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ABSTRACT

Recent development of methods of rearing bivalve larvae under controlled con-
ditions has made it possible to culture the following species: Arca vansversa,
Mytilus edulis, Modiolus demissus, Anowria simplex, Aequipecien iivadians,
Ostrea edulis, Ostrea lurida, Crassostrea vivginica, Crassostvea gigas, Mey-
cenavia (=Venus) mevcenaria, Mevrcenavia (=Venus) campechiensic, Mulinin
laterglis, Tapes semidecussata, Pilay (=Callocardia) morvhuana, Petricola
pholadiformis, Ensis divectus, Mactva &=Spisula) solidissima, Mya arenavia,
Tevedo navilis, Laevicavdium movioni. These forms were grown past meta~
morphosis from eggs or recently released larvae of known parents. A series of
photomicrographs and length~width measurements of larvae, from early straight-
hinge stage to metamorphosis, is given for each species. In addition {o these
criteria, general shapes, prominence of the umbones and other morphological
characters of the larval shells during growth are described. Problems and
difficulties in identification, especially of closely reluted forms, are discussed,
and suggestions for improved methods of identification are offered.
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INTRODUCTION

A student of zooplankton of estuarine
areas is usually impressed with the high
percentage of larvae of bivalve mol-
lusks, as compared to the numbers of
Iarvae of other invertebrates. Exten-
sive data illustrating this preponderance
are given in the work of Thorson (1946)
on reproduction and larval development
of Danish marine bottom invertebrates,
Thorson found that approximately 58%
of the total number of larvae in water
samples during the 3.year period of his
studies were those of lamellibranchs.
These larvae were normally dominant
during the summer and winter maxima,
far outnumbering the larvae of echino-
derms, polychaetes, prosobranchs and
other groups. Similar observations have
been made in many other areas bwt, in
spite of the common occurrence of bi-
valve larvae in estuarine waters, their
taxonomic identity remains uncertain.
it is often impossible {c place a larva
taken in plankton in a definite species,
genus, or even family. ‘

Because of the lack of knowledge of
the larval stages, we camnot become
familiar with the complete life histories
of many pelecypods. Moreover, it is
now generally recognized that identifi-
cation of different bivalve larvae from
natural waters ceases to be a matter of
only academic curiosity. The complexity
of modern society, itstechnological pro-
gress, and the reflection of thisprogress
upon marine and especially estuarine
environments, create many problems in
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which our ability to tell larvae apart
may be l.ipoiant. This is especially
frue in studies of pollution of water
basins with industrial wastes or im-
properly used pesticides. For example,
if we can distinguish larvae of different
species, we can learn, from examination
of plankton samples taken from an area
the degree of pollution of whichisknown,
what larvae can exist under that condi-
tion. Moreover, planiton samples taken
just before and after the use of pesti-
cides in the vicinity of or over certain
bodies of water permit us to determine
accurately the species of larvae that
disappeared after the treatment. Finally,
by collecting water samples at definite
intervals after the applications of pesti-
cides, analyzing them for the presence
of pollutants, and examining and countiog
the larvae of different species, we may
ascertain the cumulative effects of the
chemicals on the various organisms.

Similar opportunities would he open
for the studies, under natural conditions,
of the effects on larvae of changes in
turbidity, drastic reductions in salinifty
and unusually severe physical disturban-
ces of the water during storms and
hurricanes. In the same manner we
should be able to estimate the effects
of biclogical phenomena, such as water
biooms which, by producing heavy cobi-
centrations of external metabolites, may
kill the larvae of some species without
affecting those of the others. In Lorg
1sland Sound we have often observed weil-
defired periods when oyster larvae prac-
tically disappeared during dinoflagellate
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FiG. 1. Diagram of the prominent anatomical features of the larvae of the razor clam, Ensis
divectus, during different stages of development, from the first, shelled, straight-hinge stage
o metarorphosis. a, anus; aa, anterior adductor muscle; af, apical flagellum; bg, byssus
gland; bs, byssal spur used in laying down byssus threads; df, developing foot; f, foot; g, gut;
I, digestive diverticulas; m, mouth; pa, posterior adductor muscle; s, stomach; st, stato-
syvst; v, velum; vr, velum retractor muscles.
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ferentiation of various species takes
place only during their post-larval life,
Regardless of the difficulties mentioned
by MacBride, several workers have given
descriptions of the larvae of one or more
species. The best known contributorsto
this field include Stafford {1912), Kédndler
(1928), Wwells (1927), Lebour (1938),
Miyazaki (1935, 1936), Werner (1938),
Jergensen (1946), Sullivan (1948), Rees
(1950), Quayle (1952), Yoshida {1953,
1964), Imai and his co-workers, whose
contributions will be mentioned later in
thie article, and Loosanoff g Davis
{1950, 1963).

Some of these contributions have added
considerably to our limited ability to
recognize bivalve larvae. Others, how-
ever, were of questionable value because
they were hased, fully or partially, on
specimens whose identity could not be
established definitely. In other words,
the authors used the “indirect method”
of identification, assuming, often with
no basis whatsoever, that a specimen
was the larva of a certain bivalve. The
“indirect method” also congisted, some-
times, of following the development of
unknown larvae, taken in plankton
samples, through various stages of
growth to metamorphosis and ocea-
sionally past if. Even this procedure is
not entirely dependable, however, be-
cause juvenile mollusks of many species
are almost identical and, therefore, can
be easily mistaken for each other,

Examples of errors from the “indirect
method” are not uncommon inthe Htera.
ture on recognition and identification of
bivalve larvae. For example, Stafford
(1912) stated that the larvae of the com-
mon elam of the Atlantic coast, Mev-
cenaria (=Venus) mevcenaria, reached a
size of approximately 456 microns ()
before undergoing metamorphosis. In
our experience of approximately 20 years
of growing larvae of this species suc-
cessfully, as well as in the experiences
of our colleagues engaged in similar
studies (Carriker, 1961), free-swimming
larvae more than 240 » long were ex-
ceptional. As a rule, most of the larvae

of this clam metamorphose before they
reach 220 u. Consequently, the larvae
described by Stafford exceed the maxi.
mum length of our larvae by over 200 g,
Since our larvae were grown from the
eges of known parents, under controlled
conditions, the sizes of our larvae as
compared to those of Stafford, clearly
show that he was not describing the
larvae of M. mercenaric but those of
some other bivalve.

Several investigators have suggested
that the size of lamellibranch larvae at
the time of metamorphosis cannot be
used as a criterion for their recogni-
tion because it may vary greatly with
environmental factors, especially tem-
perature. For example, Nelson (1921}
suggested that the maximum size of the
larvae of the American oyster, Crass-
ostrea vivginica, grown in Canadian wa-
ters should be larger than thoge grown
in southern areas because of the lower
water temperature in the north. If this
were true, as Carriker (1951} pointed
out, cne would find smaller larvae in
Delaware Bay, New Jersey, and even
smaller individuals in the waters of the
Gulf of Mexico. Later, Sullivan (1948)
expressed the opinion that the larvae of
the soft clam, Myq avenqgria, in: Can- 'ian
waters are considerably smailer at Mal-
peque Bay than at St. Andrews, wherethe
temperature of the water is several de-
grees lower. Still morerecently, Tanaka
{1954) came to the conclusion that the
larvae of the Japanese oyster, Crass-
oslvea gigas, metamorphosed at different
sizeg in different localities, Tanaka's
conclusions, however, were diametri-
cally opposed to those of Nelson {1923)
and Sullivan (1948) because he believed
he had found that prodissoconchs of C.
&igas of the northern waters of Japan
were smaller than those of the southern
areas. Consequently, according to Ta-
naka, the size at metamorphosis in-
¢reased with inereasing temperature.

We do not share the point of view ex-
pressed by any of the ahove-mentioned
authors because in our extensive studies
of the larvae of different bivalves, grows

from known parents and unde
conditions, we found no ind
such differences actually exis
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Broved that their sizes at met:
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“Ommunication) work at Boothi
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ur extensive studies
rent bivalves, grown

¢rom known parents andunder controlled
conditions, we found no indication that
guch differences actually exist. Although
ge have grown larvae of Crassostrea
wirginica from parents brought from nu.
werous points on the Atlantic and Gulf
coasts, we have not discovered pro-
gounced differences in their setting
sizes, Normally, variations in maxi-
mum sizes of the larvae from the same
area were greater than those bhetween
jarvae from different areas. Our obger-
vations are supported by Carriker (1951}
who, in studying the distribution of oyster
larvae in New Jersey waters, found that
the largest individuals in his samples
were within the metamorphosing size
range of our larvae originating from
Long Island Sound parents.

In our work with another common
species of the Atlantic coast, Mevcena-
ria meveenaria, we again faijled to de-
fect significant differences in sizes of
metamorphosing larvae whose parents
came from widely separated sections of
the Atlantic coast. Finally, in a series
of experiments on rearing larvae of M.
mercenaria at 5 different but constant
temperatures, ranging from 18.0°-
30.0°C, we {found no significant dif-
ferences with respect to their mean
and maximum sizes at the time of
setting (Loosanoff, 1959). Carriker’s
{1961} observations on the larvae of the
same species in New Jersey waters
proved that their sizes at metamorpho-
sis agree closely with our findings on
larvae of Long Island Sound and Mas-
sachusetts clams.

Furthermore, Stickney’s (personal
communication) work at Boothbay Har-
bor, Maine, with larvae of Mya arenaria,
the parents of which were collected from
Maine to Maryland, indicated that the me-
dian size of the metamorphosing larvae
was between 200 and 235 4, about the
Same as we observed for larvae of the
fame species native to Long Island
Sound. Stickney stated further that he
Never saw larvae of either Maine or
Maryland clams that were smaller than
180 » or larger than 250 u at metamor-
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phosis. Thus, his observations almost
duplicate ours {Loosanoff ¢ Davis, 1863).

The inadequacy of the “indirect me~
thod” is well iilustrated again by Rees
(1950), who stated that: “For example,
the larva of Mytilus edulis hasbeendes-
¢ribed about 10 times. Yet Jorgensen
{1946) undoubtedly described a mixture
of Mytilus edulis and Modiolus modiolus
under the former species, and Lebour
(1938) identified larvae as ‘Mytilus or
relative’.”  According to Rees {1950}
“The apparent uncertainty in the identi-
fication of Mylikus larvae is due to ig-
norance of the extent of inter-specific
differences; are the larvae of Modiolus
barbatus, for example, so like those of
Mytilus edulis, that there is uncertainty
in the identification of Mytilus edulis ?”,
Rees stated openly that: “The surest
method of determining the species of
larvae is by culturing.”

Rees also admitted that he was not
certain all the larvae he described were
truly pelagic and that, since most of the
larval forms discussed in his paper had
been identified by indirect means, some
identification might have been in error,
Ag we will show, Rees was correct in
anticipating these errors, We think that
the uncertainty expressed by Rees would
have disappeared if the larvae of dif-
ferent species had been grown under
laboratory conditions. Had Jdrgensen
(1946) as well as Rees {1950) had avail-
able photomierographs and measure-
ments of the larvae of Mylilus edulis
and Modiolus wmodiolus, which are of-
fered in this article (Figs. 7, 10), those
authors would not have expressed un-
certainty about the similarity of larvae
of the 2 forms,

It would be unfair to criticize earlier
workers for using the “indirect method”
because at the time of the studies the
art of rearing bivalve larvae was only
in its beginning and, as much of the new
information in that field had not been
published, few people were aware of the
simplicity and eificiency of the “direct
method” (Loosanoff & Davis, 1850;
Loosanoff, 1954). Clearly enough, Sulli-
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