






FIGURE 326.-Formation of sterroblastula in C. virginica
egg; of the four macromeres only two are visible from
the side. Micromeres begin to overgrow the vegetal
pole. Drawn from photomicrograph of live egg.

FIGURE 327.-Advanced sterroblastula stage of C. vir­
ginica. One of the macromeres has divided into two
daughter cells of equal size. Drawn from photomicro­
graph of live egg.
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from the division of one cell lie at an equal distance
from the pole. In this case the letters r for right
and I for left are used. The practice is, however,
not generally followed.

Descriptions of various types of cleavage can be
found in volume 1 of MacBride (1914). The equal
and unequal cleavages in the spirally cleaving eggs
of annelids and molluscs are discussed by Costello
(1955) in chapter 2 of Willier, Weiss, and Ham­
burger (1955).

During division the micromeres of a quartet,
viewed from the animal pole, become slightly dis­
placed because the spindles of the dividing cells
(not shown in fig. 324 or 325) occupy an oblique
position with respect to the egg's axis. At the
following divisions the plane of separation of
daughter cells is oriented approximately at a right
angle to the preceding divisions. The pattern of
such cleavage is called spiral. It gives rise to an
irregular morula (sterroblastula according to Kor­
schelt and Heider, 1895, from the Greek "sterros"
meaning firm) found in annelids (Nereis), in some
bivalves (Ostreidae, Teredo), and in gastropods
(Orepidula, Fu}gur, Nassa) , and others. In all
cases the sterroblastula arises from an unequal
cleavage during which the micromeres overlie the
macromeres, and at each division are slightly dis­
placed to the right (dexiotropic cleavage) or to the
left (laeotropic cleavage). Sometimes, as in the
case of Dreissensia, the second dexiotropic cleavage
is followed by a third dexiotropic cleavage after
which the normal alternating course is established
(Meisenheimer, 1901a). In the case of oyster
eggs, as shown by Fujita (1929) for O. gigas, the
cleavage is laeotropic.

The multicellular stages of a O. virginica egg are
reached in the course of the sixth and ensuing
cleavages (figs. 326 and 327) during which the
micromeres divide much more rapidly than the
macromeres, become progressively smaller and
overgrow the vegetal pole. Approximately at this
stage the sterroblastula of an oyster is formed.

Gastrulation begins with epibolic extension of
the micromeres. At 22° to 24° C. the stage
shown in fig. 328 is reached within 4 to 6 hours.

The cell lineage of O.mrgtnica has not been
studied; the stages of development of eggs of the
species shown in figures 320 to 328 are similar
to those previously described by Brooks (1898);
Horst (I882) for O. edulis; Seno (1929) for O.
denselamellosa; Hori (1933) for O. lurida; Yasugi
(1938) for O. spwosa, and O. gigas. Yasugi
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FIGURE 328.-Early stage of gastrulation in the egg of
C. virginica. Seen at a section of an egg cut along its
axis. Heidenhain, iron-hematoxylin.

found that equal cleavage can be induced arti­
ficially in eggs of the Japanese oyster by cen­
trifuging for 2 minutes at 1,500 r.p.m. and at the
centrifuge radius of 14 cm.

FUJita (1929) gives a brief account of the cell
lineage of the eggs of G. gigas and states that the
mode of cleavage of this species is identical to
that of G. virginica. The main features described
by him are as follows. The first polar body in
the fertilized egg of G. gigas 11ppears 15 minutes
after insemination. At the two-cell stage (fig.
329) the two blastomeres of unequal size, AB and
CD, are separated along the meridional plane.
Their position corresponds to the anterior (Ant.)
and posterior (Pst.) ends of the embryo. The
second division, also meridional, separates the
four blastomeres A, B, C, and D (fig. 329b).

A and B represent the anterior, and C and D
the posterior halves of the embryo, while Band
C form its left and A and D its right halves
(fig. 329b). The ensuing cleavage starts with the
blastomere B and proceeds in laeotropic order to
C, D, and A; the resulting daughter cells, the
micromeres aI, b l, CI, and dl, retain the shape of
the mother cells but are smaller. The macromere
D and micromere dl are respectively the largest.
The four daughter cells al through dl form the

o Microns 20

first quartet of micromeres located between the
macromeres on the dorsal side of the embryo.

The 12-cell stage is initiated by the division of
the macromere D; the ensuing larger cell d2
(fig. 329c) is generally known as the first somato­
blast X. (In the system of nomenclature used
by American and European embryologists (see
p. 346) the ID cell gives rise to 2d and 2D and the
2d is the X cell.).

The cleavage is continued laeotropically, and
the second generations of micromeres ~, b2,
and C2 are smaller than the first macromeres.
They lie on the outside of the macromeres. The
third cleavage of macromeres A, B, and C con­
tinues in laeotropic order and results in the
micromeres aa, ba, and Ca; they are larger than
other micromeres. After the third Cleavage the
macromeres make no further contribution to the
formation of micromeres and in the course of
development become the entoderm. The first
somatoblast (X cell) gives rise to many organs of
ectodermal origin. At the 18-cell stage of the
embryo the position of cell X and its first divisions
mark the beginning of the transition from spiral
to bilateral symmetry (fig. 329d).

The mesoderm begins to form at about the
32-cell stage with the appearance of cell 4d,
the second somatoblast, also designated as cell
M. In bivalves the cell M remains at the surface
for a long time, then divides into the two meso­
dermal teloblasts which sink into blastocoel
(Raven, 1958, p. 117). The formation of meso­
derm in G. gigas has not been followed in detail,
but as a rule the mesoderm bands in bivalves
remain rather rudimentary (Raven, 1958). Fujita
states that the establishment of the three germinal
layers in O. gigas is completed at the 30-cell
stage (fig. 329 e and f).

The gastrula stage is reached in 4 to 6 hours.
The cell lineage of O. gigas is generally comparable
to that described for other bivalves (see: Raven,
1958, p. 70), but for details the reader should
consult Fujita's (I929) original text and his
drawings.

In about 4 to 6 hours after fertilization, an egg
of G. virginica reaches the stage (fig. 330) when
a few large cilia become visible at the vegetal
pole, the oval-shaped body is covered with very
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FIGURE 329.-Several stages of development of the egg of C. gigas. Redrawn from Fujita, 1929. a-Two-cell stage,
Ant.-anterior, Pst.-posterior ends; b-Four-cell stage, formation of blastomeres A, B, C, and D; c-12-cell stage and
the formation of the first somatoblast (cell X), viewed from the animal pole; d-embryo viewed from vegetative
pole after the formation of the mesomere M; e-cleavage of mesomere M and the first somatoblast X, posterior
view optical section; f-advanced stage of development showing the arrangement of the mesomeres M, M, and the
somatoblasts, X, X, Xi, Xi, posterior view optical section. Cleavage nomenclature as given by Fujita.
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FIGURE 330.-Larva of C virginica ready to hatch.
Drawn from photomicrograph of live larva.

fine ciliation, and two polar bodies still remain
attached to the animal pole. The beating of the
cilia is not coordinated at this stage, and the
movements of the larva are irregulai' and spa.s­
modic. A few minutes later a girdle of powerful
cilia is formed, the polar bodies are lost, and the
larva begins to swim upward (fig. 331). In a
finger bowl containing cleaving eggs, the newly
hatched larvae appear as white columns rising from
the layer of fertilized eggs on the bottom of the
container (fig. 332). The larvae can be pipetted
off easily, transferred into larger containers and
provided with suitable food.

The time required to complete the development
of an oyster egg varies, depending on condition
of eggs, temperature, salinity, oxygenation of
water, and other environmental factors. Records
of three sets of observations made in the Woods
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TABLE 37.-0bservations on the time required for artificially
fertilized eggs of C. virginica to reach trochophore stage

All observations were made at Woods Hole in July at room temperatures
var~g from 23° to 25° C. The time required to reach different stages
varIed in different groups of eggs. The observations are arranged in two
groups: A and B, which differ primarily In the duration of time required
to reach rotating blastula and trochophore stages.

STAGES

Hole laboratory at room temperatures varying
from 22..5° to 24.5° C. and salinity of water of
32.2 %0 are given in table 37. To obtain re­
cords of rates of development at different tem­
peratures, several hundred artificially fertilized
eggs were placed in each Syracuse dish filled with
fresh sea water and covered to prevent evaporation.
The debris was removed, and the water contained
no unfertilized or cytolyzed eggs.

BAStage of development

FIGURE 33l.-Larva of C virginica at the time
emergence 6 to 6Y2 hours after fertilization.
from a photomicrograph of a live larva.

o Microns 20

of its
Drawn

Fertilization memhrane 5 min _
First polar body . 40 min _
Second polar hody 1 hr. 10 min _
First cleavage. 1 hr. 12 min _
Second cleavage _
Third cleavage 2 hr. 10 min _
Morula stage _
Rotating blastula 4 hr _
Trochophore_ 5 hr _

10 to 25 min.
25 to 52 min.
40 to 65 min.
45 min.
52 to 120 min.
55 to 195 min.
135 min.
6 hr. 30 min.
8 to 9 hr.

6 Cen t imeters 5

FIGURE 332.-The emergence of larvae of C. virginica from fertilized eggs kept in a finger bowl. The free-swimming
larvae form columns, which tend to disperse at the surface. Drawn from life.
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