








to develop into females the following reproductive
season.

The conclusions may be considered only tenta-
tive since they are based on a small number of
experiments which need to be repeated on a larger
and more comprehensive scale. Sex alternation
in oysters offers fascinating possibilities for further
research on this fundamental biological problem.

The spawning reactions of sex-reversed oysters,
as reflected in the type of shell movements and
in the manner of dispersal of sex cells, are in every
respect identical to those of the reactions of true
males and females (fig. 286). In some sex-re-
versed oysters the change from male to female
behavior is however delayed. Examination of
records shows that in several instances females
which were males during the preceding year
spawned at the beginning of the reproductive
season in a male fashion, discharging the eggs
through the cloaca. Full female reaction in-
volving rhythmical contractions of the adductor
muscle was fully developed toward the end of the
spawning season (fig. 287). It can be inferred
from these observations that the mechanism of
female sexual behavior develops at a slower rate
than the morphological changes in the gonads.
There was no retention of female behavior in
oysters which returned to the male phase. The
maje reaction was apparent in them at the be-
ginning of the season.
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Following summer —female
First summer—female

Following summer —male

- A T T T T T T T T T T T T T T

F1cures 286.—Kymograph records of sex-reversed male
(two upper lines) and sex-reversed female (two lower
lines) C. virginica recorded at two consecutive breeding
seasons. Both oysters were 5 years old at the “first”
summer. In both instances eggs were dispersed through
the gills, the sperm through the cloaca. Time interval,
1 minute.
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First summer : Typical male spawning
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Following summer, June 2|: Eggs discharged through cloaca
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I month later,July 20: Typical female reaction

Fraure 287.—Spawning of the sex-reversed male C.
virginica. First line—spawning at the male phase.
Second line—sex of the gonad changed to female;
spawning proceeds in the male faghion. Third line—
typical female spawning. Oyster was 5 years old during
the “first’” summer. Time interval, 1 minute.

In one instance the spawning of an hermaphro-
ditic oyster was recorded (Galtsoff, 1961). Both
eggs and sperm were discharged simultaneously
through the cloaca, and the rhythmical contrac-
tions of the adductor muscle were not fully
developed (fig. 288). A small portion of the gonad
of this oyster is shown in fig. 289. Microscopic
examination of the tissue revealed the presence of
relatively few mature eggs in the follicles occupied
by spermatozoa. Spawning of this oyster ‘was
induced by raising the water temperature. Eggs
removed from the spawning tank were found to
be fertilized and their development traced to
trochophore stage was normal.

LUNAR PERIODICITY

The modern zoologist may disregard the early
popular beliefs and superstitions which endowed
the moon with mysterious effects on human
affairs, on animals, and plants; nevertheless, he is
confronted with several undeniable instances of
lunar periodicity in the reproduction of marine
invertebrates. Probably the most famous and
generally known examples are the swarming and
breeding of the Palolo worm (Hunice viridis Gray)
of the South Pacific at the moon’s last quarter of
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Ficure 288.—Shell movements of a spawning hermaphro-
ditic C. virginica. Temperature 24.5° C. Time interval,
1 minute.
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Ficgure 289.—Section of a small portion of an hermaphro-
ditie gonad of C. virginica. Bouin, hematoxylin-eosin.

October and November; the swarming of the At-
lantic Palolo (Odontosyllis enople Verrill) at
Bermuda and Funice fucata Ehlers, at Tortugas,
Florida (Mayer, 1908); and the breeding habits of
Heteronereis form of Nereis limbata at Woods
Hole (Lillie and Just, 1913). Legendre (1925)
gives an interesting historical account of the
effect of the moon on marine organisms. A
comprehensive review of the instances of lunar
periodicity of breeding among many marine
invertebrates, including several species of pele-
cypods, is given by Korringa (1947).

Evidence of a relationship of breeding of O.
edulis to moon phases was first presented by
Orton (1926), who examined weekly samples of
adult oysters from Fal estuary and found two
important maximums in spawning at the full
moon spring tides in the year 1925. He further
concluded that the population as a whole gave
maximal percentage of spawn (based on presence
of embryos in the oysters) in the weeks after the
July and September full moons. Later observa-
tions by Korringa (1941, 1947) in the commercial
oyster district of Qosterschelde, Holland, con-
firmed the existence of a relationship between
breeding of O. edulis and moon phases. He
found that the full moon exercises the same in-
fluence on the breeding of oysters as does the
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new moon. Korringa based his studies on deter-
minations of the time and abundance of oyster
larvae in plankton and found a marked periodicity
in the maximums of oyster larvae occurring about
10 days after full and new moon. Fluctuations
in water temperatures, according to Korringa’s
view, are apparently of little or no importance in
causing the periodicity in swarming which appears
to be correlated with the spring tides. Unfor-
tunately no experimental evidence is available to
substantiate this inference which is based entirely
on the concurrence of the two phenomena.

Spawning of C. virginica has no relationship to
lunar phases. The existence of such a relation-
ship was postulated by Prytherch (1929), who
stated that Long Island Sound oysters spawn
“at the end of full moon tidal period, or eight
days after the time of full moon,” but the correla-
tion could not be corroborated by careful studies
of Loosanoff and Nomejko (1951a), who continued
the observations in Long Island Sound over a
period of 13 years after the termination of
Prytherch’s work. Negative results were also
reported by Hopkins (1931) in Galveston Bay,
Tex., and by R. O. Smith in South Carolina waters
(unpublished reports on file in the Bureau of
Commercial Fisheries).

BIOLOGICAL SIGNIFICANCE OF
SPAWNING REACTION

The most outstanding single factor in oyster
reproduction is the difference in spawning behav-
ior of the two sexes. The males are more respon-
sive to sexual stimulation than the females and
are easily stimulated to spawn by rising tempera-
tures and by a great variety of organic sybstances,
some of them not found in natural sea water.
The spawning response of the male is nonspecific.

The less responsive, sexually mature females
require stronger stimuli and are highly specific
to chemical stimulation; they respond only to
suspensions of sperm of the same or related
species and are indifferent to the sperm of other
bivalves and various chemical substances tested.
The specificity of females is an insurance that
eggs cannot be discharged when there is no sperm
in the water.

Males are usually the first to initiate spawning;
the discharge of sperm by even one individual
induces spawning by those next to it, and the
process spreads over the entire oyster community.
This sequence has been observed among oysters
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Ficure 290.—Spawn of C. gigas carried down by the tidal river near Vancouver, British Columbia.

Quayle.

kept on floats and among specimens living under
natural conditions on oysters beds near low tide
level. The spawning of an entire oyster popula-
tion can be artificially initiated by mincing the
meats of several sexually mature oysters and
spreading them into the waters of the oyster bed.
This method, based on my laboratory experiments,
has been applied on a commercial scale by oyster
growers in British Columbia (Elsey, 1936).

Simultaneous spawning of oyster populations is
essential for the production of a large brood of
oyster larvae and for obtaining setting of com-
mercial value. In the estuaries where the ma-
jority of oyster beds are located, the tides carry
the released spawn for some distance before the
eggs sink to the bottom. A transport of oyster
spawn by a strong current can be seen in the
photograph (fig. 290) taken by Quayle near Van-
couver, British Columbia, and kindly given to me
for reproduction. The white streak in the fore-
ground of the clear river water was formed by
billions of eggs and sperm discharged by a popula-
tion of C. gigas several miles up river.

The method of discharging sperm and eggs is
also of considerable significance. Spermatozoa
carried away by the respiratory current remain in
suspension for several hours. When eggs are dis-
charged in the same manner by some sex-reversed
oysters, they rapidly sink to the bottom only a
few inches away from the female. Laboratory
observations indicate that under such conditions
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Black and white enlargement of Kodachrome slide.

only a very small percent of them are fertilized
or have even a slim chance of developing. On the
other hand, eggs discharged in the usual manner
through the gills and forcibly ejected from the
mantle cavity, have a much better chance to be
fertilized and survive. Furthermore, because of
the specificity of female response to sperm, eggs
are ejected only when the water contains free
spermatozoa of the same species. The female
spawning reaction is an adaptation of an oviparous
organism to the conditions of its existence and
assures the survival of the species.
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