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for Sullivan's (1948) article, there are no other references to larval
development of this species. Considerable literature, nevertheless,
exists on larvae of Modiolus modiolus and closely-related forms.
These references can be found in the papers of J0rgensen (1946) and
Rees (1950).

Various methods used to stimulate spawning of other bivalves
proved unsuccessful for ribbed mussels. On two occasions, however,
mussels kept in aquaria spawned without artificial stimulation. In
both cases spawning occurred at night and, when the eggs were found
in the morning they were already undergoing segmentation. Thus,
no measurements of recently discharged eggs were made. J 0rgensen

FIG. 30. Larvae of J11odiolus demissus. Note differences in sizes of larvae that originated
from the same group of eggs and were reared in the same vessel. Largest larva in
center is approximately 300 fL long.

(1946) states that the diameter of an egg of a closely related species,
Modiolus modiolus, is about 100 fL.

Larvae developing from eggs released during two normal spawnings
were reared to metamorphosis. At room temperature straight-hinge
stage was reached in about 24 hr. The majority of the larvae at that
time measured from 110 to 115 fL in length and 85 to 90 fL in width.
The smallest normal straight-hinge larva was only 105 fL long.

If kept at a temperature of about 22°C and given good food, such
as I. galbana, many larvae reached a length of 200 fL by the lOth day.
A few, upon reaching this size, developed a prominent" eye" spot and
functional foot. Nevertheless, although completely metamorphosed
juveniles of a size slightly above 220 fL in length were observed in some
cultures, the majority of the larvae did not lose their vela until they



REARING OF BIVALVE MOLLUSKS 89

reached 275 fL, and a few individuals measuring between 295 and 305 fL
in length still retained a functional velum.

While some larvae metamorphosed in about 12 to 14 days after
fertilization, many others in the same cultures were still free-swimming
when the experiment was discontinued after 43 days (Fig. 30). In
one of these cultures, while there were still free-swimming larvae from
250 to 295 fL long, there were also several thousand completely meta­
morphosed juvenile mussels that ranged up to 1 mm in length. Why
so many of the larvae were still in the free-swimming stage, while others
in the same cultures had metamorphosed and showed considerable
post-larval growth, remained unexplained.

According to Sullivan (1948) the smallest straight-hinge larvae of
M. demissus measure approximately 112 X 90 fL. This size quite
closely agrees with our measurements. However, the maximum size
given by Sullivan, 205 X 180 fL, is considerably smaller than that
observed in our cultures, which was about 303 X 260 fL. We also
differ with Sullivan on the color of ribbed mussel larvae because she
states that these larvae are a deep yellow in the early stages, whereas
we found that throughout their development they are brown.

J0rgensen (1946) discussed larvae of closely-related species. In
his references to Modiolus modiolus J0rgensen stated that larvae of this
species have not been identified with certainty in plankton samples
taken in Danish waters. He thinks that this is probably due to the
very close resemblance of this species to veligers of M ytilus edulis. We
disagree with J0rgensen since, in our studies of larvae of these two
species, we found them to be distinctly different in their length­
width measurements. Furthermore, the difference in their general
appearance, especially during later stages of development, is too great
to confuse these two groups of veligers.

Rees (1950) stated that in the smallest veligers of Modiolus and
Mytilus the shape is similar, although in the former the narrow end
is less pointed. Nevertheless, in later stages the shapes of the two
genera become more differentiated. Rees also thought that the small
specimens of the two mussels are distinguished more easily by their
texture than by their shape. He concluded that J0rgensen's drawing
(Fig. 167d) is probably of Modiolus modiolus, instead of Mytilus edulis,
as claimed by J0rgensen. However, examination of the photomicro­
graphs of, presumably, Modiolus modiolus offered by Rees clearly
shows that their shape significantly differs from that of Modiolus
demissus grown in our cultures from known parents. This is especially
true of his larvae, approximately 250 fL in length, which have very
little resemblance to our larvae of the same length.
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E. M ytilus edulis Linne

A study of the literature on lamellibranch larvae shows that
veligers of M. edulis have been described more frequently than those
of other bivalves. Borisjak (1909) was probably the first to describe
these larvae while, more recently, descriptions of presumably the same
veligers were given by J0rgensen (1946), Sullivan (1948), Rees (1950)
and others.

Mussels with apparently morphologically-ripe gonads are found in
our waters in early spring, but under laboratory conditions, using our
method of maturing animals in warm water, ripe mussels can be made
available in January.

Field (1922) reported that rough handling of mussels, such as
shaking them in a dish of sea water, will induce spawning within an hour,
but Costello et al. (1957) found this method unsuccessful. In our case,
during studies conducted for 3 yr, except for brief periods in April
and early May, all efforts usually employed to stimulate bivalves to
spawn failed to work with M. edulis. These included sharp increases
or decreases in temperature, addition of sex products to the water,
keeping mussels in air overnight, placing them in refrigerators for
various periods, increasing or decreasing salinity of the water, and even
applying light electrical shocks. This was true also of mussels that
were conditioned in the laboratory for a considerable time and whose
gonads appeared to be morphologically ripe.

Fortunately, it was noticed by two of our associates, first, W. Arcisz,
and several years later, J. Uzmann, that some ripe female mussels
released large numbers of eggs after their adductor muscles were cut.

These observations suggested a number of experiments on inducing
spawning in mussels. The first attempt consisted of opening a large
number of these mollusks and placing each individual in a separate
vessel. The results were rather gratifying because, in the majority
of cases, the mussels discharged large quantities of normal sex products.
The method worked even on mussels that were not laboratory con­
ditioned. For example, on 26 April 1951, mussels were brought in
from Milford Harbor, where the water temperature was 8°C. The
adductor muscles of twelve females were severed and the mussels
were placed in water at room temperature. The first two females
spawned within 12 hr; four others deposited masses of eggs within
24 hr, and six remaining females released eggs toward the end of the
48-hr period. This experiment was repeated on several occasions
giving virtually the same results.

Eggs released by females with severed muscles were usually dis­
charged in "strings", as occurs in normal spawning. The majority


