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INTRODUCTION.

It is well known that amongst elasmobranchs many species are oviparous, others ovo-
viviparous and still others viviparous. Much work has already been done on the structure
and function of the nidamental glands of European species. It has been found that the
functions of these glands are the laying down of an albumen layer and the secretion of mucus
and shell material. Very recently, in Scyliorhinus canicula, Metten (1939) has attributed to
these the additional function of a receptaculum seminis. The chemical nature of the secretions
of these glands have been worked out by Fauré-Fremiet (1938) and Filhol and Garrault (1938).

With the exception of Chiloscyllium griseum, investigated by Nalini (1940), very little is
known about the nidamental glands of Indian elasmobranchs. In forms like Narcire and
Astrape the glands are completely unrepresented while in other genera there is a great deal of
variation in the degree of their development. A comparative study of the structure and
function of the nidamental glands of the ovo-viviparous and viviparous forms would, therefore,
be of considerable interest.

Throughout this paper I have followed Day (1889) for the enumeration of the different
species with slight modifications.

MATERIAL AND METHODS,

The material for this investigation was collected from the Madras Coast from July 1940
to January 1942, and consists of Rhinobatus granulatus, Rhynchobitus djeddensis,
Pristis cuspiditus, Carcharinus melanopterus, Carcharinus dussumieri, Hemigaleus balfouri,
Scoliodon  palasorrah, Scoliodon walbeehmi, Scoliodon sorrakowak, Narcinel! and Astrape
dipterygia. The relation between the average length of the parent fish and the average size of
the nidamental glands has been given in Table I.

TaBLE I.—Length of Fish and size of the Nidamental Glands.

r r !

! Number of ! . ! Average length | Average width
Specimens .—})}er:g:néegqg}th - of the nidamental [ of the nidamental
Species. ‘ examined in p (mm.) sh gland. : gland.
each species. (inm.) : (mm.)
R. granulatus 2 1,862 ' 35 60
R. djeddensis 2 2,100 30 i 60
P. euspidatus 2 1,750 : 40 ! 60
i (exeluding saw) | |
C'. melanopterus .. . 2 1.925 i 40 i 30
C. dussumieri oo 3 : 893 ! 20 ! 18
H. balfour: . o 11 | 621 [ 9 ' 7
S. palasorrah o 18 s 592 { 14 ! 9
S. walbeehms 2 790 : 24 : 15
8. sorrakowah 22 476 }
i

3 i 3

Different fixatives were used but Bouin’s fluid, Zenker formol, and Zenker acetic gave
the best results. Tests were also carried out for differentiating the various regions of the
glands. Van Gieson after Heidenhain’s iron-haematoxylin stained the spermatozoa very
satisfactorilv. Sections of the cranial oviducts and smears of their contents were examined

for sperms.
Full details regarding the stains used and their reactions on the different regions of the

glands are given in Table V.

RBEINOBATUS GRANULATUS Cuv.2

(a) General.
The nidamental glands of R. granulatus (Text-fig. 1) are well developed though the fish
is ovo-viviparous. When the fish is slit open from the ventral side the nidamental glands

1 Day (1889) recognises only one species in Narcine, i.e., N. timlei. Annandale (1909) has described
another species, N. brunnea. I have collected specimens of both species.
2 Rhinobatis granulatus (Annandale).
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appear as two massive structures, one on each side, attached to the dorsal side by a thin vascular
mesometrium. Both are equally well developed and roughly they have a triangular shape
with the base turned forwards.

Externally three divisions can be made out, viz., an anterior region which is flesh-coloured,
2 dark middle region which is yellowish and band-like, and, lastly, there is a light yellowish

TexT-F16. 1. The nidamental gland of B. granwlatus.

TEXT-FIe. 2. A semi-diagrammatic figure to show the nature of the lumen in a transverse section of the
gland of R. granulatus.

TexT-F16. 3. A sagittal section of the gland of R. granulatus showing the different regions.

TExT-F16. 4. Transverse section of the albumen-secreting tubule in the gland of R. granulatus.

TExT-¥1e. 5. Transverse section of the cranial transverse bands in the gland of R. granulatus showing the
two layered outer epithelium.
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zone. When the gland is slit open all the three zones, the albumen-secreting, the cranial shell-
secreting,! and the caudal shell-secreting are clearly seen. The inner surface of the first zone
is traversed by shallow grooves alternating with ridges. These are the cranial transverse bands.
The second region, viz., the cranial shell-secreting zone, is traversed by definite lamellae,
described in a later section. The third region is also traversed by lamellae which are shorter
and thicker than those of the second region.

The lumen of the gland, in a longitudinal section, is a long antero-posteriorly directed slit
which in a transverse section (Text-fig. 2) has a ~ shape.

(0) Structure of the Nidamental Gland.

Albumen-secreting zone : A median sagittal section of the gland (Text-fig. 3) gives a clear
idea of the general structure and arrangement of the tubules composing it. First of all there is
the albumen-secreting zone, 6 mm., in length, which externally has a flesh colour. It is composed
of tubules which start blindly from the outer wall of the nidamental gland, take a sinuous
course and open into the lumen in the region of the cranial transverse bands. In a longitudinal
section of this region we see that the tubules are cut through different planes because of their
winding courses. Usually a transversely cut tubule (Text-fig. 4) is rounded with a central
lumen. The tubules are formed of two kinds of cells, namely, the secretory or gland cells and
the non-secretory or ciliated cells. Henneguy (1893) describing the albumen-secreting cells
of the nidamental gland of Scyllium canicula remarks that the cells of this region are transparent
and filled with a fine protoplasmic reticulum. It is so in the present species as well. A trans-
verse section of a tubule shows 15-20 such cells, the nuclei are rounded, measure 3:5u4, and are
peripheral in position with darkly staining nucleoli and chromatin granules.

The ciliated cells (Text-fig. 4) have long, fine, well-developed cilia which help in wafting
the secretory products of the gland cells into the main lumen of the nidamental gland. No
secretory product was found in these cells. When the gland cells are in an active state the
ciliated cells get pressed between them and present a slender elongated appearance. There are
about 5-8 such cells with oval nuclei arranged between the gland cells. The nuclei have poor
chromatin contents and are arranged near the lumen of the tubule so that in a transverse section
of the tubule two concentric rings of nuclei are seen, the peripheral being those of the gland
cells and the inner those of the ciliated cells.

The albumen-secreting tubules, as already mentioned, open between the cranial transverse
bands. The latter are the ‘Rudimentary lamellae’ of Metten (1939). They are very low when
compared with the lamellae of the shell-secreting region. In a transverse section (Text-fig. 5)
they are almost as tall as they are broad. They are covered with an epithelium consisting of
two rows of cells, an outer and an inner. The outer cells are ciliated while the inner have their
nuclei placed more internally. When the epithelium sinks in and becomes a tubular gland, the
outer cells retain their ciliated nature while the inner become glandular. It is by the modifi-
cation of the cells of the layer covering the lumen of the nidamental gland that the highly
specialised cells of the gland tubules are formed.

A peculiar phenomenon in the albumen-secreting zone is noticed when sections are stained
with Hoyer’s thionin blue. Instead of a uniform colour, certain portions of the albumen-
secreting region become light purple, which in course of time fades away, while the rest is bluish.
This purple staining shows the probable presence of traces of mucus along with the albumen.
According to Borcéa (1904) the albumen of the Scyllium egg presents more the characters of
mucin than albumen proper. He has also made observations on the nature of the albumen
secreted among other elasmobranchs,

Shell-secreting zone : The cranial and the caudal regions of the shell-secreting region stain
very differently. Unlike in Chiloscyllium grisewm the two above-mentioned zones of K. granulatus
are not separated by any band of parenchymatous connective tissue.

The cranial shell-secreting region is somewhat narrow, measuring only 4 mm. in length,
and is composed of long tubules arranged more or less parallel to one another. Like the albumen-
secreting tubules they start blindly from the outer wall of the gland, travel inwards and towards
the lumen and open between the lamellae. A single tubule in a transverse section (Text-fig. 6)
presents a more or less circular appearance. These tubules are also composed of gland cells

1 The terms cranial shell-secreting zone, caudal shell-secreting zone, cranial transverse bands, and cranial
oviduct have been adopted from Widakowich (1906).



286 R. RAGHU PRASAD: THE STRUCTURE, PHYLOGENETIC SIGNIFICANCE, AND FUNCTION

(15-20) and ciliated cells (5-8). In the active condition the secretory cells are completely
filled with darkly staining granules, the shell material. In such a condition the cells increase
in size, and the cell walls rupture and the boundaries of the cells can be hardly distinguished.
Even the nuclei get obliterated by secretions and could be located only with great difficulty.
Regions whence the secretions have flowed out are not stained as intensely as those loaded with
secretory produects.
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TexT-F16. 6. Transverso section of the shell-secreting tubule of the gland of R. granulatus.

TexT-F16. 7. Transverse section of the lamellae of the anterior region of the shell.secreting zone of the gland
of R. granulatus showing the ‘tufts’ at the bases of which shell-secreting tubules open into the main lumen
of the gland.

TexT-FIG. 8. Transverse section of the lamellae of the posteriormost region of the shell-secreting zone in
the gland of R. granwlatus.

The nuclei of the gland cells are arranged at the periphery of the tubule; they are more
circular and larger than the corresponding nuclei of the albumen glands. They measure 5
whereas the oval nuclei of the ciliated cells measure 7-5u by 3-5u.  The nuclei of the cells forming
the shell-secreting tubules are poorer in their chromatin contents than those of the cells forming
the tubules of the albumen-secreting zone.

Following the cranial shell-secreting region is the caudal zone measuring about 14 mm.
in length forming more or less half of the nidamental gland. The arrangement and structure
of the tubules are the same as those of the cranial zone. The only difference is in the behaviour
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gowards the stains (vide Table V). The tubules of this region have primarily a shell-secreting
unction.

In C. griseum the tubules of the caudal shell-secreting region are narrower than the rest
but no such difference exists in R. granulatus.

Lamellae : The tubules of both the cranial and caudal shell-secreting regions open between
the lamellae which are merely folds of the inner epithelium. Forming an inner core to them
is a fairly thick layer of vascular connective tissue. There are about 84 lamellae, all parallel,
continuous and encircling the lumen. The anterior ones are taller and towards the posterior
region they gradually become shorter and thicker. They are thin at their bases but widen out
towards the free edges. Along with the lamellae, on either side of each lamella, and in
continuation with them at their bases are shorter folds placed more or less obliquely. The
epithelium covering the lamellae as well as these basal folds is continuous as also the connective
tissue which forms their inner core. In transverse section these folds appear as two processes
and are termed ‘zottehen’ by Widakowich (1906) meaning thereby ‘tufts’. Metten (1939) has
termed these ‘oblique plates’. No reference to any such structure has been made by Borcéa
(1904). In a longitudinal section of the nidamental gland the lamellae as well as the short folds
accompanying them are cut transversely. The lamellae in the anterior region (Text-fig. 7)
measure about 350u in height and towards the middle they gradunally decrease in height to
about 300u.  The posteriormost ones are very much shorter (198u) but are thicker (Text-fig. 8).
The gland tubules open between two adjoining folds. The folds probably guard the opening of
the tubules, regulate and help in moulding the secretory products into the proper shape.
Throughout this paper I have used the term ‘tuft’ to mean these folds.

In C. grisewm the lamellae are very tall—the anterior ones are medium sized with flattened
tips, the middle ones are long with curved tips and the posterior ones are shorter, a specialisation
which apparently is in correlation with the total oviparity of the fish. In R. granulatus, how-
ever, the tips of all the lamellae are flat. This probably indicates a fall in efficiency in mani-
pulating the egg-case.

The epithelium lining the lamellae as well as the ‘tufts’ is uniformly ciliated. Cells at
the tip of the lamellae are elongated becoming smaller towards their hases where the cells are
more or less cubical and those on either side are separated only bv a thin core of connective
tissue. The ‘tufts’ are also lined with similar cubical epithelial cells.

The caudal shell-secreting tubules of the glands of C. griseum open between the caudal
transverse bands whereas in R. granulatus the lamellar region extends up to the end of the caudal
shell-secreting zone.

In the remaining species described in this paper, the lamellae are built essentially on this
model and details of their structure are omitted in the description that follows.

RHYNCHOBATUS DJEDDENSLS (Forsk.).!

This species is also ovo-viviparous. The nidamental glands are well developed and
resemble those of R. granmulatus in shape (Text-fig. 9). Externally in the fresh conditiqn,
only two zones can be distinguished, the anterior flesh coloured followed by the posterior
yellow zone. The inner aspect of the nidamental gland also resembles that of R. granulatus.
A longitudinal section of an entire gland (Text-fig. 10) shows three different zones,
viz., the first albumen zone and the two shell-secreting zones. The albumen-secreting zone is
about 6 mm. long and the tubules open between the cranial transverse bands. Of the two
shell-secreting zones the cranial is shorter being only 4 mm. in length the cagdal zone being
11 mm. long. The first few tubules of the cranial shell-secreting zone stain like those of the
caudal region whereas the remaining region takes the stain only to a much less degree. The
lamellae resemble those of R. granulatus in structure and distribution and are about seventy
in number.

PrisTis ouspipaTUs Lath.

This species, commonly known as the ‘Saw-fish’, is another ovo-viviparous form in which
both the nidamental glands are well developed (Text-fig. 11). Externally, only two zones,
an anterior flesh coloured region and a posterior part which is broad, band-like, and yellow are
visible, while a longitudinal section passing through all the regions of the gland (Text-fig. 12)

1 Rhinobatis djeddensis (Forsk.).
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shows three zones as in the previous case, viz., an albumen-secreting zone of 8 mm. in length
with the tubules opening in between the cranial transverse bands, a cranial shell-secreting zone

TexT-¥16. 9. The nidamental gland of R. djeddensis.

TexT-F16. 10. A sagittal section of the nidamental gland of R. djeddensis showing the different regions.
TexT-F1G. 11. The nidamental gland of P. cuspidatus.

TExXT-FI6. 12. A sagittal section of the nidamental gland of P. cuspidatus showing the different regions.

of about 11 mm. in length and a caudal shell-secreting zone of 4 mm. in length with their
secreting tubules opening in between the 67 or so lamellae with which these zones are provided.

CARCHARINUS MELANOPTERUS (Quoy and Gaim.).

This shark together with the forms described hereafter are all viviparous. The nidamental
glands of C. melanopterus are well developed and may therefore be taken as the next in the
series. At the place where the oviducal wall becomes glandular two curved diverticula are given
off one on each side (Text-fig. 13). Externally the nidamental glands have a flesh colour
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throughout. The central lumen, which is continuous with the lumen of the oviduct, gives
off two lateral lumina, one to each diverticulum. A median sagittal section of the nidamental
gland reveals three distinct zones (Text-fig. 14). These are (1) the albumen-secreting zonme,
(2) the cranial shell-secreting zone, and (3) the caudal shell-secreting zone. The albumen-
secreting zone measures about 12 mm, in length and is composed of tubules which present
a more or less circular appearance in transverse section.

Texr.Fia. 13. The nidamental gland of C. melanopterus.

TEXT-F16. 14. A median sagittal section of the gland of C. melanopterus showing the different regions.

TExT-Fic. 15. Transverse section of a shell-secreting tubule of the cranial zone in the gland of C. melanop-
{erus showing the inner ring of dense black secretory granules.

TEexT-F16. 16. Transverse section of a few lamellae in the gland of C. melanopterus.

Texr-Fie. 17. The nidamental gland of O, dussumdiers.
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The cranial shell-secreting tubules, immediately following the albumen glands, form a
comparatively short zone about 2 mm. long having 5 to 8 rows of tubules which stain black
with Heidenhain’s iron-haematoxylin while the rest of the shell-secreting tubules stain dark
grey. These tubules are slightly larger than the other shell-secreting tubules and retain the-
dark colour even when they are counterstained with Van Gieson whereas the others are stained
straw vellow. These tubules in a transverse section have a circular appearance (Text-fig. 15)
with about 20 to 24 gland cells and 7 to 9 ciliated cells. The cytoplasm of the gland cells is
filled with darkly staining granular secretory products towards the lumen of the tubule where
the granules are much more closely packed. The granules at the base of the cells are, however,
poorly stained. Similar tubules have been described by Nalini (1940) in C. griseum where
they are found as the anteriormost tubules of the cranial shell-secreting zone.

The second shell-secreting zone which measures 6 mm. is composed of tubules which stain
less intensively.

Lamellae are arranged as in other forms described in the paper and all the shell-secreting
tubules open between them. There are about 30 lamellae of about 368y in height, all of almost
the same size and shape, but slightly varying towards the anterior and posterior ends. In the
species described ahove the lamellae are thick but here they are slightly thin (Text-fig. 16).
The ‘tufts’ accompanying the lamellae are linear processes as against the short blunt ones in
the other forms already described in this paper.

CARCHARINUS DUSSUMIERI (Mull. and Henle).

The nidamental glands resemble those of C. melanopterus in shape and colour but are
much smaller in size. Text-fig. 17 shows the external appearance of the gland.

A median sagittal section passing through the cranial and caudal portions of the nida-
mental gland (Text-fig. 18) gives a clear idea of its structure. At the place where the oviduct
hecomes glandular, we find the albumen-secreting zone measuring about 2 mm, in length the
tubules of which open in between the cranial transverse bands.

Immediately following the albumen glands is the shell-secreting zone which is short
measuring only 2:5 mm. long and composed of a few tubules opening between lamellas. In
all there are about 14 of them. There is no demarcation into the cranial and caudal shell-
secreting zones.

HEMIGALEUS BALFOURI Day.

The nidamental glands are comparatively small, flesh coloured and consist of a central
portion giving off two short diverticula, one on each side (Text-fig. 19).

An examination of a median sagittal section involving the cranial and caudal parts of the
nidamental gland (Text-fig. 20) shows two different zones, namely, the anterior albumen-secreting
zone and the posterior undivided shell-secreting zone. The anterior region forms the major
portion of the nidamental gland and measures 2-5 mm. in length. The tubules of this region
open between the cranial transverse bands which are about 12 in number.

The shell-secreting region is very much reduced in this form (about 1 mm. in length) being
composed of about half a dozen tubules and without demarcation into the cranial and caudal
zones.

Corresponding to the reduction in the number of tubules there is a similar reduction in
the number of lamellae. There are about six lamellae and a transverse section of these (Text-
fig. 21) reveals that they are short with flat tips measuring 150-5u. The ‘tufts’ as seen from the
figure are fairly long and pointed.

ScorLioDON PALASORRAH (Cuv.).

The nidamental glands in 8. palasorrah (Text-fig. 22) are fairly well developed and have a
peculiar shape.

In the fresh condition they have a uniform flesh colour. The central portion of each
nidamental gland gives off two lateral diverticula which pass up the side of the cranial oviduct
and are twisted. They are free at the distal ends and are held close to the oviduct by means
of a thin membrane. The lumen of each lateral diverticulum in a cross-section (Text-fig. 23)
consists of & deep median fissure into which the lamellae project, and a lateral portion which is
free from lamellae. The curving on each side is in the opposite direction so that where the
diverticula are given off the lumen presents a ~ shape (Photomicro. 1).
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1.& frontal section of the entire nidamental gland (Text-fig. 24) reveals the arrangement of
the dJﬂ'erenif tubules. The major portion of the nidamental gland is composed of shell-secreting
tubules which are less active than in any other form till now described judging from their

contents.

TEXT-FI¢. 18.
TEXT-FI1G. 19.
TEXT-FI1G. 20.
TexT-F16. 21.
TEXT-FIG, 22.
TEXT-FIG. 23.

R0 23

A median sagittal section of the gland of C. dussumieri showing the different zones.

The nidamental gland of H. balfouri.

A median sagittal section of the gland of H. balfour: showing the different zones.

Transverse section of the lamellae in the gland of H. balfour:.

The nidamental gland of S. palasorrah.

Transverse section of a lateral horn of the glend of S. palasorrah showing the lumen and the

openings of the albumen-secreting tubules.

The lamellae encircling the lumen into which these shell-secreting tubules open are of

6

almost equal height and more or less wedge-shaped in transverse section (Text-fig. 25). They
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are thin at their bases but broaden into a flat top. The ‘tufts’ accompanying these are short
with pointed tips. The epithelium covering the ‘tufts’ as well as the lamellae is uniformly
ciliated as in the previous examples.

Text-FIg. 24. A frontal section of the gland of S. palasorrah showing the arrangement of albumen and shell-
socreting tubules. :

TexT-FIG. 25. Transverse section of a few lamellae in the gland of S. palasorrah.

TexT-FI1G. 26. Transverse secticn of an albumen-secreting tubule of the gland of S. palasorrah.

TexT-FiG. 27. The nidamental gland of S. walbeehms.

TexT-¥I1G. 28. A frontal section of the gland of 8. walbeehmti showing the arrangement of albumen and
shell-secreting tubules.

The albumen tubules are restricted to a long, narrow band-like area along the middle of
each lateral horn (Text-fig. 24). These tubules open between transverse bands into the lumen
of the horn as shown in Text-fig. 23. A transverse section of a single tubule of this zone (Text-

6B
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fig. 26) appears more or less oval.  Gland cells and ciliated cells are present but fewer in number.
Nuclei of these cells are oval and are rich in chromatin. The tubules are smaller than the shell-
secreting tubules (Photomicro. 2) or even the albumen-secreting tubules of other forms measuring
as they are 44y in diameter whereas the shell-secreting tubules measure 88u. Such a marked
reduction in size probably indicates the first step in the gradual deterioration of the albumen
glands which ultimately, in some forms, disappear completely.

SCOLIODON WALBEEHMI Bleeker.

The nidamental glands of §. walbeehmi (Text-fig. 27) are like thdse of . palasorrah.
Externally they have a uniform flesh colour. The lateral horns in tHis form are more twisted
than in 8. palasorrah.

An examination of the frontal section of a nidamental gland (Text-fig. 28) shows that this
also is built in a manner exactly similar to that of S. palasorrah. The different zones, the
arrangement, and size of the tubules and their behaviour towards the stains are all the same,

cr-ov.

TexT-v16. 29. The nidamental gland of S. sorrakowah. ]
TeXT-Fic. 30. A median sagittal section of the gland of S. sorrakowah showing the presence of only the shell-

secreting tubules. ]
Texr-ri¢. 31. Transverse section of a few lamellae in the gland of S. sorrakowah.

SCOLIODON SOBRRAKOWAH (Cuv.).

In 8. sorrakowah, where viviparity is highly developed with probably the most advanc_ed
form of yolk-sac placenta, there are two tiny nidamental glands, one (Text-fig. 29) in connection
with each oviduct.

Externally or internally there is no differentiation of zones and the whole gland has a flesh
colour externally.

A median sggittal section passing through the entire gland (Text-fig. 30) shows the absence
of any elaborate arrangement of tubules. Judging from the staining reactions of the tubules
one finds that the tubules are all stained alike, there being no demarcation into elthe.r the albu-
men or the shell-secreting tubules. The few tubules present secrete shell material. They
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open between the lamellae and their histology agrees with the other forms. The secretory
granules which were so abundant in others are so few here with the result that the cells are more
or less clear and unbroken.

There are about 10 to 12 highly reduced lamellae, measurlng only 150y and racquet-shaped
in transverse section (Text-fig. 31). The ‘tufts’ which accompany these lamellae are fairly
thick, and the surface epithelium is uniformly ciliated.

REPRODUCTIVE CHARACTERS—THEIR SIGNIFICANCE IN (CLASSIFICATION.

According to Norman (1936), Selachians are divided into five main sub-classes, viz., Pleurop-
terygii, Acanthodii, Ichthyotomi, Euselachii, and Holocephali. Of these the first three are
extinet. The sub-class Euselachii is split up into two orders—Pleurotremata (the sharks)
where the external gill clefts are on the sides of the head and the eyes have free margins, and
Hypotremata or the rays where the front margin of the pectoral fin is joined to the sides of the
body or head, the gill openings are on the lower side of the head and the upper edges of the
eyes are not free.

Of the three sub-orders of Pleurotremata, viz., Notidanoidea, Galeoidea and Squaloidea
(represented by D, E and F in the tree), Notidanoidea are the most primitive with six or seven
gill clefts, simple vertebral column and one dorsal fin. This group includes two families, Chlamy-
doselachidae and Hexanchidae. The Galeoidea, with five gill clefts, two dorsal fins and one
anal fin, the former not preceded by spines, comprises five families, viz., Odontaspidae, Orec-
tolobidae, Scyliorhinidae, Carcharinidae and Lamnidae. The last sub-order Squaloidea includes
four families and in all the members of this sub-order either the two dorsal fins are each preceded
by a spine or the anal fin is absent. Of the four families mentioned above two (Cochliodontidae
and Hybodontidae) are extinct, the other two are Heterodontidae and Squalidae. The latter
family has given rise to the family Squatinidae. Pristiophoridae are supposed to have been
derived from the extinct form Protospinacidae.

Hypotremata is divided into two orders—Narcobatoidea including only electric rays or
torpedoes (Narcobatidae) and Batoidea. Rhinobatidae and Pristidae have been considered
more primitive families of Batoidea because they retain the elongate form and the muscular
tail of the sharks. The other families of Batoidea include the true skates and rays (Raiidae),
Trygonidae, Myliobatidae and Mobulidae.

The last sub-class Holocephali includes the Chimaeras which are oviparous.

We shall now examine the elasmobranchs on the basis of their reproductive characters.
In this discussion, the structure of the nidamental glands and the nature of the placenta, if
any, alone have been taken into consideration. An attempt to see if the number of ovaries,
whether two or one, can be correlated with the other characters has revealed the fact that the
number could have no significance as it varies indiscriminately in the oviparous and viviparous
forms. At the very outset it may be stated that three distinet grades of reproduction may be
distinguished. There are firstly oviparous forms such as Chiloscyllium, Raia, ete., in which the
nidamental glands are best developed, secondly the ovo-viviparous forms such as Rhinobatus,
Pristis, etc., in which the nidamental glands are moderately developed and lastly viviparous forms
such as Hemigaleus, Scoliodon, ete., in which the nidamental glands are present but are poorly
developed and in which there is a yolk-sac placenta, and forms such as Narcine, Astrape, etc.,
in which there are no nidamental glands and no placenta, other means being employed for the
nutrition of the embryos.

Nidamental glands have been described in many forms but all these descriptions relate
to oviparous species, in which three different major zones have been described. These are the
anterior albumen-secreting zone, the middle, narrow, mucus-secreting zone and the shell-secreting
zone. The last zone itself is differentiated into the cranial and caudal zones with a few tubules
in the caudal zone functioning as mucous glands when necessity arises.

” In the Notidanoidea, Chlamydoselachus is ovo-viviparous, and the nidamental glands of
these have been described by Garman (1885). Regarding the existing families of Squaloidea,
Heterodontidae are oviparous, Squatinidae are mostly viviparous. Squalidae include oviparous
forms like the Greenland shark Somniosus (where it is believed that the nidamental glands are
absent), and viviparous forms like Squalus. Nothing definite is known about Pristiophoridae.
Of the five families comprising Galeoidea nothing is known about the reproductive habits of
Odontaspidae. Orectolobidae constitute a large and varied family including oviparous forms
like Chiloscyllium and Stegostoma and ovo-viviparous forms like Ginglymostoma and viviparous
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forms like Rhineodon. The family Seyliorhinidae includes mostly oviparous forms like Sey-
liorhinus. Carcharinidae and Lamnidae are mostly viviparous and three genera of the family
Carcharinidae have been examined by me.

Of these C. melanopterus has the largest and the best developed nidamental glands., Three
distinct zones can be made out, the albumen-secreting, the cranial, and caudal shell-secreting
zones. The middle mucus-secreting zone which functions as mucous glands are completely
absent here. The cranial shell-secreting zone gets very much reduced here in size, being only
2 mm, in length and shows thereby a gradual reduction in the structure of the nidamental
glands. The nidamental glands of C. dussumieri and H. balfouri show only two regions, an
anterior albumen and a posterior shell-secreting zone. Here the mucous glands have dis-
appeared, the demarcation in the shell-secreting region into the cranial and caudal zones is
also lost. In S. palasorrak and S. walbeehmz, for the first time, signs of reduction in the albumen-
secreting zone are noted, the tubules being restricted in both cases to a narrow row in the
centre of each lateral horn opening into the lumen of the respective horns.

In 8. sorrakowah the nidamental glands themselves are very much reduced in size and
consist only of one region, i.e., the shell-secreting zone (there being no differentiation into the
cranial and caudal zones). The albumen glands which show signs of reduction in 8. palasorrah
and S. walbeehmi have completely disappeared.

Mahadevan (1940) from a study of the placenta of four sharks concludes as follows: ‘I
find that the placenta of C. dussumieri is the most primitive, the placenta of S. sorrakowah
the most advanced and the placenta of 8. palasorrak and S. walbeehmi to be intermediate in
character between that of S. sorrakowah and C. dussumieri” The nidamental glands of these
four species present the significant feature that the degree of development of the nidamental
glands is inversely proportionate to that of the placenta. The nidamental glands are very
much reduced in S. sorrakowah which has the most advanced placenta while well-developed
nidamental glands are found in C. dussumieri with a simple placenta. S. palasorrah and S.
walbeekmi show the intermediate condition both in their placenta and in the structure of their
nidamental glands.

Among the families comprising Galeoidea accounts of the nidamental glands of oviparous
forms belonging to Scyliorhinidae and Orectolobidae alone are available. To my knowledge
there is no previous work on the nidamental glands of any viviparous form belonging to the
sub-order Galeoidea and in the absence of information on the reproductive characters associated
with viviparity it is not possible to say whether the same change in the nidamental glands
met with among the members of the family Carcharinidae are seen in the nidamental glands
of the viviparous forms of other families as well.

Regarding the members of the families in Hypotremata nidamental glands have been
described in Raiidae alone. Narcobatidae are viviparous. Rhinobatidae and Pristidae are
ovo-viviparous and an examination of the nidamental glands of R. granulatus, R. djeddensis
and P. cuspidatus shows that the mucous glands alone are absent and the cranial and caudal
shell-secreting zones are fairly well developed. Trygonidae, Myliob{btidae and Mobulidae are
viviparous. I have examined two genera of Narcobatidae, viz., Narcine and Astrape. ) I.n these
the nidamental glands are absent. To my knowledge there is no record of any viviparous
member of the sub-order Galeoidea without the nidamental glands. It is apparent that the
viviparous Hypotremata are more advanced than the viviparous sharks and a few of them have
advanced further resulting in disappearance of the nidamental glands. o o

The steps in the reduction of the structure of these glands in the ovo-viviparous and vivi-
parous forms may be indicated as follows:—

(1) Disappearance of the mucous glands, between the albumen-secreting and the shell-
secreting zones and also of the comparatively few tubules of the caudal shell-
secreting region which when necessity arises funqtlon as mucous glands, e.g.,
R. granulatus, R. djeddensis, P. cuspidatus (Ovo-viviparous) and C. melanopterus
(Viviparous). - . .

(2) Loss of distinction of the shell-secreting zone into the cramal_al}d caudal regions,
together with the loss of mucous glands, e.g., C. dussumieri and H. balfouri
(Viviparous). .

(3) Reduction in the "albumen-secreting zone, e.g., S. palasorrah and S. walbeehmi
(Viviparous). . )

(4) Complete loss of the albumen and mucus-secreting glands. Very great reduction
in the shell-secreting zone, e.g., 8. sorrakowah (Viviparous).
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(5) Complete disappearance of the nidamental glands, e.g., N. brunnea, N. timlet and
A. dipterygia (Viviparous).

In this change towards viviparity the first step was ovo-viviparity, i.e., retention of the
egg in the egg-case within the uterus until development is complete and the f}ll}y fqrmed young
one emerging by the rupture of the egg-case. Finally there is complete viviparity which in
certain cases is accompanied by the development of a yolk-sac placenta and in others, where
placenta is absent, villi-like trophonemata of the uterus get into the spiracle of the embryo
for the transfer of nutritive material. .

The following is a phylogenetic tree taken from Norman (1936) modified to show the chief
families with the method of reproduction of each family super-imposed. In constructing this
1 have taken only those forms where the mode of reproduction is definitely known.

Kaiidae
Narcobatidae Pristidae
Rhinobalidae

Trygomdae

Myliobatidae
Mobulidae

Pristiophoridae
HYPOTREMATA Heberodontidae
protospz‘ acidae
Hybodontidae
Squalinida —— _
gus ‘ - Seyliorhinidae
gualidae "’F Orectolob: dae Carcharinidae
Cochlrodontdae Lamnidae
Odprt aspidae
Hexanchidae / E
Chlamydoselachidae
b HOLOCEPHALI|
PLEUROTREMATA
ICHTHYOTOMI .
SN EUSELACHN

\\

ACANTHODIi S~
\'\\ \~\ Q"‘}\Q’s
\\\ %0’(\\3
\\\. /
< @ Oviparous.
PLEUROPTERYGII /] Ovo-viviparous.

O Viviparous.
@ Oviparous & Viviparous

Oviparous, Ovo-vivi-
parous & Viviparous.
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It will be seen from the diagram given that Holocephali, Scyliorhinidae, Heterodontidae
and Raiidae are all oviparous with the best developed nidamental glands. Many more of
the remaining families are either ovo-viviparous or viviparous than otherwise. Chlamydose-
lachidae, even though they are primitive, are ovo-viviparous.

The families Scyliorhinidae, Heterodontidae and Raiidae are peculiar in retaining their
oviparous condition while the other members are ovo-viviparous or viviparous with or without
the nidamental glands. Even when these glands are present in the ovo-viviparous and vivi-
parous forms, they are not as well developed as in the oviparous forms and show gradual
regressive changes in their structure. It is interesting to note that of these three oviparous
families Scyliorhinidae are now represented by three genera, Heterodontidae by one genus
or possibly two and Raiidae by three genera. This probably indicates that these are remnants
of an original closely connected series of forms which evolved in the same direction morpho-
logically and have retained the primitive oviparous habits while their closest relatives have
become either ovo-viviparous or viviparous. The family Orectolobidae, which judging from
the morphological features uniting them, seems to be rather a heterogeneous group a fact
which is supported by the members of the family being oviparous, ovo-viviparous or viviparous.

It is not intended here to state that the ovo-viviparous and the viviparous conditions
developed side by side and so to speak in step with the increased specialisation of the external
morphological characters of the various groups, but rather it seems that these specialisations
have been accompanied by a general tendency towards ovo-viviparity and viviparity as the
result of which we seem to have before us today a condition of fair harmony between the external
morphological features and some of the reproductive characters.

NIDAMENTAL GLAND—A RECEPTACULUM SEMINIS.

It has been generally believed that fertilisation takes place in the upper reaches of the
oviduct before the egg gets covered by the impenetrable shell. That fertilisation should take
place before the formation of the shell is essential. Clark (1922) suggests that fertilisation
may take place in the coelom but it seems to be far fetched. Metten (1939) says that ‘Ferti-
lisation in the dogfish is internal and it has always been assumed that spermatozoa passed
upwards through the gland and that fertilisation occurred in the narrow upper region of the
oviduct. This assumption is based on the necessity for fertilisation preceding envelopment
of the ovum by an impenetrable egg-case, and also by the analogy with the condition found
in birds and reptiles where fertilisation certainly precedes shell formation.” He suggests that
‘the possibility that both processes, fertilisation and secretion of the egg-case occur simul-
taneously, does not seem to have been considered, although this actually occurs’, and also
‘that the shell-secretion hardens immediately upon leaving the lamellae and probably only a
few spermatozoa escape whilst the rest become incorporated in the shell and perish’. T am
led to believe that fertilisation occurs in the nidamental glands.

Sections of the cranial oviducts and smears of their contents were examined for sperms
but I failed to find any. But masses of spermatozoa were seen in the nidamental glands.

Purser (1938) states that in the viviparous Cyprinodont fish Lebistis reticulatus one insemi-
nation is sufficient to fertilise a succession of broods. Hartman (1933) has quoted the observa-
tion of Van QOordt who states that Xiphophorus helleri may bring forth seven broods over a
period of ten months after a single mating. Gadow (as quoted by Hartman, 1933) has
observed that Salamandra maculata gives birth to young in May, whereupon a new batch of
eggs are fertilised from sperms stored in July. Nakano (as quoted by Hartman, 1933) has
noted the reservoir of sperms in the uterus of the female bat.

In elasmobranchs the possibility of occurrence of a receptaculum seminis was first suggested
by Lo Bianco (1908-1909) who observed at Naples that the eggs of Raia asterias and R. undulata,
laid in the tanks, were nearly all fertilised. He suggested two alternatives, either simultaneous
fertilisation of ripe ova and retardation of development after fertilisation or the occurrence
of a receptaculum seminis. He laid stress on the possibility of a receptaculum seminis. Sundara
Raj (1914) observed that a specimen of a C. grisewm kept in the Madras aquarium tank laid
fertilised eggs, but did not mention anything about the occurrence of a receptaculum seminis.
Clark (1922) noticed that a female Blonde, R. brachyura, kept alone in the Plymouth aguarium
tank, for a period of 5 to 8 weeks, laid about twenty-five egg-cases, the ova of which were all
fertilised. No males were kept in the same tank so as to avoid all possibility of impregnation
of the females since their transfer to the tank. He rules out the alternative suggestion of a
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simultaneous fertilisation of ripe ova in the ovary as there is nothing to suggest retardation
of development after fertilisation. Even though he could not locate the exact place of storage
of spermatozoa, he suggested that they must be stored somewhere in the upper reaches of the
oviduct. In support of this statement Clark (1922) quoted the observation of Dean (1895)
who records the presence of spermatozoa in the upper reaches of the oviduct of Chimaera.
Metten (1939) for the first time demonstrated the presence of spermatozoa in the nidamental
glands of Scyliorhinus canicula. He examined a series of 20 glands in various phases of secretory
activity taken from 20 different specimens. It covered a range from glands at the very begin-
ning of secretion (in which only the posterior tendrils of the egg-case had been formed) to
glands which had just finished secreting the anterior tendrils of the egg-case. All these con-
tained spermatozoa but the content was very variable. Thus in extreme cases a gland revealed
only one or two spermatozoa, whereas another gland showed the shell-secreting tubules packed
with spermatozoa. Again of the 12 glands in the resting condition, which he examined, 11
contained spermatozoa and he believes that one specimen was adolescent. Here also he noticed
that the sperm content was variable. From his observations he concludes that ‘if accidental
inclusion of a single adolescent fish be allowed, one may generalise and say that the oviducal
glands of all adult female dogfish contain spermatozoa’. He says that there is, however, no
record of spermatozoa in the cranial part of the oviduct.

The only record of the presence of spermatozoa in this region is that of Dean as already
mentioned. Not in every case do sections of even the nidamental glands of mature specimens
show spermatozoa. My conclusions, as based upon an examination of the sections of the
nidamental glands of different genera of elasmobranchs, are as follows :—

Among the viviparous forms I was able to note the presenee of spermatozoa in four forms,
viz., C. dussumieri, H. balfouri, 8. palasorrah, and S. sorrakowah. Of the three specimens of
C. dussumiert examined, one contained embryos measuring 260 mm. and there were no sperms
in the glands. Of the other two, in one the uteri were empty and the ovaries were well
developed, presumably about to ovulate, and the other contained eggs in the uteri and both
the specimens revealed sperms in the nidamental glands.

Eleven specimens of H. balfouri were examined. Sperms were noticed in five specimens.
Out of these five, two contained eggs, two contained embryos of 19 mm. and 35 mm. respectively
and one neither eggs nor embryos. The remaining six specimens contained embryos varying
from 50 mm. to 170 mm. and no sperms. Further details are given in Table 1I.

TABLE TIl.—Hemigaleus balfouri.

Contents of Average Sperm in

Date of capture Length o length of the
3 : Specimens. embryo. nidamental

(mm.) right uterus. left uterus. (mm.) gland.
1-2-41 .. 650 nil 1 embryo 142 —
14-2-41 .. 657 nil | 105 -
11-3-41 .. 650 nil T, 160 —
17-3-41 .. 640 nil 1, 125 —
1.4-41 .. 700 1 embryo 1 5 170 -
20-7-41 .. 720 1, 1, 50 -
7-9-41 .. 800 1, 1 ., 19 +
14-9-41 .. 510@ nil nil .. +
1-10-41 .. 730 1 embryo 1 embryo 35 +
13-10-41 .. 5170 1 egg 1 egg +
19.1-42 .. 820 3 eggs 2 eggs +

Of the eighteen specimens of S. palasorrah examined in six alone were spermatozoa noted
(vide Table ITI). In all these six specimens eggs were found in the uteri. Six specimens con-
tained embryos of different sizes in the uteri but no sperms in the glands. In the rest neither
eggs nor embryos were present and no sperms. Two of these specimens were immature whereas
the other four had apparently just liberated the brood of embryos judging from the presence
of remnants of the egg-cases in the uteri.
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Length of Contents of lAve;‘ﬁ.gef Sperm in the
Date of capture. specimen, engi nidamental
(mm.) embryo. gland
right uterus. left uterus. (mm.) i ’
31-7-40 613 2 eggs 2 eggs .. 4
29-9-40 663 2 embryos 2 embryos 100 —
7-10-40 .. 593 1 embryo 2 v 82 —
8-10-40 Ve 593 2 embryos 3 ' 185 —
29.10-40 600 2 2 115 -
5-11-40 600 x nil nil .. —
3-12-40 528* nil nil —
7-12-40 530 % nil nil —
7-12-40 420* nil nil —
9-12-40 600 3 eggs 1 egg .. +
24-1-41 610 2 embryos 1 embryo 160 -
3.2.41 630 2, 2, 230 —
10-2-41 620 x nil nil .. —
13-2-41 665 x nil nil —
26-4-41 633 1 egg 2 eggs +
15.7-41 588 2 eggs 1 egg +
4-8-41 593 2 1, +
15-12-41 575 1 egg 1, +

Twenty-two specimens of 8. sorrakowah were examined and out of these spermatozoa were

seen in thirteen (vide Table IV).
varying sizes from 4 mm. to 43 mm. and six contained neither eggs nor embryos.

Of these three contained eggs, four contained embryos of

From the

condition of the uteri of these six specimens it could be seen that these were about to commence
the breeding season. Eight specimens contained embryos varying from 59 mm. to 114 mm.
and one contained neither embryos nor eggs, and in all these nine specimens there were no
sperms in the nidamental glands. Photomicrographs 3 to 6 show sections of tubules of the
glands of C. dussumieri, H. balfouri, S. palasorrah and S. sorrakowah respectively showing the

spermatozoa.

TaBLE IV.—Scoliodon sorrakowah.

Length of Contents of lAv?}?g? Sperm in the
Date of capture. specimen. 211;1gbryg ’ nidamental
(mm.) right uterus. left uterus. (mm.) gland.
18-8-40 507 4 oggs 5 eggs . +
25-8-40 490 3, 3, .. +
16-11-40 456 3 embryos 4 embryos 106 —
16-11-40 450 3 . 4 - 102 -
19-11-40 413 4 4 30 +
24.11.40 570 @ nil nil . +
26-11-40 462 4 embryos 4 embryos 72 -
28.11-40 457 3, 4, 59 —
2.12-40 440 5, 5, 99 -
11-12-40 530 7 . 6 v 60 -
11-12-40 520@ nil nil .. +
16-12.40 445 5 embryos 5 embryos 64 -
20-12-40 455@ nil nil .. +
7-1-41 460 @ nil nil +
7.1-41 406 @ nil nil .. +
13-1-41 485 4 embryos 3 embryos 114 -
15-1.41 490 5 » s 13 +
17-1-41 465 1 embryo nil 43 +
19-1-41 460 @ nil nil .. +
4.3-41 520 7 embryos 3 embryos 4 +
5-3-41 460 % nil nil .. -
17.6.41 520 5 eggs 7 eggs +

+ Sperms present.

— Sperms absent.

X Specimen has just liberated the embryos.
@ In these specimens the onset of breeding period is indicated.

* Specimen is immature.
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A careful examination of Tables II, IIT and IV shows that in all these viviparous forms
spermatozoa are seen only in the nidamental glands of specimens in early pregnancy or of those
about to ovulate. Oviparous forms, such as R. brachyura (Clark, 1922), C. griseum (Sundara
Raj, 1914), have been observed in the aquaria to lay fertilised eggs, ten to fifteen pairs in the
course of five to six weeks and during that period, Clark (1922) says, they have not had any
opportunity of access to the males though Sundara Raj is silent about this. There may be an
interval of even 30 or 40 days between the liberation of the first pair of eggs and the last pair.
All these eggs could not have been liberated from the ovary at the same time and retained in
the uteri to be released at stated intervals. Examination of the ovary of several species and
the fact that uteri are too small to contain so many huge eggs preclude this possibility. There
is also the fact that when eggs are liberated they are of the same stage of initial development.
Therefore it follows that the sperms received during copulation are retained in the nidamental
glands in a healthy viable condition and fertilise the eggs coming down from the ovary as and
when they reach the nidamental glands and that the eggs stay for a short time only in the
uteri. It is doubtful, however, whether the sperms retained in the nidamental glands can
continue in an active condition longer than a single egg laying period. Metten (1939) remarks
that the nidamental glands in §. canicula pass into a resting condition with the spermatozoa.

The viviparous forms stand on a different footing. Examination of the uteri of several
viviparous forms has shown that the embryos, sometimes as many as thirteen or fifteen, deve-
loping in the uteri are practically of the same stage of development, and mature eggs are seldom
noticed in the ovaries when there is a brood of embryos of early stages developing in the uteri.
The period of gestation is known to be very long. It is therefore clear that here also the sperms
received during copulation are retained in the nidamental gland and fertilise the eggs which
are liberated from the ovaries in quick succession. The fact that no spermatozoa were seen in
the nidamental glands of specimens with uteri containing late stages of embryos and torn
remnants of the egg-case is significant as it seems to indicate that the sperms perish soon after
fertilising all the eggs liberated during ovulation,

SUMMARY.

1. The nidamental glands of Rhinobatus granulatus, Rhynchobatus djeddensis, Pristis cuspidatus, Carcha-
rinus melanopterus, Carcharinus dussumieri, Hemigaleus balfouri, Scoliodon palasorrah, Scoliodon walbeehms,
and Scoliodon sorrakowah have been studied. In the oviparous forms the glands consist of three definite
regions, the albumen-secreting, the mucus-secreting and the shell-secreting zones. Various modifications
noted in the structure of the glands as oviparity gives place to viviparity are discussed.

2. All the tubules of the glands consist of two types of cells, the gland cells and the ciliated cells in
between, the cells belonging to the former type being the more numerous.

3. An attempt to correlate some of the reproductive characters with the characters usually used in the
classification of the elasmobranchs has been made.

4. Evidence is brought forward to show that in some of the elasmobranchs studied the nidamental
gland acts as a receptaculum seminis.

5. The staining reactions of the different regions of the nidamental glands after fixation in Zenker are

tabulated.
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ExrravaTiON OF PHOTOMICROGRAPHS, (Plate IX.)

A transverse section of the posterior region of the gland of 8. palasorrah showing the nature of the lumen.

Section of & portion of the lateral horn of the gland of 8. palasorrah showing the band of albumen glands
with shell-secreting tubules on either side.

3-6. Sections of tubules of the glands of C. dussumieri, H. balfouri, S. palasorrah and 8. sorrakowah respec-

tively showing sperms.

[
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al.o. .. Opening of the albumen-secreting tubule into the main lumen of the gland.
al.s.z. .. Albumen-secreting zone.

al.t. .. Albumen-secreting tubules.

a.t. .. Anterior darkly staining tubules of the cranial shell-secreting zone.
b.v. .. Blood-vessel.

c. .. Cilia.

ed.ov. .. Caudal oviduct.

ed.sh.s.z. .. Caudal shell-secreting zone.

el. .. Central lumen of the gland.

c.n. .. Nucleus of the ciliated cell.

cr.b. .. Cranial transverse band.

er.ov. .. Cranial oviduct.

cr.sh.s.z. .. Crenial shell-gecreting zone.

gl.n. .. Nucleus of the gland cell.

gl.o. .. Opening of the glandular tubule (shell-secreting) into the main lumen of the gland.
gl.wa., .. Glandular wall.

gr.s. .. Granular shell-secretion.

1 .. Lumen of the gland tubule.

Ia. .. Lamella.

la.h. .. Lateral horn.

lu.lLh. .. Lumen of the lateral horn.

lu. ..~ shaped lumen of the gland.

lu.o. .. Lumen of the oviduct.

r. .. Ring of dense black secretion.

sh.s.z. .. Shell-secreting zone.

sh.s.t. .. Shell-secreting tubules.

sp. .. Sperms.

t. .. Tuft.

t.e. .. Two layered epithelium.

va.c.t. .. Vascular connective tissue.

y.b. .. Yellowish band-like region.
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