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ABSTRACT

The development of the gonads in Ecleinascidia thurstoni Herdman (Family : Perphoridae
is described. The gonads at 2mm stage of the blastozooid are seen to arise separately from
their own ‘“fundament”. This is in agreement with Simkins’ (1925) study on E. turbinata. The
development of follicle cells is also studied. It appears that the ‘primary follicle’ is differentiated
at a very early stage even when the ooctyte is still a part of the germinal epithelium. The
‘primary follicle’ which is in the nature of a “synecytium’ shows both flat and round nuclei.
It is from the flat nuclei that the outer follicle cells are derived while the round nuclei give
rise to the inner follicle cells. The ‘“Test cells’ arise by mitotic divisions of the inner follicular
epithelium. This study is in agreement with that of Tucker (1942) on Styela.

INTRODUCTION

So far as the author is aware, only two accounts of the germ cells of Ectein-
ascidia (fam : Perophoridae) exist, i.e. Lefévre (1897) and Simkins (1925). They
seem to disagree in respect of the origin of the gonads. Lefévre derives the testis
and the ovary from a common vesicle. This common vesicle, according to him,
divides and later separates into two. From each cavity the testis and ovary arise
respectively. Simkins, however, feels that they arise from their own independent
“fundament”.

Regarding the egg envelopes, Hiius (1937) gives a general summary of the
earlier work. Some recent accounts deal with the development and function of
the follicle cells—Spek (1927) in Clavelina, Knaben (1936) in Corells and Tucker
(1942) in Styela. Karlier workers maintained that the ova and follicle cells arose
from an unspecialised germinal epithelium, the inner ‘test cells’ differentiating from
the primary follicles. The primary foflicle then differentiates into an inner and
outer follicular epithelium, the latter remaining continuous with the germinal
epithelium, and not carried over by the ripe egg. The chorion is seen between
the ‘test cells’ and the follicle cells. But Spek and Knaben derive the follicle cells
and chorion from the amoeboid mesenchymal cells which are on the surface of
the ovum. Tucker who investigated with this difference in mind confirms the
earlier view (see Berrill, 1950).

In view of the paucity of information in regard to the egg envelopes in
Ecteinascidia the present study seemed desirable.

MATERIAL AND METHODS
Ecteinascidia thurstoni Herdman was first collected during the premoonsoon

period of June 1956 as part of a preliminary survey of the marine fauna of Gulf
of Kutch (Gideon et al., 1957). Later, in May-June 1958, many animals with

* Present Address: S. R. Venkatasubba Rao. Biology Laboratory, Cancer Institute
(W.1.A)), Gandhinagar, Madras-20.

VOL. 25, B, No. 4.



170 S. R. VENKATASUBBA RAO : STUDIES ON INDIAN TUNICATES. I. THE

embryos in different stages of development were collected. Financial aid for a
collection trip to Okha (Western India) was generously provided by The National
Institute of Sciences of India, which is gratefully acknowledged. The material
was identified by Dr. R. H. Millar of the Marine Laboratory at Millport, Scotland,
through the courtesy of Miss. A. M. Clark of the British Museum (Nat. Hist.,
London, to both of whom the author is highly thankful.

OBSERVATIONS

(1) Compound Gonad

The compound gonad is situated towards the left side of pharynx, above
the stomach. It consists of testis and ovary enclosed in a fine, loose tissue.

Testis : It consists of follicles from which arise the vasa efferentia. The
testis follicies are lined by the testicular epitheliumn, which is continuous with that
of vas efferens. All the vasa efferentia unite mesially, generally towards the right
side of the ovary to give rise to vas deferens. Neither the vasa efferentia nor the
vas deferens is lined inside by cilia. The vas deferens runs along the intestine,
opening into the atrium.

Ovary : The ovary appears as a bunch of grapes, situated centrally, being
surrounded by the testis. It is orange in colour in the living condition. The
fully formed ova are pushed towards one side of the ovary and later are con-
ducted by a fine short oviduct to the right side of the pharynx where they undergo
further development in the brood pouch. Various developmental stages from the
2-cell stage to the larva are obtained in it.

(2) Development of the gonad

Tadpoles about to be released from the adult revealed no indication of any
germ cells. Four different stages of blastozooids were examined viz. 2 mm, 5 mm,
8 mm. and 10 mm. In the 10 mm blastozooid the gonads were clearly seen even
by the unaided eye, whereas in the 5 mm. blastozooid the gonads were barely
visible and in the 2 mm blastozooid the gonad was not visible to the naked eye.
The 2 mm. stage, therefore, formed the starting point for the developmental studies
described in this paper.

Testis :  The testis arises as a group of pockets or clusters towards the left
side of the atrial epithelium independently, in the region between endostyle and
dorsal lamina (Fig. 1a). Each pocket is lined by the germinal epithelium. To
begin with, it encloses a small cavity into which the male germ cells are shed.
In the later stages these small pockets enlarge in size giving rise to the semini-
ferous tubules.

In the mid-region of each pocket is a small duct, the seminiferous duct or vas
efferens (Fig. 1b) running towards the region of the ovary. The hnmg of the duct
in a longitudinal section (Fig. l1c) shows elliptical nuclei, whereas in a cross section
they appear round (Fig. 1d). The cavity of the duct is empty. This should be
expected since the meiotic divisions start much later.

Each follicle is 50 to 60g in thickness. In the beginning there are only a
few spermatogonial cells in the follicle with much empty space. The cells stain
feebly in haematoxylin. A striking feature is that all the cells in all the locules
are in the same stage of development.

‘ For the first time, at the 5 mm. stage, the nuclei begin to show some mitotic
activity in that a few metaphase plates are recognised. Unfortunately, chromosome
counts were not possible at this stage.

At the 8 mm. stage meiotic divisions are seen, a few sperms also. It is at
thls stage of development that Simkins noticed the sperms in E. turbinata. Finally
at the 10 mm. stage the testis follicles grow larger, almost completely surrounding
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the ovary. The testis follicles regress later, when the eggs in the ovary are ready
to be shed.

TexT-FIG. 1

Figs. 1a to 1d.: Development of the testis

Fig. 1a.—Shows the testis arising as groups of pockets towards the left side of the atrial epi-
thelium. There are a few spermatogonial cells derived from the germinal epithe-
lium. 2 mm blastozooid. (X 1200)

Fig. 1b.—Longitudinal section showing the seminiferous duct. 2 mm blastozooid {x 1200)

Fig. le.—Longitudinal section of the seminiferous tubule and duct at a later stage (3 mm blastoi-
zooid). The cavity of the tubule is filled with spermatogonial cells. The nuclei-
lining the sperm duct are elliptical. ( x 1200)

Fig. 1d.—Cross section of the sperm duct. 3 mm blastozooid. ( x 2000)

Ovary : Even at 2 mm. stage, the germainal epithelium is clearly seen (Fig. 2a.)
Within the germinal epithelium the oocytes begin to develop. As the oocytes
grow in size, the older ones are displaced from the germinal epithelium (Fig. 2b).
The oocytes appear to be in the germinal vesicle condition. The earliest oocyte
resembles the spermatogonial cell. But the gradual increase in the volume of
"the oocyte sooner or later betrays its real identity. The fully developed. oocyte
"at this stage shows an outer and an inner follicular epithelia (Fig. 3c). '

In later stages the ooctyes increase in volume and only when the blastozooid
is mature (10 mm.), there is seen the production of yolk in the cytoplasm. A fully
developed oocyte just prior to be shed has an inner follicular epithelium and a
very thin outer follicular epithelium. Internal to the inner follicular layer is seen
the chorion. The ‘test cells’ are seen below the chorion, At this “stage the
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germinal vesicle breaks down. This might mark the stage at which the egg is
shed from the ovary, and is conducted through a thin, membranous oviduct.

TEXT-FIG. 2

Figs. 2a to 2b.: Development of the ovary

Fig. 2a.—The germinal epitheliurn as seen in the 2 mm blastozooid. Developing oocytes are
seen. (X 600)

Fig. 2b.—The fully grown oocytes are being displaced towards one side of the germinal epithe-
lium into the ovarian cavity. 2 mum blastozooid. (x 600).

(3) Development of egg envelopes

It is noticed that the young oocytes are formed in the germinal epithelium
while they are still part of the wall of the ovary (Fig. 2a, 3a). These young oocytes
lack the follicle layers. For sometime the oocytes undergo development and later
they protrude outside from the germinal epithelium, still in connection with the
wall of the ovary. The oocyte is surrounded by a syncytium with flat and round
nuclei (Fig. 3b). This can be regarded as the ‘primary follicle’. It is from the
flat nuclei that the outer follicular epithelium is derived while the inner follicle is
developed from the round nuclei. This structural difference is maintained through-
out. Thus the ‘primary folllicle’ is differentiated at a very early stage as in Styela.
Later the outer follicle layer becomes flat and thin and many a time it may be
lost during the process of section cutting, while the inner follicle layer remains
intact. The follicle cells increase by mitotic divisions (Fig. 3e).

The chorion is a well defined structure in the oocyte of Ecteinascidia. It
appears a8 & thick membrane in stained preparations. It lies towards the inner
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TEXT-FIG. 3

Figs. 3a to 3f.: Development of egg envelopes

Fig. 3a.—Shows the development of the oocytes from the undifferentiated germinal epithelium
as tubular oocytes. (x 1200) .

Fig. 3b.—The oocyte is surrounded by a syncitium, with flat and round nuclei. The syncytium
is still in connection with the germinal epithelium. ( x 2000)

Fig. 3c.—A fully developed oocyte showing both outer and inner follicular epithelia. The
oocyte remains in association with the germinal epithelium through the follicular
stalk. ( x 600)

Fig. 3d.—8hows the origin of the ‘test cell’ from the inner follicle by mitotic division. The
‘test oell’ is situated between the chorion and egg membrane. ( x 4000)

Fig. 3e.—Shows & mitotic figure among the inner follicle cells. (X 4000)

Fig. 3f.—Shows mitotic division in the ‘test cell’, (X 4000)
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aspect of the inner follicular epithelium. The ‘test cells’ lie between the chorion
and the egg membrane, as in the case of Corella (Knaben, 1936) and Styela (Tucker,
1942). .

The ‘test cells’ arise by the mitotic divisions of the inner follicular epithelium
(Fig. 3d). The increase in the number of ‘test cells’ and the inner follicle cells
is by mitotie divisions (Fig. 3e, f).

GENERAL CONSIDERATIONS aAND CONCLUSIONS

This account of the development of the gonad in E. thursioni indicates that
even in such an early stage as 2 mm, blastozooid the testis and ovary arise as
independent entities as seen in E.turbinafa (Simkins, 1925). But it should be
pointed out here, that though the gonads appear independently of each other,
nevertheless, they should at some earlier stage, have arisen from a common primor-
dium. In this idea Lefévre (1897) is probably correct but the manner in which he
assumes the differentiation into testis and ovary, needs a thorough reinvestigation.

There is a short, transparent oviduect as described in other species of pero-
phorid ascidians by Berrill (1932) and Polugh and Jones (1939).

The egg of E.thurstoni resembles other viviparous ascidian eggs in the possession
of a very thin outer layer. The follicle cells are rever vacuolated. These condi-
tions are associated with acquisition and maintenance of the viviparous condition
(see Berrill, 1950).

As regards the origin of the follicle cells and the ‘test cells’ the present study
is in agreement with that of Tucker’s view.
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KEY TO THE LETTERING

at.ep.,—Atrial epithelium; ck.,—Chorion; dev.ocy.,—Developing oocytes; e.m.—XEgg mem-
brane; f.n.,—Flat nuecleus; f.s.,—Follicular stalk; ger.ep.—Germinal epithelium; ¢.fc.,—
Inner follicle cell; n., Nucleus: nu., Nucleolus; o.fc., Outer follicle cell; ov.cav.,—Ovarian
cavity; pr.f.,—Primary follicle; r.n.,—Round nucleus; sm.d.,—Seminiferous -duct; sm.t.—
Seminiferous tubule; sp.c.,—Spermatogonial cells; sy.,—Syncytium; t.c..—Test cell’;
t.o.,—Tubular oocyte;



