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were conditioned (Fig. 10). These dishes are partly immersed in a
large tray or sink, which is filled with hot water, thus quickly raising the
temperature in the dishes to the desired level (Fig. 11).

In some instances thermostimulation alone is sufficient to induce
spawning. In other cases, however, mollusks need additional stimula­
tion, which consists of adding to the water small quantities of sperm
or egg suspension made from gonadal material of ripe individuals of the
same species. Many forms quickly respond to combined thermal and
chemical stimuli; others, such as the common mussel, Mytilus edulis,
do not usually respond to this method but can, nevertheless, be
induced to spawn by other means, which will be discussed later.

In a special series of experiments we tried to cause artificial discharge
of reproductive elements by injecting weak solutions of Mn40H and
other chemicals into the bodies of bivalves that could not be spawned
by other means. The results were usually not gratifying, except in the
case of M. edulis, when injection was made in its adductor muscle.

At the time of our experiments to induce spawning in ripe bivalves
we were already aware of the success of Japanese workers in inducing
spawning in mussels by giving them a mild electric shock. We repeated
these experiments but, unfortunately, with indifferent results.

In still other species, for example, Modiolus demissus, all our
methods, including those that were successful in the case of Mytilus
edulis, proved to be ineffective in inducing spawning. Therefore, unless
ribbed mussels spawn naturally, thus providing normally fertilized
eggs, no other means, except perhaps stripping, are left for obtaining
their spawn.

Fertilizable eggs of many species, including those of O. virginica
(Brooks, 1880), can be obtained by stripping mature females but,
since many of these forms spawn so readily in response to chemical
and thermal stimulations, it is seldom necessary to resort to this means.
However, when working with other species, especially those that
cannot be spawned by conventional methods,stripping may be the
only way to obtain ripe eggs. It is a simple process and is carried on
as follows: After removing the outer membrane that covers the gonads,
the mollusk is gently rinsed in sea water. This action separates from
the gonad large numbers of eggs without serious injury to them.
Using a series of sieves of proper size mesh the eggs are later freed of
blood cells, pieces of tissue, etc., and then placed in sea water to which
sperm is added. The fertilized eggs can then be placed in culture
vessels.

This approach is possible only for eggs of those forms in which the
germinal vesicle dissolves after stripping. In many species, however,
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including M ercenaria mercenaria and Pitar morrhuana, attempts to
fertilize stripped eggs usually fail because in these eggs the germinal
vesicles remain intact and, as a result, fertilization does not occur.
Under normal conditions the germinal vesicles in eggs of such species
dissolve whjle they are still in the ovaries of the female, just before
they are discharged in the process of spawning. Upon dissolution of
the germinal vesicle the germinal spindle is formed and the discharged
egg is ready for fertilization (Loosanoff, 1953).

Recently, following the suggestion ofMr. David Tranter of Australia,
we used a weak solution of ammonium hydroxide to break the germinal
vesicle of eggs of certain bivalves. By employing this method we
succeeded in raising normal larvae from eggs stripped from M ercenaria
mercenaria, Tapes semidecussata and several other species.

After the eggs were washed from a gonad they were passed through
a coarse, 50-mesh screen to remove debris, large pieces of tissue, etc.
Later, they were washed on a 325-mesh screen which retained the eggs
but let pass the body fluids that might pollute the water in culture
vessels. After that, 3 ml of 0·1 normal solution of ammonium hydrox­
ide were added to every 100 ml of the prepared suspension of eggs in
sea water. After the eggs were in this solution for some time they
were washed again on a 325-mesh screen, being finally ready for
fertilization. A more detailed description of handling fertilized eggs will
be given in the section on methods of cultivation of eggs and larvae.

The length of exposure to the solution of ammonium hydroxide
may vary somewhat from species to species. The following table
shows the ratio between length of exposure and percentage of normally
developing eggs of M. mercenaria:

15 minutes-32%
30 minutes-16%
45 minutes- 9%
60 minutes- 3%
75 minutes- 2%
90 minutes- 0%

Even after 90 minutes of exposure to the solution of ammonium
hydroxide some eggs became fertilized, but their development was
not normal.

The percentage of normal larvae obtained from chemically-treated
eggs was low compared to that of naturally spawned eggs but, never­
theless, it was high enough to permit successful culturing of larvae
of those species in which we were not able to induce spawning. Perhaps
by changing the concentration of ammonium hydroxide, using other



22 VICTOR L. LOOSANOFF AND HARRY C. DAVIS

chemical agents, or by improving the methods of stripping even better
results may be obtained.

Finally, there were several species of bivalves which we could
neither spawn artificially nor collect their normally discharged eggs.
Moreover, eggs stripped from some of these forms could not be fertilized
regardless of various preparatory measures, which included the
chemical treatment described above.

Fecundity of many lamellibranchs, especially those of commercial
importance, has been speculated upon for a long time. Brooks (1880)
estimated that O. virginica could produce between 18750000 and
125000000 eggs. He based his estimate upon volume of material
removed from the ripe female, but stated that this figure should be
reduced by approximately 50% because of other matter that was
measured together with eggs. Churchill (1920) stated that a large
oyster may discharge 60 million eggs, while Galtsoff (1930) estimated
that the number of eggs released in a single spawning may range
between 15 and 115 million. He concluded that the maximum
number of eggs that can be released by a single female during the
entire spawning season is approximately half a billion. Burkenroad
(1947), without offering any experimental observations of his own,
suggested that Galtsoff's estimate was approximately ten times too
high. Belding (1912) estimated that M. mercenaria, 2t in long, produces
an average of 2 million eggs, a figure not substantiated by experimental
studies.

Since reliable information on the fecundity of even the most com­
monly studied pelecypods was unavailable, experiments were under­
taken by Davis and Chanley (1956b) to determine total numbers of
eggs actually produced by individual oysters, O. virginica, and clams,
M. mercenaria, under natural and artificial conditions.

The first series of observations was made on seventy-five oysters,
measuring from 3! to 4t in long, and on the same number of clams
approximately 3 to 4 in long.

The experiments were conducted in the laboratory during the win­
ter, a most convenient period for proper conditioning of both clams
and oysters. Each bivalve was individually numbered and a complete
record was kept of its behavior during the entire experiment. The first
group of oysters composed of twenty-five individuals was spawned at
3-day intervals, the second group at 5-day intervals and the third
at 7-day intervals. In clams, which were also divided into three groups
of twenty-five individuals each, spawning was induced at 3-, 7- and
l4-day intervals. Spawning of these groups of clams and oysters was
continued at the specified intervals for more than 2 months.



REARING OF BIVALVE MOLLUSKS 23

Experiments have shown that, as a rule, an individual oyster or
clam does not discharge all its eggs or sperm in a single spawning, but
will continue to spawn at intervals over extended periods. One female
oyster spawned on sixteen occasions and a clam, eleven times. The
number of spawnings per female oyster ranged from two to sixteen.
The highest number of eggs was produced by an oyster that spawned
nine times, while a female that spawned sixteen times ranked second.
The lowest total number of eggs released by an oyster was by an
individual that was induced to spawn seven times.

No significant difference was observed in the average number of
eggs released during the entire experimental period, whether the oysters
were induced to spawn at 3-, 5- or 7-day intervals, although the
average number of spawnings per female oyster decreased progres­
sively as the intervals between spawnings were increased. It was
also determined that female oysters having larger numbers of eggs
tended to spawn more frequently than did females with smaller
numbers.

The highest number of eggs released by any female clam in a
single spawning was 24·3 million and the total number released by
individual clams during the entire experimental period of about
2 months ranged from 8 million to 39·5 million, with an average of
about 24·6 million.

There was no significant difference in the average number of eggs
released in a season, whether the clams were spawned at 3-, 7- or
14-day intervals. It was also found that correlation between the
number of times a female clam spawned and the number of eggs pro­
duced was not significantly different from zero.

An auxiliary experiment consisted of observations on spawning of
fifty oysters taken from Milford Harbor early in April, brought into
the laboratory and placed in conditioning trays at temperatures of
about 20°C. Three weeks later these oysters were induced to spawn
daily for 5 consecutive days, and seventeen females and twenty-four

. males responded during the first day. Altogether, this group contained
twenty-four females and twenty-six males. Of the twenty-four females,
fourteen spawned on 2 or more consecutive days, eight spawned on
3 or more consecutive days, five spawned on 4 or more consecutive
days, and three females spawned on each of the 5 days of the experiment.
Eight males spawned each day.

The important contribution of this experiment was the clear-cut
demonstration that there is no 2- to 5-day refractory period during
which female oysters cannot be induced to spawn, as maintained by
Galtsoff (1930). On the contrary, the results suggest that upon proper
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stimulation both male and female oysters can spawn any time they
have physiologically-ripe sex cells to discharge.

The final experiment consisted of observations on nine female
oysters developing gonads under normal conditions in Long Island
Sound and induced to spawn at the end of June. 'l'he total number
of eggs discharged by these oysters ranged from 23·2 million to 85·8
million and averaged 54·1 million eggs per female. Thus, both average
number of eggs and maximum number per female of the summer

FIG. 12. Representatives of three groups of oysters of different ages and sizes used
in studies to determine viability of their gametes. Members of oldest group were
estimated to be between 30 and 40 years.

spawning group were about 20 million higher than found in the winter
experiment. Nevertheless, none of these oysters discharged as many
as half a billion eggs, as suggested by Galtsoff (1930). The larger
number of eggs developed by oysters of this group, as compared with
production of eggs by oysters conditioned in the laboratory during
early winter, may be ascribed to larger reserves of glycogen possessed
by oysters developing gonads under natural conditions.

A question that had long been of interest to biologists was, At what
age do oysters and clams produce the best, most viable sexual products~
Until recently, no answer could be given because no reliable methods
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were available to conduct critical experiments on development of eggs
and growth of larvae to setting or post-setting stage. Since develop­
ment of these methods, such studies have become possible and recently
were undertaken at our laboratory.

Three groups of oysters of different ages and sizes were conditioned
for spawning (Fig. 12). The average age of individuals of the oldest
group was estimated to be between 30 and 40 years, some of them being
over 9 in long and over 4 in wide. The intermediate group of oysters
of marketable size was from 5 to 7 years old, while the youngest group
was composed of small oysters approximately 2 years old. These groups
were conditioned and induced to spawn under controlled conditions,
their larvae grown to setting stage, and rates of survival and growth
of larvae from the three size groups compared.

The results showed no significant difference between oysters of
the different age groups in the time needed to develop ripe gonads.
We were somewhat surprised, however, to find that oysters of the oldest
group responded to spawning stimuli more rapidly than individuals
of the two younger groups.

There was also no significant difference in percentage of fertilizable
eggs because almost 100% of the eggs of all three groups became
fertilized. Furthermore, the percentage of fertilized eggs developing
to straight-hinge larval stage showed no consistent variation that could
be ascribed to size or age of parent oysters. Finally, no consistent
difference was found either in the sizes of the early straight-hinge
larvae originating from eggs of different age-group oysters or in
survival and rate of growth of their larvae.

Similar studies on hard shell clams, M. mercenaria, measuring from
37 to 110 mm in length, also showed that there was no significant
difference in viability of spawn produced by clams of different sizes
and ages. Often the differences between the progeny of individuals
of the same size groups were as great as the differences between those
of different ages and sizes. Larvae grown from eggs of clams of all
three sizes were successfully carried to setting stage.

On the basis of the above-described experiments we came to the
conclusion that since there was no significant difference in the quality
of spawn developed by individuals of different ages or sizes, mature
oysters and clams of all age groups may be safely used as spawners.

Of special biological interest was the observation that the sexes
among the oldest oysters were about evenly divided. This discovery
was contrary to the old conception that in the oldest groups females
should decidedly predominate in numbers. We also noticed that many
of the largest and oldest oysters, while kept in the laboratory to be
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conditioned for spawning, formed normal, new shell growth, thus
indicating that even at that age and size the oysters did not lose their
ability to grow (Fig. 12).

IV. CULTIVATION OF EGGS AND LARVAE OF BIVALVES

A. General description of the development
Eggs of bivalves differ in many respects, including their size, color

and specific gravity. They also differ in thickness of the membrane
surrounding them (Costello et al., 1957). In oysters and certain other
forms this membrane is only a few microns thick. In others, however,
such as M. mercenaria, the egg proper measures only 70 to 73 JL, while
the total diameter of the egg and surrounding gelatinous membrane
is about 170 JL. This membrane, in many instances, continues to sur­
round the embryo past blastula stage and, on some occasions, until
late trochophore stage is reached (Loosanoff and Davis, 1950).

We shall describe specific characteristics of the eggs later on,
when discussing each of the species studied. Here, because the descrip­
tion of a typical bivalve egg and its development to straight-hinge
stage or, as it is often called, early veliger has been given on many
occasions, including Brooks (1880), MacBride (1914) and others, we shall
present only a general picture of changes occurring from the moment
the egg is discharged, or stripped, until it becomes a straight-hinge
larva. This description is based upon observations made on eggs and
early embryos of M actra (= Spisula) solidissima, the surf clam, which is
the largest bivalve of our Atlantic coast. It measures up to 7i in long
and can be found in considerable numbers from Labrador to Cape
Hatteras. Additional information on spawning of these clams and
rearing of their larvae is included in the section dealing with rearing
of larvae of different species.

The diameter of a mature egg of M. solidissima averages 56·5 JL
(Fig. 13a). Costello et al. (1957) give the diameter of the unfertilized
ovum of the same species as ranging between 53 and 56 JL, thus agreeing
with our measurements. According to Cahn (1951), who bases his
conclusions on the work of the Japanese investigators, Kinoshita and
Hirano (1934), whose paper was not available to us for consultation,
the diameter of the egg of a closely related form, Spisula sachalinensis,
is only 50 JL. Another group of Japanese workers (Imai et al., 1953),
studying the same species reports that the diameter of the mature
egg of this clam varies from 70 to 75 JL, thus being considerably larger
than the size given by Cahn. J0rgensen (1946) states that eggs of
Spisula subtruncata of European waters vary in diameter from 50
to 55 JL.
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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

A

•D

B

E

•c

F

H

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

" • • -A B C D E79 x64 90 X 75 101 X 85 119 X 105 135xll8
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153 X 137
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170 X /46
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189x 143

I
206x 184

J
219 X 193

K
233x207
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257x23/

Mactra (Spisula) solidissima

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


