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that time their gonads contained some eggs that appeared morpho­
logically ripe and active sperm, the clams would not spawn. Even
after 6 or 8 weeks of conditioning, attempts to spawn these bivalves
often met with failure. In those cases, however, when stimulation was
successful, spawning proceeded normally. Some females were observed
spawning almost continuously for a period of approximately 45 min,
and males that spawned for periods sometimes as long as 2 hr were
common.

When the clams were ripe they usually spawned within an hour
after the temperature was increased to about 25°C. Males continued
to spawn profusely even after being returned to water of only 13°C.
Clams became sluggish at 30°C but, nevertheless, would spawn even

FIG. 40. Larvae of Ensis directus grown from eggs obtained by stripping. Note that
many larvae are abnormal. Largest normal larvae shown are about 125 I-' long.

at this temperature. Spawning activity was definitely accelerated by
the presence of sperm. Both males and females released gametes in a
thin, steady stream from the excurrent siphon.

Several clams spawned at least three times, at weekly intervals.
The greatest number of eggs released by one female in a single spawning
was 12585000. The greatest number of eggs released by one female
in three spawnings was 20535000.

Unprovoked spawning of razor clams kept in conditioning trays
occurred on many occasions. It took place at temperatures ranging
from about 15° to 22°C. It has not been determined what stimulus
induced spawning in those instances. Histological studies showed
that on many occasions gonads were almost completely spent in a
single spawning effort.
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Success of fertilizing eggs stripped from conditioned females de­
pended upon the degree of their ripeness. Early in the season, when
the largest of the eggs were only 66 fk, none were fertilizable. Later,
when the clams were riper, a large percentage of stripped eggs under­
went cleavage but, as is often the case in using eggs obtained in this
manner, most of the larvae were abnormal (Fig. 40). Costello et al.
(1957) also reported that eggs of E. directus can be fertilized artificially
and they remain fertilizable for about 5 hr.

The egg of a razor clam is surrounded by a narrow perivitelline
space enclosed in a thin vitelline membrane. Measurements of eggs
discharged in a normal spawning showed that they varied in diameter
from about 64 to 73 fk, the majority being 71 fk, thus indicating that
this is the modal size of normal eggs. Lebour (1938) gave the diameter
of eggs of Ensis siliqua as about 70 fk, which closely resembles measure­
ments of eggs of our species. J0rgensen (1946) gave references to other
workers who studied eggs and larvae of Ensis and related forms.

Eggs and larvae were usually cultured at about 22°C. The smallest
straight-hinge larvae were 80 fk in length, but only two individuals
this small were observed. Even larvae as small as 85 fk in length were
scarce, while those measuring approximately 92 X 78 fk were common.
This size is considerably smaller than the 140 X 120 fk indicated by
Sullivan (1948) as the smallest larvae of this species.

The larvae are light in color and more transparent than those of
M. mercenaria. The umbo appears in larvae only 115 fk in length and
becomes well developed in larvae 135 fk long. Larvae of this size have
definitely passed the straight-hinge stage. The umbo is so pronounced
in larger larvae that it is impossible for them to lie flat. As a result,
considerable variation in the length-width ratio is obtained when
large larvae are measured under a microscope.

Setting of E. directus began soon after some larvae reached a length
of about 210 fk. At 24°C this often occurred only about 10 days after
fertilization. However, some larvae remained swimming until they
reached a much larger size before undergoing metamorphosis. For
example, in one culture fed Ohlarella sp. larvae measuring 250 to 260 fk
in length were still swimming 27 days after fertilization and possessed
both a powerful velum and a well-developed foot. The largest swimming
larva measured 270 fk, while in the same culture many fully meta­
morphosing individuals showing a well-developed foot, gills and
siphons were only 220 fk long.

The appearance of the" eye" was irregular and it was not located
where this structure is usually found in most bivalve larvae. The
smallest individual possessing this structure was only 126 fk long, but
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many other larvae, even those nearing metamorphosis, did not display
it. Sullivan (1948) did not mention the presence of an " eye" in E.
directus larvae and Werner (1939), working with a species that he
called Oultellus pellucidus, a form closely related to Ensis, stated that
its larvae do not possess" eyes". This observation is quite important
because, according to Rees (1950), the description by Werner of
O. pellucidus was really that of Ensis. Our observation that the
" eye"-like structure is sometimes present in larvae of E. directus
and Werner's, that it is always absent in the species that he studied,
may indicate that Rees' assumption is not correct and that the
O. pellucidus of Werner was not an Ensis.

One of the characteristics of larvae of E. directus which may be of
diagnostic value is the presence of a clear area around the edge of the
shell. This area, which does not occur in larvae of other species that
we have studied, is well defined and clearly seen. It appeared in larvae
of about 120 fL long and persisted until they reached a length of 180
to 190 fL. Later this area became less definite and more or less merged
with other parts of the shell. Near setting, however, a purple cast
became apparent along the edge of the larval shell.

In rearing of E. directus the presence of many abnormal larvae
was quite common, not only in cultures that were started from stripped
eggs, but also in those that were grown from normally discharged ones.

In several cultures, usually those where larvae were approaching
setting stage, mortalities on an epizootic scale were recorded. In
several instances practically all of the larvae died within a short period,
usually less than one day. Since this happened before we learned the
devastating effect of larval diseases caused by fungi or bacteria, we
did not establish the cause of death of these larvae but strongly suspect
that these mortalities were principally the result of fungus infestations.

Q. Mactra (= Spisula) solidissima Dillwyn

The clams used in these studies were taken from the sandy beaches
of the south shore of Long Island, New York. They were shipped to
Milford and kept for many months, either in the laboratory or in the
harbor, without any appreciable mortality, although the salinity at
Milford is about 27 ppt, or approximately 8 ppt lower than in the
areas where the clams were dredged. The clams survived equally
well whether they were allowed to dig into sand or were kept in wire
baskets containing no soil. To prevent mortality, however, it was
necessary to expel bubbles of air which were trapped inside the clams
while they were out of water. Clams placed on their Rides cannot expel
these bubbles and, eventually, die.


