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FIGURE 299.-Diagram of successive stages of spermatogenesis in O. lurida. A-two indifferent germ cells on the wall
of the gonad; B-small group of spermatogonia,with reticular chromatin and conspicuous nucleoli; C-small group
of secondary spermatogonia; D-division of secondary spermatogonia to form spermatocytes; E-primary spermato­
cytes with slender chromosomes; F to K-division of primary spermatocytes; L to R-division of secondary spermato­
cyte; S to T-transformation of spermatid into the mature spermatozoon. Redrawn from Coe, 1931, fig. 2.

gametogenesis in the gastropods Helix, Limnaea,
and Patella, identify the protein granules as
"mitochondria" and restrict the term yolk to fatty
inclusions.

The role of the mitochondria in the formation of
yolk has not been fully resolved. According to
Rai (1930), the fatty yolk in the eggs of C. cucullata
is formed directly from the Golgi vesicles as it is
in ascidians, Helix, and other invertebrates;
mitochondria do not participate in the vitellogen­
esis, and albuminous yolk is absent in the egg of
the Indian oyster (C. cucl1llata). This view is in
agreement with the conclusion of Worley (1944),
who found no protein yolk in the eggs of Mytilus
and Ostrea. The question is not settled because
apparently the cytologists have no clear agreement
on the difference between the protein yolk and
mitochondria.

A study of cytoplasmic inclusions was made by
Cleland (1947, 1951), who separated the granules
found in egg cytoplasm of the oyster by differen­
tial centrifugation following homogenization.
Mature eggs were suspended in a solution of
0.2 M potassium cWoride and 0.02 N sodium citrate
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buffered to pH 7.5. Homogenates were obtained
by blending the suspension in an electric blender
surrounded by an ice jacket. By centrifuging
the samples of homogenates at different speeds the
following types of granules were obtained: P gran­
ules or protein yolk; L granules or lipid yolk;
M granules or mitochondria; and S or submicro­
scopic granules. The P granules obtained by
Cleland's technique are spherical and can be
stained by Janus green B in the test tube. In the
living egg these granules are located along the
periphery and absorb Nile blue stain. After
being centrifuged at 5,000 times gravity for 5
minutes they form a thick centrifugal layer with
a sharp upper boundary. Alpha or lipid yolk
granules are also spherical. They occupy the
central part of the living egg. In the centrifuged
egg they form a centripetal layer with a sharp
lower boundary. Alpha granules of phospholipid
and neutral fat can be recovered from the super­
natants of homogenate suspensions. M granules
or mitochondria in the live centrifuged egg form
a thin, rather loose layer above the P granules
and stain both with Janus green B and Nile blue.
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F1GURE 300.-Photornicrograph of eggs in the follicles of the ovary of C. virginica at the beginning of the spawning season.
Ovocytes and small indifferent cells line the wall; mature eggs arc either free or connected to the wall with long
peduncles. Kahle, hematoxylin-eosin.

Cleland states that in the uncentrifuged mature
egg they are unrecognizable. From homo~enat.es

the M granules can be separated by centrifuging
for 10 minutes at 10,000 times gravity. Cyto­
plasm also contains submicroscopic or S granules
(according to Cleland's terminology), which are
separable by applying a centrifugal force of
20,000 times gravity for 30 minutes. These S
granules are probably homologous to mammalian
microsomes, i.e., the submicroscopic ribonucleo­
protein particles wbich are considered to be the
major sites of protein synthesis (a discussion of
this problem is found in Shaver, 1957, and
Novikoff, 1961b).

With the exception of pure lipid granules, the
cytoplasmic components of the egg of C. com­
mercialis show an increasing content of nucleic
acid with decreasing size of granules, the ground
cytoplasm containing the highest concentration
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of nucleic acid. Cleland's observations need to
be corroborated, using the eggs of different species
of oysters.

The formation and composition of yolk in the
eggs of animals other than bivalves have been
studied by many investigators, frequently with
different and sometimes contradictory results.
As Brachet (1944) stated nearly 20 years ago, the
problem cannot be resolved at present. This
uncertainty about yolk and other granules still
persists and probably will continue until the
ultrastructure of the marine egg is thoroughly
explored by electron microscopy.

Examination with the light microscope of ripe,
unfertilized, and unstained eggs of C. virginica
discloses a multitude of tightly packed minute
granules in the cytoplasm which obscure the inner
portion of the egg. The granules appear to be
uniformly distributed around the nucleus (fig.
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FIGURE 30l.-Camera lucida drawing of live unfertilized
egg of C. virginica in sea water. Germinal vesicle not
visible under yolk granules.

301). The eggs are devoid of pigment. Oil
globules of different sizes can be made visible
under high magnification by gently pressing the
egg under a coverslip; by using fat-staining dyes
(Sudan II, III, or Black Sudan B) they become
conspicuous (fig. 303). Under the effect of dye
(dissolved in weak alcohol) the small granules of
lipid yolk, stained dark red or black, gradually
fuse into large globules and penetrate the vitelline
membrane and a slight pressure will force them
through it (fig. 304). The size of the globules
increases during the time that the preparation
remains under the microscope. These artifacts
are due to the fusion of globules under the effect
of dye.

The mitochondria of O. virginica can be stained
by a 0.5 percent solution of Janus green in sea
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water. They appear as small rodlike structures
uniformly distributed in the subcortical layer of
the egg (fig. 305). The origin of fatty or lipid
yolk in O. virginica has not been studied. In
Mytilu8 eggs the lipid of the yolk apparently
arises in an intimate association with the Golgi
apparatus (Worley, 1944). In Lymnaea (Bret­
schneider and Raven, 1954) they are formed in
certain parts of the protoplasm independently of
cell structures visible under the light microscope.

In the eggs of the Bombay oyster, O. c'UCullata,
which are similar to those of O. virginica, the fatty
yolk, according to Rai (1930), is formed directly
from the Golgi vesicles. Mitochondria exist in the
eggs of this species in the form of very minute
granules forming a circumnuclear ring. Later they
grow in size and are more or less uniformly dis­
tributed. This conclusion is in agreement with the
observations of Gatenby and Woodger (1920), who
found that in Helix and Limnaea the Golgi ele­
ments gradually spread throughout the ovocyte
and probably take part in the formation of yolk
bodies. They found no evidence that part of the
mitochondrial constituents of cytoplasm meta­
morphose into yolk.

Oyster eggs placed for 5 minutes in a dilute solu­
tion (1 to 25,000 or 1 to 30,000) of toluidin blue 0
and washed in sea water are colored metachro­
matically. Pasteels and Mulnard (1957) found

FIGURE 302.-Camera lucida drawing of live egg of
C. virginica a few minutes after fertilization.
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FIGURE 303.-0il globules in the unfertilized egg of C.
virginica after staining in Sudan III. Whole mount.
Drawing made from a photomicrograph.

FIGURE 304.-Unfertilized egg of C. virginica stained with
Black Sudan B; slight pressure on a coverslip forces
the oil globules through the vitalline membrane. Drawn
from life.
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that the development of eggs of the Portuguese
oyster, C. angulata, is not affected by toluidin blue
used in such dilute solution for only a short time.
The dye is fixed at the level of the small granules,
which the cytologists designate as alpha granules,
uniformly distributed in the cytoplasm between
the yolk vesicles. Later in the development of a
fertilized egg, new and larger granules, called beta
granules, appear at the time of prophase. Their
higher metachromasy is acquired at the expense
of the alpha granules. Subsequent studies (Mul­
nard, Auclair, and Marsland, 1959) have suggested
that the beta granules are related to the Golgi
complexes of the eggs.

The alpha granules of the unfertilized eggs of C.
angulata can be separated from the yolk vesicles by
centrifuging; they are displaced in the direction of
the centrifugal force (Pasteels and Mulnard, 1957),
while the beta granules at the pronucleus stage of
the fertilized egg are moved in the centripetal
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direction. The alpha and beta particles of Pasteels
and Mulnard probably correspond to the P and L
granules of Cleland. Personal observations show
that in ripe but unfertilized eggs of New England
C. virginica stained with toluidin blue, elements
corresponding to the alpha particles of Pasteels
assume a lavender color while mitochondria and
other smaller granules are bluish. The nucleolus
is also of bluish color. After 10 minutes of centri­
fuging at 4,000 times gravity the yolk granules of
the stained eggs concentrate at the lower (centri­
fugal) pole, while the alpha particles of lavender
hue and slightly bluish mitrochondria are at the
opposite pole (fig. 306).

Metachromatic granules have been described in
the eggs of various bivalves. They were found
in Barnea candida (Pasteels and Mulnard, 1957);
Mactra (Kostanecki, 1904, 1908; Mercenaria
(Venus) mercenaria, Mytilus edulis, and Spisula
solidissima (Worley, 1944; Kelly, 1954, 1956;
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