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Early development of the egg of M. solidissima is basically the
same as that of many other bivalves. After dissolution of the germinal
vesicle (Fig. 13b) the size and shape of the egg remain the same. If
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Mactra (Spisula) solidissima
FIG. 13. Development of lflactra (= Spisula) solidissima from unfertilized egg (A) to

straight-hinge larva (H). Diameter of egg is about 56/-" while length of early
straight-hinge larva is about 79 /-'. Detailed description in text.

the fertilized egg is kept in water of about 20°C, the polar body is
formed in about 45 min (Fig. 13c) and the two-cell stage, measuring
about 65 fL along the longest axis, is reached in 90 min (Fig. 13d).
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Development of the egg of a bivalve, as described above, is typical
only of a group in which the germinal vesicle breaks upon discharge
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FIG. 14. Development of Mactra (= Spisula) solidissima from straight.hinge stage (A)
to metamorphosis (L). Measurements of length and width of larvae of different
stages are given in microns.

or upon stripping, thus rendering the egg ready for fertilization.
Eggs of Orassostrea virginica and many other species belong to this
category. In the other group stripped eggs continue to retain their
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germinal vesicles intact and fertilization does not occur. However, as
already mentioned, eggs of such species can be chemically treated
and thereby become ready for fertilization.

As cleavage progresses and more micromeres are formed (Fig. 13e),
the embryo gradually develops into a swimming, ciliated larva which
eventually reaches trochophore stage (Fig. 131). Under favorable
conditions this stage may be reached in 12 to 16 hr, depending upon
the original condition of the eggs, culturing methods and, of course,
water temperature.

During late trochophore stage (Fig. 13g) the cell gland begins to
secrete the shell. When the shell completely encloses the soft parts
the larva has reached early straight-hinge stage (Fig. 13h).

Development of larvae of M actra solidissima, from early straight­
hinge stage until metamorphosis, and their length-width measure­
ments during this entire period are shown in Fig. 14. Very early,
normal straight-hinge larvae measure only about 79 J1- in length and
usually between 63 and 65 J1- in width. In some cultures, composed
mostly of abnormal individuals, somewhat smaller, slightly deformed
straight-hinge larvae can be seen occasionally, but it is doubtful that
they survive to metamorphosis.

Individual larvae of M. solidissima display considerable variations
as to the size at which certain organs of their bodies begin to develop
and at which metamorphosis occurs. For example, in some individuals
the foot can be seen when they are only about 160 J1- long. Approxi­
mately 80% of the larvae show a well-developed foot by the time
they are 215 J1- long, and at a length of 240 J1- practically all possess
this organ.

Disappearance of the velum is another step in larval development
that is not strictly correlated with a definite size. In some larvae
measuring only 219 J1- in length the velum was already completely
resorbed, while in extreme cases a diminishing, but still functional
velum was seen in larvae about 257 J1- long.

A few larvae begin to metamorphose when they are about 220 J1­

long, but the majority are between 230 and 250 J1- before metamor­
phosis occurs. At this time the velum is resorbed, rudimentary gills
develop, and a powerful ciliated foot, which when expanded is as long
as the young clam itself, serves as the only means of locomotion.
Individuals measuring 262 J1- in length were the largest true larvae
recorded. In this respect our observations are in agreement with those
of Imai et al. (1953), who found that in Mactra sachalinensis the foot
begins to develop at a length of about 200 J1- and that larvae set at
about 270 J1-.
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B. Abnormal eggs and larvae
Abnormal development of eggs and larvae of bivalve mollusks may

be due to anyone of a variety of factors or to a combination of such
factors. It is our practice, however, to discard cultures in which less
than 50% of the eggs develop into normal straight-hinge larvae. This
is done because batches of eggs giving a low percentage of larvae may
be abnormal in some respects, and these abnormalities may lead to
aberrant experimental results and wrong conclusions. We do not
know, as yet, what factors are responsible for poor eggs and feeble
embryos. In some instances abnormal larvae, or failure of eggs to
develop to straight-hinge larval stage, may be the result of incom­
patible genetic combinations. Our experience indicates, however,
that such combinations are comparatively rare.

Some abnormalities of larvae may be ascribed, no doubt, to the
poor physical condition of spawners. Several investigators have
believed that eggs released late in the season were less viable and pro­
duced less vigorous larvae than those from earlier spawnings. Loosanoff
and Davis (1950) were under the impression that the last batches of
eggs discharged by virtually spent females gave feeble larvae that grew
slowly and showed high mortality. Cole (1941) offered evidence that
the brood strength of Ostrea edulis may decline during the course of a
breeding season and he believed that this was due to a depletion of
food reserves in the bodies of parent mollusks. Walne (1956) thinks
that the lack of " vigour" in larvae may result from poor condition
of the parent oyster and believes it possible that the vigour of larvae
may be affected by the quantity of food reserves laid down in the eggs.

More recently, Davis and Chanley (1956b) have shown conclusively
that the last batches of eggs of both clams, M. mercenaria, and oysters,
C. virginica, discharged by virtually spent females were cultured with
no apparent diminution of either percentage of eggs developing into
straight-hinge larvae or rate of growth of these larvae. Accordingly,
we now believe that abnormal or feeble larvae do not occur more
frequently in later spawnings than in other spawnings throughout the
season. As has already been mentioned, our experiments have shown
that there is no correlation between viability of spawn and age of
parents.

There is evidence that bivalves can be induced, by strong chemical
and thermal stimulations, to abort eggs even though they are not
fully ripe (Fig. 15). In some cases such spawnings appear to be quite
normal and a large number of eggs may be released. More often,
however, comparatively few eggs are shed. In the case of C. virginica
immature oyst~r eggs usually develop only to late gastrula or early


