretion, he says, is in the form of spiral filaments in two
longitudinal grooves situated below the reunion of the two halves of the
gland. The glands consist of tubules with fat globule contents (apparently,
as Widakowich says, he took the granules of shell secretion for fat).
Martin St. Ange (1856) (as quoted by Borcea, 1904) describes the nidamental gland of the Mustelus vulgaris. This author believes that at the outset
the shell secreted by the nidamental gland is placed in a manner intimate to
the vitelline membrane, and as the egg travels along the oviduct, it detaches
itself little by little from the vitelline sphere by the penetration of a notable
quantity of albuminous liquid " par endosmose ", when the foetus is at the
point of birth. This liquid fulfils the function of the amnion of higher
vertebrates.
Vogt and Pappenheim (1859) (as quoted by Borcea, 1904) worked on
the nidamental gland of Raia clavata. They describe three zones,—a longitudinal, an oblique and a transversely striated one. The lower part of the
gland has a zone larger than the preceding one which has a velvety surface.
Bruch (1860) remarks that the nidamental gland varies according to the
species and the period of the year.
Gerbe (1872) (as quoted by Borcea, 1904) was the first to observe that
the nidamental gland not only secretes the shell but also the albumen.
Before him it was believed that the albumen was secreted in the cranial
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oviduct. The production of albumen and shell, he says, is almost simultaneous.
Perravex (1884) described the nidamental glands of Scyllium canicula
and Scyllium catulus. The stratified structure of the shell, he says, is due to
the disposition of the transverse plates (referring to the lamellm) found in the
middle region. According to him, the gland cells do not contain fat droplets
but secretory granules. He aims at describing the origin of the shell, without
support of anatomical evidence. Perravex does not distinguish the different
kinds of shell tubules.
Henneguy (1893) studied the histology of the albumen producing and
the shell producing regions of the nidamental glands of Scyllium canicula.
He describes large prismatic cells in the cranial part between which are
inserted very narrow ciliated cells with central nuclei. The cells of the
albumen producing region are transparent and filled with a fine protoplasmic
reticulum and the big cells of the shell producing region are crammed with
refringent granulations, insoluble in potash, and strongly coloured by Methyl
green. He observed the narrow intermediate zone of mucous glands between
the albumen and shell producing regions but thinks they are partly responsible
for the secretion of the shell.
Disselhorst 1904 (as quoted by Widakowich, 1906) describes the nidamental glands of Raia.
Garman 1885 (as quoted by Widakowich, 1906) found in Chlamydoselachus which he took for a viviparous form a nidamental organ. He describes
it and also gives a figure.
Borcea (1904) : His paper is quite a long one, dealing with the whole
reproductive system of Elasmobranchs. He describes with diagrams the
nidamental glands of Scyllium canicula and Sevllium catulus. He observes
the three sets of glands which he names according to the nature of their
respective secretions as albumen glands, mucous glands, and shell secreting
glands. He is of opinion that among Elasmobranchs there are variations
in the nature of the albumen secreted by the 1st zone of the nidamental
gland. He compares his observations with those of Tarchanow and Lataste
(1889) on the albumen of bird's eggs. As regards the formation of the egg
case, Borcea (1904) is of the same opinion as Perravex, and considers the
arrival of the egg usually necessary though other stimuli can incite the gland
to function. He also deals with the secretion being deposited in layers by
the help of the lamellar, though he does not mention anything about the
" zottchen " or " tufts " of Widakowich. Borcea ends his paper by touching
lightly upon the development and vascularisation of the nidamental gland.
-
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Widakowich (1906) published a paper on the "Structure and
function of the nidamental organs of Scyllium canicula ". Here we get
a detailed and critical study of the structure and function of the gland.
Widakowich was fortunate enough to find that three out of the forty specimens
examined by him contained in their oviducts eggs with shells incompletely
developed; which means that the egg case was just being formed. It was,
therefore, comparatively easy for him to distinguish the different types of
secretion and the mode of shell formation. He distinguishes four sets of
glands, viz., albumen glands, shell glands, intermediate large mucous glands
and a set of smaller mucous glands lying in the inside of the organ at the
caudal pole. The shell secreting glands, he divides, into two groups, one
which secretes the filaments forming the cranial part of egg case and the
other which secretes those emerging from the caudal end of egg case. According to him the major portion of the nidamental organ consists of small tubular
shell glands secreting the shell matrix. He also describes the structure of
the egg case. The plastic secretions according to him are rolled together into
layers of suitable thickness by the help of the lamelle and the egg gets covered
with as many layers of secretion as there are inter-lamellar spaces.
No work has been done on the nidamental glands of any of the Indian
species of Elasmobranchs and Chiloscvllium griseum is the first of its kind
undertaken for this investigation.
Material and Methods

It was found very difficult to get specimens of suitable size and maturity.
Specimens measuring less than 65 cm. were found immature and the glands
in these were very imperfectly developed, if at all. However, six fully mature
live specimens ranging in their size from 65-75 cm. were obtained in which
the nidamental glands were found in a highly developed condition useful
for the study of secretory activity. These were opened and the nidamental
glands removed and fixed immediately in Nassanov, DaFano and other cytological fixatives for the demonstration of golgi. The results will form the
subject-matter for another paper. Corrosive acetic formol proved the
best fixative for histological study of the gland and material fixed in this
gave very little trouble in cutting. This fixative was also found suitable
for mucus test with Thionin blue. Other fixatives used were Bouin,
Formalin 5%, Zenker formol, and Carnoy. The last was very useful for
bringing out the nuclei. Bouin's fluid was helpful in demonstrating the
general structure, but material fixed in this gave considerable trouble when
sectioning. The picric acid had to be washed out completely with several
changes of lithium carbonate in 70% alcohol before grading up.
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In spite of this the material became quite brittle and quick penetration of
paraffin was impossible in case of material fixed in Bouin's, with the result that
I found it very difficult to obtain entire sections of the whole nidamental organ.
The tough outermost covering of the oviduct and the nidamental organ
was another factor that made section cutting very tedious ; for, sections
crumbled and broke off before the knife at this point. Occasional immersions
of the cut surface of the block in ice lessened to some extent this difficulty.
Solutions containing HgC1 2 or acetic acid, entirely destroy the early
stages of albumen formation. Zenker's formol followed by Iron himatoxylin
proved most suitable for demonstrating albumen formation. Complete
sections of the nidamental gland, 8-10 microns thick, as well as sections of
small bits of the gland 5-6 microns thick, were taken for histological study.
The material, after grading up in alcohols was given two changes of Cedarwood oil, 3-6 days, and left in the paraffin bath for an equal number of
days. 58° paraffin was used. Smearing of a little soft paraffin on the upper
and lower edges of the block enabled me to get good ribbons.
Stains used.—Iron HTmetoxylin was found good for nuclear study
especially after Carnoy. Counter-staining with van Gieson was helpful in
differentiating the two sets of shell secreting glands. The part of the cranial
zone just below the large mucous glands remained jet black, while the rest of
the shell secreting tubules took a brownish-yellow colour. The cilia too
appeared prominent as they were stained pink. The intermediate zone of
mucous cells and those of the caudal pole were stained purple by thionin.
The caudal mucous cells did not stain as intensely with thionin as the
mucous cells of the intermediate zone. Mucicarmine was also used to
demonstrate mucin. Mallory's triple stain served very well for general differentiation of tissues and the layers of the egg case. Keratin (outermost and
innermost layers of egg case) stained in shades of red while the middle
zone as well as the albumen, forming a thin coating to the inner wall of
capsule, were blue.
General Structure of the Nidamental Gland

In the mature forms the nidamental glands appear as two solid structures
situated 6•2 cm. below the common oviducal opening (P1. V, Fig. 1). When
the fish is slit open from the ventral side the nidamental glands lie flat attached to the dorsal side by the highly vascular mesovarium. Often there is a
twist in the reproductive system specially at the junction of the caudal
oviduct with the uterus.
In the specimens examined both the glands were equally well developed.
They are pear-shaped structures, broad anteriorly, tapering down below, and
BI a
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merging into the caudal oviduct. The swollen cranial portion measured
2.5 cm. in length and 3.75 cm. in breadth and the caudal tapering posterior
part 2.5 cm. in length. To the naked eye the nidamental organ consists
of two parts of different colours; a flesh-pink anterior zone and an opaque
white portion which occupies the rest of the cranial portion of the gland. The
latter portion is incompletely divided into right and left halves by a slight
external groove lying slightly on one side of the gland, to the right or left as
the case may be. This white portion extends down into the caudal pole for
an inch or more, after which the caudal oviduct starts. When slit open
along the dorsal side (Text-Fig. 1 a) the inner aspect of the gland shows the
three zones. The inside of the first zone is traversed by shallow grooves
with alternating ridges. The second or middle zone is the broadest and is
characterised by very delicate lamella with slightly wavy tops. With this

TEXT-FIG. 1

zone the anterior swollen part ends. The third zone has a smooth inner
surface. Running along the ventral side of the posterior half of the gland is a
prominent groove which merges behind with the lumen of the caudal oviduct
(Text-Fig. 1 b). In addition, there is a less prominent groove on the dorsal
side. Apparently the secretions flow along these grooves, and the lateral
ridges of the fully formed egg capsules are formed by these grooves in the
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caudal pole of the nidamental organ, where the egg capsule is moulded into
its characteristic shape. Owing to the enormous development of the glands
the external muscular couch of the nidamental organ has almost disappeared.
The two sides are pressed against each other by their inner surfaces, so that the
lumen in a median sagittal section appears as a long narrow antero-posterior
slit. Yet the organ is so extensile, that the comparatively large egg capsule
from the uterus could easily be pushed up into it. The entrance of the cranial
oviduct into the gland is very narrow with the result that the egg, which is
big, has to be forced inside the nidamental organ, probably by the peristaltic
contractions of the muscles of the oviducal walls.
Histology of the Nidamental Gland

(a) The albumen glands.—A longitudinal section involving the cranial
and caudal parts gives a clear idea of the general structure and arrangement
of the gland tubes within the nidamental organ (Text-Fig. 2). Just below

TEXT-FiG.

the anteriormost region nearly 1 cm. in width, is the albumen secreting
zone. The gland tubes here, are simple and arrange themselves
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almost in parallel series. They start blindly at the outer wall, run at
first in cranial caudal direction, then get bent and open into the lumen
of the organ, in the region of the cranial transverse bands already mentioned.
These bands are more or less in the form of low ridges. The gland tubes get
cut both horizontally and transversely because of their winding course, transverse sections predominating near the lumen just where the gland tubes get
bent when they are about to empty themselves.
The tubules are formed of two kinds of cells, (1) Secretory cells with
sparse cilia; (2) Non-secreting cells with prominent cilia and hence called
ciliated cells. The secretory cells possess cilia which are not very prominent.
The cilia of the ciliated cells are very slender and long, and they aid in wafting
the secretory products from the lumen of the tubules into the main central
lumen of the nidamental organ. It is doubtful whether the ciliated cells
take any part in secretory activity. They have not been observed to contain
secretory products. The cytoplasm of the cells forming the albumen glands
is alveolar and plasma cells occur in the albuminous region in large nests.
They are found in the loose connective tissue between the glands and occasional masses of these lie in contact with large blood vessels. The nuclei
of the two sets of cells are at different levels forming two complete concentric
rings, the outer ring being formed by the nuclei of the gland cells and the inner
by those of the ciliated cells. Roughly speaking an albumen secreting
tubule in transverse section (Text-Fig. 3a) is oval in outline, consisting of

TEXT-FIG. 3
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15-20 gland cells, and 7-9 ciliated cells. The nuclei of the former are peripheral and roughly circular. They possess a dark nucleolar body and chromatin granules. It was noticed that though the egg case had already been
formed round the albumen covered egg, the cytoplasm of the albumen gland
cells was filled with transparent albumen globules packed together so as to
form a sort of network. The cytoplasm of the ciliated cells forms a thin
rind and is hardly visible as the cells are pressed in between the gland cells.
The nuclei of the ciliated cells do not stain as deep as those of the gland cells
and are poorer in chromatin. The lumen of the gland tubes are circular
and cilia of the ciliated cells reach almost the middle of the lumen. The
albumen cells as a whole have clear unbroken margins. When heavy secretion occurs the apical cell walls get ruptured.
The cranial transverse bands bordering the lumen into which the individual glands open are very low when compared with the lamellae of the shell
secreting zone and are nearly as broad as long and quadrilateral in transverse
section (Text-Fig. 4). The stroma is made up of vascularised connective
tissue containing muscular strands. There are about 20--30 of these bands.

TEXT-FIG. 4
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Externally these bands are covered by a two-layered epithelium showing
clearly the respective rows of nuclei one below the other. These cell layers
with their nuclei correspond to the two layers of cells of the gland tubules,
viz., gland cells and ciliated cells. The lumen is ciliated in the region of the
cranial transverse bands as also throughout the length of the nidamental
gland.
Mallory's triple stain colours the albumen glands pale blue. Iron
hmetoxylin stains them pale grey, van Gieson pale pink. This latter
counterstain brings out the cilia well. In the case of Thionin blue, certain
regions stain blue while others appear purple. The purple colouration is
prominent only when stain is fresh, and is washed away as sections
are graded up in alcohols. The curious phenomenon of part of
the albumen glands staining blue, while others are coloured bright
purple (mucus test) is in accordance with Borcea's statement: " That the
albumen of the Scyllium egg presents more the characters of mucin than
albumen proper". He says, that in Rays, it is characteristic that the whole
of the first'zone of the nidamental gland secretes mucin. Borcea has also
verified that among Elasmobranchs there are variations in the nature of the
albumen secreted by the first zone of the nidamental gland. He
compares this with the observations of Tarchanow and of Lataste (1889)
on the albumen of bird's eggs. Tarchanow observes that the eggs of nidifugous birds (where the young ones are hatched in a very advanced state as
for example the egg of fowl) possess the ordinary albumen or white of the
egg. But among nidiculous birds where the young are hatched (precocious),
or incompletely developed (pigeons, sparrows and crows), the egg possesses
a particular albumen, which has mucin characteristics and remains transparent after coagulation by heat. This albumen is alkaline to litmus and is
apt to imbibe and swell out in water. He called it Tatalbumen or " Tatablanc ". The two kinds of albumen are generally linked because Tatablanc
easily transforms itself into the white of ordinary eggs under the influence of
the yellow. Lataste shows that this particular albumen exists also in notable
proportion in the white of the egg of hen, and it seems no other than mucin.
This is also in accordance with Borcea's statement (1904) that in the
Elasmobranchs there are variations in the nature of the albumen secreted by
the first zone of the nidamental organ. In Acanthias and Rays, Borcea says,
the white of the egg is formed exclusively of mucin; among others by
albumen proper and mucin. Probably, the facts observed in Chiloscyllium
griseum indicate, that the white of the egg is formed either of albumen proper
and mucin, or following Tarchanow, it is composed of Tatablanc which has
mucin characteristics.
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(b) Histology of the anterior mucous glands. —Just below the region of
the albumen glands and lying in between the former and the shell gland region
is a horizontal row of transversely cut tubules which in the entire gland will
naturally be in the form of a partition between the albumen and shell gland
zones (Pl. V, Fig. 2). These glands are easily identified to be mucous or
slime secreting glands, due to their dark purple reaction with thionin. The
gland cells provide a thin layer of mucous secretion over the already albumen
covered egg to prevent friction between the albumen and forthcoming shell
secretion. Mallory's stain colour these glands pale blue, and other stains
leave them colourless. They have almost the same structure as the albumen
glands, with gland cells and ciliated cells, but are slightly larger in size. The
basal nuclei are shrunken and poor in chromatin (Text-Fig. 3b) The slime
glands open into the lumen between the cranial bands and the lamellar
region.
(c) Histology of the shell glands. —The shell secreting region is the third
zone in the nidamental gland. These glandular tubes are also larger in size
than the albumen glands. They commence blindly at the periphery and run
towards the lamellar zone so that in a sagittal section they are all cut horizontally more or less. They show considerable similarity in structure with
the albumen glands. In the active state they are closely packed together
with hypertrophied capillaries, and a greatly reduced connective tissue stroma
between them. The boundaries of the cells can only be recognized with great difficulty. Where heavy secretion occurs, the apical cellwalls are ruptured, whereas in resting condition the cells have clear unbroken
margins. The shell secreting tubules are differentiated into two sets; a
cranial set of tubules and a caudal set of tubules. Just below the horizontal
row of slime glands is a comparatively narrow zone of transversely cut
tubules in 5-7 rows which stain jet-black (Pl. V, Fig. 2), while the rest of
the shell secreting tubules stain greyish black. With van Gieson counterstain
the former remain black while the other shell tubules take a straw-yellow
colour.
The cytoplasm of these shell tubules is filled with dark staining granular
secretions; but in some, towards the lumen of the transversely cut tubules the
secretion is very dense, and forms a jet-black ring (Text-Fig. 3c), bordering
the circular lumen of the tubule, so that the inner ring of nuclei of ciliated cells
is greatly obscured. The shell tubules are composed of gland cells (20-24)
and ciliated cells (7-10) (Text-Fig. 3d). Gland cells are loaded with granular
secretion that fill the cell cytoplasm completely causing the cell boundaries
to rupture. Probably, once the fish attains maturity during the breeding
season, the nidamental glands remain continuously active and the stimulus
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of the egg in the cranial oviduct does not seem to be absolutely necessary for
the gland to start functioning. For, as soon as the egg cases in the uteri are
liberated into the sea, new eggs from the well-developed median ovary may
descend into the oviducts; hence the nidamental organs are always kept in a
state of activity with little or no interval of rest. It is obvious that this process is rapid, as it is very difficult to obtain specimens with egg inside the
cranial oviduct, or nidamental gland. The specimens examined were either
in the spent condition or with the egg cases in the uteri. Other workers have
encountered the same difficulty of not obtaining even a single specimen with
the capsule in the course of formation. Once the egg has reached the oviduct,
events seem to move rapidly. It cannot be otherwise, as several pairs of eggs
have been known to be laid in aquaria in the course of one or two weeks.
The nuclei of the gland cells of the shell secreting tubules are larger and
more circular than those of the albumen glands, while those of the ciliated cells
are oval. The nuclei of the shell tubules on the whole are poorer in chromatin
contents than the albumen glands. The cilia are very fine and not prominent. The gland tubes open into the lumen of the nidamental gland in the
lamellated zone.
(d) The lamellce, their arrangement and structure.—The internal folds of
the mucosa in the shell secreting region are in the form of lamely covered by a
strong layer of connective tissue, which lies deeply bordering the glandular
region. This connective tissue is produced into the corium of the lamellW
which is vascular. There are about 75 lamella;, all horizontal, the anteriormost ones of medium size, with flattened tips. In the middle they are
very long and typically differentiated with curved ends (Pl. V, Fig. 3). Posteriorly they again shorten in length. Occasionally the lamellar are dichotomous.
They are very narrow at the base where the epithelium of the two sides is
almost in contact. Towards the middle they broaden out in section and are
filled with connective tissue with vascular dilations containing large blood
corpuscles. Towards the ends, they project freely into the lumen of the gland.
The outer lining epithelium is uniformly ciliated. The epithelial cells are less
high at base of the lamellT, where they are cubical with rounded nuclei. In
the dilated part of the lamella' the epithelium is composed of cylindrical cells
with elongated nuclei. Each lamella is accompanied by two smaller linear
processes (like the linear stipules of a leaf) one on each side. The epithelium
of these is composed of cubical cells with rounded nuclei similar to those of the
bases of lamella; and is continuous with the epithelium of the latter. These
processes Widakowich calls " Zottchen ", meaning tufts. The lamellar
project in regular series without interruption while occasional irregularity is
found in the arrangement of the tufts. Sometimes, a lamella has only

Structure and Function of Nidamental Gland of C. griseum 201

one tuft. But wherever gland tubes open into the lumen they empty
themselves between the two tufts of two adjacent lamelhe. Thus the
glandular opening is guarded by the two tufts accompanied by the two respective lamellae on either side. The cilia lining the lumen of the gland tubes are
very prominent here, and matted. Where the glands open, the secretion is in
the form of thick granular filaments staining yellowish-brown with van Gieson
counterstain after Iron hmmetoxylin similar to that found in the gland
cytoplasm. It would be interesting to know whether these are the remains of
the secretion that went to form the egg capsule, or can it be that the
nidamental gland is in a fresh state of activity for a forthcoming egg ?
From the nature of the lumen bordered with lamella, there can be no
doubt that Widakowich is correct in his supposition that the lameihe and tufts
have the power to roll the plastic secretion into a layer of suitable thickness,
thereby, the egg getting surrounded with as many layers of secretion as there
are interlamellar spaces. Through the pressure of the glands opening at their
bottom the tufts give a direction to the lamelle, in the rolling of the layers.
In many sections the ciliated epithelium bordering the lamelle seemed rubbed
off, or broken up into bits. Hence the epithelium was not entire. This
occurred especially at the tips of the lamellT and the vascular core projected
bare. This is a characteristic feature of the epithelium, due to its being
constantly renewed, and not due to faulty razor or careless sectioning, because
wherever the lamelle were bare, several bits of the epithelium were found
thrown into the lumen. It was also noticed that new epithelium was rapidly
being formed. Thus the ciliated epithelium of the lamellw is in a constant
state of renovation.
(e) Histology of the posterior half of the shell secreting zone.—The caudal
zone of the nidamental organ is densely packed with narrow shell secreting
tubes. This region is separated from the anterior shell glands, or the zone of

lamelle on both sides of the lumen, by a broad band of parenchymatous
tissue which is very vascular (Pl. V, Fig. 4). This parenchymatous band in
the nidamental gland of Chiloscyllium is absent in that of Scyllium canicula
described by Widakowich. In the latter, there is no distinct division of
the nidamental organ into caudal and cranial portions. There are slight
differences even in the shape of the nidamental glands in the two cases.
The caudal zone (Text-Fig. 2) starting just below the lamellated region,
in sagittal section, presents the following structure. On either side of the
continuous slit-like lumen of the nidamental organ lie an outer broad longitudinal band of shell secreting tubules, and an inner narrower band of transversely cut mucous tubules. The latter have clear transparent cytoplasm,
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and are situated on either side of the lumen just outside the region of the
caudal bands. On close examination one finds that these are merely the
inner extremities of the caudal shell tubules, which assume mucous secreting
function, when necessity for mucin occurs. This view is supported by the
fact that caudal shell tubules and caudal mucous tubules are simply different
parts of the same tubule in transverse section. Only the staining reactions
vary, due to the difference in the nature of secretion. Moreover, in certain
longitudinal sections of tubules (Pl. V, Fig. 5), the cytoplasm is loaded with
granular secretions at their broader outer ends, while at their inner extremities
the cytoplasm is devoid of secretions and is transparent (Pl. V, Fig. 6;
P. VI, Fig. 1). Thick streaks of granular secretion occur in the lumen.
The secretions stain straw-yellow with van Gieson and greyish-black in Iron
hemetoxylin. At the outer (granular) end of tubule, the cell outlines are
clearer, and both in horizontal as well as transverse sections two sets of nuclei
at different levels are obtained. The outer or peripheral nuclei are those of
the gland cells and the inner nuclei those of the ciliated cells. At the inner
narrower ends of the tubules, however, the peripheral nuclei get shifted
towards the lumen and are almost in line with those of the ciliated cells.
The nuclei in these regions are shrunken and chromatin contents very poor.
It is very probable that these regions represent the washed-out condition of
merocrine gland cells. The caudal tubules as a whole are narrower than the
cranial set. There is a gradual reduction in size even in the former, for the
tubules diminish considerably in diameter from just below the lamellated
zone to the posterior-most extremity of the nidamental gland.
The caudal slime glands function last of all, and provide mucin to be
poured over the egg case to help it to slide freely into the caudal oviduct,
without friction between the two surfaces. The lumen of the nidamental
gland in the caudal zone is bounded by low ridges (Text-Fig. 5a), their stroma
consisting of connective tissue. Between these the outgoing ducts of the
narrow shell glands lie. Their surface is covered uniformly with cilia.
Development of the Nidamental Organ

In the advanced embryos and young animals the gland presents the form
of a slight swelling of the oviduct, lined in the interior by a simple
epithelium (Text-Fig. 6). The elements of this epithelium proliferate actively
and then the surface presents some folds, in the deeper parts of which the
glands are formed by budding. The glandular tubes do not acquire the
special characters of the adult animal until maturity and once the adult stage
is attained the characteristic features develop very rapidly. At first, there is no
distinction between secretory or gland cells and ciliated cells. All the cells
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TEXT-FIG 5

are ciliated and the nuclei at the same level (P1. VI, Fig. 3). Later, multiplication of cells occurs and certain nuclei get shifted towards the lumen of the
gland tubule; thus two concentric rings of nuclei are obtained. Intermediate
stages in this shifting could be seen in certain sections. The outer ring
consists of nuclei of the gland cells which are secretory in function, while the
inner are the nuclei of the ciliated cells proper, which appear pressed between
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two secretory cells. This is also in accordance with Borcea's observations
(1904). It is very interesting to note that the caudal shell tubules are
the first to develop (Text-Fig. 6). Shell (serous) secretions take a longer
time to mature than the other secretions, hence it is necessary that the
cycle in the shell tubules should start earlier. The lamelle develop typically
in the anterior shell secreting zone quite early even before the gland tubes
could develop in that region (Text-Fig. 6).

TEXT-FIG. 6

Nidamental Organs of Chiloscyllium griseum compared with those of
Scyllium canicula and a Few Madras (Viviparous) Elasmobranchs

A brief account of the nidamental glands of other Elasmobranchs
examined may not be out of place.
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The nidamental glands of Chiloscyllium griseum bear great resemblance
to those of Scyllium canicula described by Widakowich, as well as to those of
Scyllium catulus worked out by Borcea in 1904. The resemblances are
striking and only to be expected in such closely related oviparous Elasmobranchs. The egg as it passes the nidamental gland is covered first by the
albuminous secretion from the anterior region of the nidamental gland,
then by the horny secretion which hardens to form the capsule. This egg
capsule is liberated by the fish into the sea and there the egg develops into the
embryo which on completion of its development escapes from the capsule
(Gopala Aiyar and Nalini, 1938). It is well known that the uterus is better
developed in the viviparous forms than in the oviparous as here the embryos
are lodged and nourished for a considerably long time within the uterus of
the mother. In oviparous forms, where the embryos are not nourished by

TEXT-FIG. 7
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uterine fluids, but the uterus only serves to harbour the egg (lodged in a
capsule) for a short time, the structure of the uterus is simplified to a certain
extent, though muscularity has to be retained for the purpose of expelling the
eggs. The nidamental glands on the contrary are better developed here.
Examination of several mature viviparous Elasmobranchs through the courtesy of Miss Mahadevan, has shown that the glands are present in viviparous
forms as well. In fact, most, if not all the different viviparous Elasmobranchs
examined in the course of my work, had some indication at least of the
nidamental glands. Narcine timlei and Astrape dipterygii were the only
two forms that lacked in these organs completely. In Scoliodon walbheemi
(Text-Fig. 7a), Sc. dussumieri (Text-Fig. 7b) and Sc. palasorrah (Text-Fig. 7 c)
the nidamental glands are quite big in comparison with size of fish and in
the mature forms, about 1" long and i-" broad. They are heart-shaped with
two anterior horns and consist of two sets of glands. When the uteri of these
specimens were slit open carefully the embryos were found to be covered by a
very thin transparent shell membrane in all cases, and remnants of the
shell membranes were found to be retained by the uteri of fish where the
embryos had already been liberated. In one specimen of Pristis cuspidatus
each uterus was distended with a complete bag-like structure composed of
softly delicate and smooth shell membrane, within which large yolky
masses were lodged wrapped in gelatinous albumen. One egg case contained
three eggs, the other one, Pristis being viviparous the egg case is merely
to afford temporary protection for the eggs within the uterus and hence it is
delicate in texture. The nidamental glands in Pristis are large and cup-like
with a very spacious cavity (P1. VI, Fig. 6). Here the walls are not as thick
and softly glandular as in Chiloscyllium, but all the same, are composed of gland
tissue. The inner surface is seen to be differentiated into three zones, the
anterior two consisting of lamellae. Sections of a strip show that two sets of
glandular tubes, albumen and shell secreting respectively, compose the wall
of the nidamental organ, though the secretion in the shell tubules was not
very profuse.
In Rhinobatus granulatus, another ovo-viviparous Elasmobranch, the
nidamental glands in the mature fish are huge, kidney-shaped, solid bodies
(Text-Fig. 7f), composed of closely packed filamentous tubules. Thus we
find that even in the viviparous Elasmobranchs, the nidamental glands do
occur, and are not wholly functionless. These examples lend sufficient
proof to the fact that even in the viviparous forms the embryos are for sometime covered by a thin shell membrane secreted by the nidamental organ and
which gets ruptured in the uterus itself before the embryos are liberated.
For this purpose the nidamental organs are retained in the viviparous forms
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though they are present in a comparatively reduced condition. In both
oviparous and viviparous forms, in the immature stages, however, the glands
are inconspicuous and hardly distinguishable from the oviduct. They are
represented by a very slight dilation of the walls of the oviduct and it is only
with approaching maturity that these walls become glandular and functional.
Structure of the Egg Case
The egg case of Chiloscyllium is in the form of a long pod, slightly asymmetrical and made up of two lateral halves (Gopala Aiyar and Nalini,
1938). It more or less takes the mould of the caudal pole of nidamental
organ from the level of the third zone. The wall of the capsule is composed
of several layers. Each layer is formed of many tiny filaments lying very close
together. In a transverse section of the shell these filaments give rise to
a beaded appearance.
The egg covered with albumen, as it descends through the lamellated
zone of the shell tubules, gets enveloped by thin streaks of secretion, poured
from between the lamelle. The secretions are formed in the form of granules
in the cytoplasm, then the granules by some means arrange themselves in the
cells in the form of delicate strings and these flow out (Pl. VI, Fig. 4). The
flow is continuous and results in the formation of the layers. Each layer is
made up of as many filaments as there are inter-lamellar spaces, but the
filaments of each layer almost immediately run into each other forming a
complete sheet. The stickiness of the secretions renders the fusion of the
sheets perfectly easy to form the horny egg capsule. The final secretions are
drawn out into the anchoring filaments when the egg is actually passing into
the uterus (Pl. VI, Fig. 5), so that the silky twisted filaments of the ventral edge
as well as the smaller filaments fringing the margin, are all in continuity with
the outermost longitudinal striations of the egg case. These filaments could
be traced, running longitudinally along the surface of the capsule for some
distance, clearly indicating that they are in continuity with the outermost
striations of the capsular wall.
A critical study of the cross-section of the capsular wall shows three
distinct layers (Text-Fig. 5b). In Mallory's triple stain the two outer zones
stain bright red, a characteristic test for keratin, and these zones are composed
of horizontal beaded striations, each striation representing a layer of secretion.
The middle zone stains blue and also consists of beaded striations.
The red zone representing the free surface of the capsule is composed of
two regions, the outermost being the darkest, and separated by a very narrow
streak of clear space from the adjacent layer, which may represent a slight
pause in secretory activity, the two parts being formed at different levels of
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the gland as the egg slips down the lumen. The outermost surface also consists of tiny protuberances. This may represent the cut ends of the outer
longitudinal striation, or may be due to the mould of the caudal oviduct
into which the capsule descends in a soft condition.
Mode of Formation of the Egg Case

There is a good bit of uncertainty about the exact stage at which the
horny case is secreted around the fertilized Elasmobranch egg. Most textbooks just say that the shell is secreted while the egg is passing through
the nidamental organ, or pass over the matter in silence. Of late years
the question seems to have received very little attention and within the last
twenty years, Hobson is probably the only writer who has contributed
something towards this problem.
Gerbe (1872) and Perravex (1884) agree that the albumen and shell
are secreted simultaneously around the egg. Perravex, however, concluded
that although secretion of shell starts before egg reaches the gland, the shell is
actually formed round the egg. In 1890, Beard stated that in skates, it is
almost certain that the lower half of the purse is formed before the egg arrives
at the oviducal gland. He also suggested that the closure of the purse is
effected only after the arrival of the egg, which is in accordance with Hobson's
view. Borcea (1904) believes that normally the ovum incites the secretion
of the oviducal gland and adds that other stimuli may have the same effect.
He did not apparently come across specimens directly confirming his view
although he cited the occurrence of fully formed egg cases containing only
albumen without the egg, as a proof that the egg is not the only stimulus
which can cause secretion of shell. Sedgwick (1905) is of opinion " that the
shell is formed round the ovum, and its albumen in the lower dilated part of
the oviduct, but the material of which it is composed is secreted by the
oviducal or nidamental gland ". Widakowich (1906) gives a detailed account
of the formation of the egg case in Scyllium canicula. He has observed that
often two eggs leave the median ovary, and when they reach the cranial
oviduct they are pushed by the peristalitic contractions of the oviducal walls,
into the nidamental gland, where the secretions are poured over them. The
plasticity of the secretion unites the layers firmly. The anterior and posterior
ends of the shell in Scyllium are continued into filaments. The caudal
processes of the egg case, he recognized as being laid down during the passage
of the egg down the cranial oviduct. The body of the case however, he thought,
was formed during subsequent movement of the egg through the gland. For
the longitudinal striations of the shell on the outside, Widakowich finds it
difficult to give an explanation.
-
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Dean (1906) describes the formation of the egg case in Chimxroid fishes.
The folds and ridges of the oviduct in the posterior region of the capsular
gland (nidamental organ), he says, models the secretion of the gland into the
beginning of the capsule, and the oviduct just below the capsular gland forms
an exact mould for the capsule. As the egg descends the other parts such as
tail sheath and capsular filaments are added on gradually.
Hobson's recent statement of 1930, in his note on the formation of the
egg case in the skate Raia radiata is however, quite different. Out of the
150 or more gravid females he examined, one luckily, according to him had
the egg case in the process of formation. Each oviduct was swollen with a
mature egg devoid of albumen or shell, anterior to the nidamental organ.
Behind the latter, on either side, the oviduct was greatly distended by the
posterior half of the capsule which was already formed. This was, however,
devoid of albumen and was quite empty. The dorsal and ventral walls of
this half-formed egg case were well separated from one another, so that there
was an opening at its anterior end to receive the egg. Thus at least half
and possibly considerably more of the egg case, Hobson states, is formed in
advance, long before the egg comes in contact with the nidamental organ.
This belief of Hobson's, in part formation of the egg capsule is quite contrary
to that of Widakowich. Hobson records a single case only. If the phenomenon were normal it should have been met with most frequently, for he states
he examined several specimens. Further, after the egg cases were fully
formed, there should have been definite traces of a transverse suture between
the two halves, denoting the line of fusion. He does not record any such
suture in the numerous fully formed egg cases seen by him. Another difficulty in Hobson's statement, is how, remembering the highly sticky nature
of the secretions, the dorsal and ventral walls of the half-formed egg case
could remain well separated from one another, even though there was no
egg in between, to keep them apart. The secretion being so very plastic, it is
difficult to conceive how the front ends could remain open. Unless there
was something in between, the two sides would naturally come together
and stick.
Prof. R. Gopala Aiyar has just drawn my attention to Metten's paper
(1939) on the reproduction of the dog fish Scylliorhynus canicula and I have
now re-examined my sections and photographs taken in 1938 when my paper
(Nalini, 1938) was read before the Jubilee Session of the Indian Science
Congress. Spiral clusters (P1. VI, Fig. 4) had been noticed even then but were
considered as commencements of the shell secretion in the form of very slender
spiral threads. It is quite possible that shell filaments and sperms occur in
the lumen inextricably mixed up. The question whether sperms are actually
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present inside the nidamental organ is being thoroughly investigated in
Chiloscyllium griseum.

As regards the formation of the egg case Metten concludes from his
observations that the presence of the ovum inside the nidamental gland is not
necessary for the commencement of the secretions. He further states that
the egg case is partially formed before the arrival of the ovum. Fig. 7 in
Pl. VI shows the egg case in the fully formed condition inside the nidamental
gland of Chiloscyllium griseum. Several gravid females recently obtained
from Calicut showed the same condition. While this fact alone cannot be
adduced as evidence for the statement that in Chiloscyllium griseum the egg
case is not formed in parts, still it is highly suggestive of it, if taken in conjunction with the fact that an examination of the fully formed shell does not give
any indication of the formation of the egg case in parts by the presence of a
suture or line or any difference in consistency between the various parts of
the shell substance.
In the case of Chiloscyllium however, the shape and structure of the egg
capsule being quite different, Hobson's views also are not applicable. There
is not the least indication of an anterior lid here, but the whole capsule is in
the form of a long pod, of entire continuous edges and thickened rims.
Though it is difficult to say at exactly what point the capsule is moulded
I am inclined to agree with Widakowich and Sedgwick that the secretions
are poured over the egg after it- reaches the nidamental organ. Probably the
mode of formation of the egg case varies in the different species of oviparous
Elasmobranchs. Further work is needed before the question can be answered
satisfactorily.
Summary

1. Chiloscyllium griseum is a typically oviparous Indian Elasmobranch.
The nidamental glands which secrete the egg albumen and the egg case are
very prominent and of maximum activity. The lumen of the gland is continuous with that of the cranial and caudal parts of oviduct.
2. The gland consists mainly of three kinds of tubules, viz., albumen,
mucous and shell secreting. They are all simple with circular lumen and
more or less of the same structure. They empty into the lumen of the
nidamental organ at different regions. The albumen glands comprise the
anteriormost or first region of the nidamental organ. Next is the partition
formed of large mucous glands. The shell secreting region forms the major
portion of the organ. This zone is divided into two, consisting of a cranial
and a caudal set of tubules respectively. Small mucous glands slightly
different from the large cranial mucous tubules occur in large numbers in
the caudal half of the nidamental organ.
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3. All the gland tubes irrespective of their function consist of two types
of cells, gland cells and ciliated cells. The former are greater in number and
are secretory in function and possess large peripheral nuclei. The ciliated
cells occur lodged in between gland cells and have slightly elongated central
nuclei surrounded by clear cytoplasm.
4. The method of secretion inside the gland tubes and the laying down
of the albumen and shell layers are dealt with in detail.
5. A brief comparison of the nidamental organs of Chiloscyllium
griseum with those of the oviparous European Scyllium canicula as well as
a few (viviparous) Elasmobranchs of Madras is instituted.
6. Various views in regard to the method of capsule formation are
discussed.
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EXPLANATION OF TEXT-FIGURES
TEXT-FIG. 1. (a) Nidamental gland slit from the dorsal side.
(b) Nidamental gland slit open to show the ventral groove.
2. Median sagittal section of entire gland.
3. Transverse sections of the different gland tubules.
(a) Albumen tubule.
(b) Large mucous tubule.
(c) & (d) Shell tubules.
4. Cranial bands of albumen secreting region showing the outer epithelium consisting of two cell-layers.
5. (a) Shell secreting region, caudal zone.
(b) Transverse section of shell case.
6. Sagittal section of an undeveloped nidamental organ.
7. Nidamental glands of a few other Elasmobranchs.
(a) Scoliodon walbeehmi.
(b) Scoliodon dussumieri.
(c) Scoliodon palassorah.

(d) Young nidamental gland of Rhinobatus granulatus.
(e) The same slit open.
(f) The fully developed gland, a portion of the inside exposed.
(g) The same with inside fully exposed showing the lumen.
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EXPLANATION OF PHOTOGRAPHS
PLATE V

Photograph of reproductive system of Chiloscyllium griseum.
2. Photomicrograph of section passing through partition formed of large mucous
glands between the albumen and cranial shell tubules. x 80.
3. Photomicrograph of section passing through the cranial shell secreting region showing
the lamella; and tufts at the bases of which the shell tubules open into the cavity of
the nidamental organ. x 80.
4. Photomicrograph of section through the non-glandular partition between the cranial
shell secreting and the caudal shell secreting portions. x 80.
5. Photomicrograph of caudal shell tubules. Note the active condition of the tubules,
in one half of the photograph and the resting condition in the other. x 80.
6. Photomicrograph of the active condition of the shell tubules with secretion in the
cell cytoplasm. x 490.

FIG. 1.

PLATE VI

Photomicrograph of the resting condition of the shell tubules with the secretion
actually in the lumen in the form of a black streak. x 400.
2. Photomicrograph of a portion of an undeveloped nidamental gland. x 80.
3. Photomicrograph of a portion of the same to show clearly the structure of the very
young gland tubules. Note fewness of number of the cells and the presence of a
single layer only. x 1800.
4. Photomicrograph of a portion of a cranial shell tubule showing the cells heavily
loaded with granular secretion and the lumen with several delicate shell filaments
just forming. x 1800.
5. Photomicrograph of the caudal shell secreting region at the caudal bands showing
two filaments of secretion flowing out from the lumen of the shell tubules into the
cavity of the nidamental organ. x 80.
6. Photograph of mdamentaI gland of Pristis cuspidatus.
7. Photograph of a fully formed egg case of Chiloscyllium griseum inside the nidamental
gland.
LIST OF ABBREVIATIONS

FIG. 1.

act. cond.
al.s.
al.s.z.
alt.

a.muc.gl.
b.c.
b.v.
C.

cd.b.
cd.ov.
cd.sh.s.z.
B2

Active condition of shell tubules.
Albumen secretions.
Albumen secreting zone.
Albumen secreting tubule.
Anterior mucous glands forming the partition.
Band of connective tissue between cranial and caudal halves
of the nidamental organ.
Blood vessel.
Cilia.
Caudal band.
Caudal oviduct.
Caudal shell secreting zone.
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c1.

..

c.n.

..

cr.b.
cr.ov.
cr.sh.s.z.

c.s.
d.gr.
d.1.
fil.s.
gl.n.
gl.o.
gr.s.

i.s.
I.
l.a.
lu.

m.
n.or.
od.o.

..
..

..

..
..

..

..
..
..
..
..
..
..

..
..

r.

..
..
..
..

r.cond.

..

o.s.
pl.c.

t.
te.
ut.

..
..

..

vas.e.t.

..

v.gr.

..

Cloaca.
.. Nucleus of ciliated cell.
.. Cranial band.
Cranial oviduct.
.. Cranial shell secreting zone.
•.. Clear space in section of shell showing pause in secretory
activity.
Dorsal groove.
.. Dichotomous lamella.
Filamentous secretion in the lumen of shell tubule.
.. Nucleus of gland cell.
.. Gland tubule (shell secreting) emptying into the lumen of
nidamental organ between two tufts.
.. Granular shell secretion in cell cytoplasm.
.. Inner surface of shell (egg capsule).
.. Lumen of gland tubule.
.. Lamella.
Lumen or cavity of nidamental organ.
.. Middle zone of shell.
Nidamental organ.
.. Oviducal opening.
.. Outer surface of shell with protuberances.
.. Plasma cells.
.. Ring of dense black secretions in cranial shell tubule.
Resting condition of shell tubules.
.. Tuft.
Two-layered epithelium at the lumen of nidamental organ.
Uterus.
.. Vascular connective tissue.
Ventral groove.
..

..

..

..

..
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