











detritus and that ‘“the animate food (i.e., living
microorganisms) never exceeded 10 percent of the
total” (by volume). He also advanced a hypoth-
esis which, however, lacks experimental con-
firmation, that growth of Oxford oysters was due
mainly to the inanimate food (detritus) and that
fattening was caused by diatoms (Nitzschiella
longissima f. parva). He found no evidence of
selection of food by the oysters and commented
that the actively feeding oyster appears to ingest
anything that it can capture.

The extreme view that phytoplankton is of no
direct significance as food of 0. edulis in Danish
water was expressed by Blegvad (1914), who
classified this mollusk as a “pure detritus eater.”
Phytoplankton, according to his view, contributes
to the food only as part of the detritus after the
death of the algae.

Petersen and Jensen (1911) attributed great
importance to eel grass, Zostera, as a possible
source of food for bottom organisms. On the
basis of their observations Spirck (1926) ex-
perimented with O. edulis, which he kept in a
tank with sea water to which he added a liberal
supply of old brown Zostera. Examination of the
stomach contents of these oysters showed many
species of flagellates and some Zostera detritus,
but the quantity of the latter was by no means
greater than in the oysters from the natural
bottoms in the fjord. Decaying Zostera probably
fertilized the water and stimulated the growth of
the plankton. Danish investigators emphasized
the fact that pentosan released from the decaying
Zostera is a principal source of organic food for
bottom invertebrates. The substance is ap-
parently useless to oysters because they are unable
to digest it, as has been shown by Yonge’s experi-
ments (1926a). The question of the extent of
utilization by the oyster of the organic detritus
which is always present in its natural environment
has not yet been settled.

Naked flagellates and infusoria are frequently
found in the contents of the alimentary tract.
Under the influence of gastric fluids these forms
are rapidly destroyed and, therefore, cannot be
enumerated with any degree of certainty. The
same problem applies to the bacteria which reach
the alimentary canal. That they may play a
considerable role in the feeding of lamellibranchs
is indicated by the experiments of ZoBell and
Landon (1937), and ZoBell and Feltham (1938),
with the California mussel, which was fed known
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amounts of red coccus and a spore-forming
bacillus. Within 3 hours the mussel removed
about 200 million bacteria per 1 ml. of water.
The microorganisms were actually ingested and
after 6 hours disappeared from the digestive
tract. In 9 months the mussels which were fed
red coccus gained an average of 12.4 percent, the
bacillus fed animals gained 9.7 percent, and the
fasting mussels, kept as controls, lost about 6.8
percent. These experiments suggest an explana-
tion of the observations by Kincaid (1938) that
oysters kept for several months in water with
nothing to feed on except bacteria appeared to be
normal and even increased their glycogen content.
Kincaid’s ggperiment should, of course, be re-
peated and the question of the role of bacteria
should be adequately studied before a conclusion
can be made of their significance in the feeding of
oysters and other bivalves.

By feeding the oyster known concentrations of
coliform bacteria, Galtsoff and Arcisz (1954)
found that 15 minutes after the start of addition
of the culture the two oysters retained from 21 to
49 percent of FEscherischia coli available in sea
water. The accumulation of bacteria soon reached
the point at which no more microorganisms were
retained and the effluent leaving the oysters
contained more E. coli than the surrounding
water. Retention and elimination of microorgan-
isms are probably associated with the secretion
and discharge of mucus by the gill epithelium.
These results confirm the previous observations
by Galtsoff (1928) that over 50 percent of the
bacteria pass through the gills and that only a
fraction of their total number is retained.

The organisms found in the stomach of the
oyster reflect the composition of plankton and
nannoplankton present in the surrounding water.
Selection is made primarily by the size and shape
of food particles, although the ability of the
oyster to discriminate between two suspensions
of microorganisms of different colors but of the
same size was suggested by Loosanoff’s experi-
ments (1949). A more detailed study should be
made, however, before the discriminating ability
of the oyster is confirmed.

There are several weaknesses common to all the
studies on the feeding of oysters. The conclusions
are based on examinations of the contents of the
stomach and composition of feces without giving
proper consideration to the nutritive value of
different forms and their digestibility. The simple
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test of feeding the oysters inert materials such as
carmine powder, carborundum, clay, pulverized
williamite, and colloidal carbon would show that
these undigestible materials, if fed gradually and
not in excessive quantities, are swallowed and pass
through the digestive tract. The fluorescent
mineral williamite, which I used extensively in my
studies, is particularly suitable for this purpose
because it permits easy detection of the most
minute granules of the mineral] inside the intestinal
tract or in the feces when illuminated by ultra-
violet light, The fact that some of the micro-
organisms found in the stomach are not destroyed
and can be recaptured alive in the feces has been
known for a long time. The dinoflagellate
Prorocentrum micans was seen by Blegvad (1914,
p. 47) to pass unharmed. Living Chlorella and
Nitzschia closterium given to C. virginica in large
quantities can be recovered alive from the feces
and recultured (Loosanoff and Engle, 1947). In
studies of the effect of feeding oysters in the labora-
tory I frequently used a light suspension of
Fleishmann’s yeast, and observed that such a
large number of yeast cells passed undigested that
the feces acquired a milky color. Thus, the
presence of an organism or its remnants in the
alimentary tract in itself is not & proof that it is
being used by the oyster as food and that it has
nutritive value. Neither the enumeration of the
organisms found in the stomach nor the deter-
mination of their volume gives satisfactory quanti-
tative data. It is at present impossible to judge
whether, for instance, one cell of Coscinodiscus
equals or differs in nutritive value from a single
cell of Pleurosigma, Skeletonema, Nitzschia, or
other forms. Information is lacking about the
caloric value and chemical composition of various
forms and, therefore, it is impossible to determine
the number that should satisfy the energy re-
quirements of the oyster. ‘

Through trial and error oyster growers know
that certain grounds in their possession are partic-
ularly suitable either for the growth or for
fattening and conditioning of oysters for market.
Sometimes a great difference in the productive
capacity of grounds may be found in the two
areas located a short distance apart. In an
ecological survey of the bottom it is relatively
easy to detect conditions which are unsuitable for
growth. It is, however, impossible at present to
evaluate the potential productivity on the bottom
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because of the inadequacy of our knowledge of the
nutrition of the oyster.

ARTIFICIAL FEEDING

So far only a few experiments on artificial

feeding reported in the literature were successful
in producing an increase in the weight of the
oysters. As a rule oysters kept in the laboratory
show lack of nutrition and die sooner or later.
Better results may be obtained by keeping them
in large outdoor tanks adequately supplied with
sea water which has not been stored for any
length of time. Experiments by Martin (1927a,
1927b) in feeding oysters with pure cultures of
plankton forms resulted in very poor growth.
Spirck (1926), experimenting with Zostera as a
potential food for the European oyster, emphasized
the fact that oysters ‘“may thrive, increase in
size and even spawn in very small limited water
volumes without any renewal of water worth
mentioning.” Such conditions occur in the Nor-
wegian oyster basins and in the French ‘“parks”
which, however, must contain ‘‘some source
producing nourishment in sufficient quality and
quantity.” This material presumably may derive
from the organic detritus. He also reports
that in his experiments the ‘‘development of
bacteria did not seem in any way to hurt the
oyster, rather the opposite.”
. A unique experiment, unfortunately not well
known to biologists, was made by Gavard (1927,
quoted from Korringa, 1949) in Algiers. He fed
the oysters an artificial detritus prepared from
animal and plant material and obtained an increase
of 15 kg. per 1,000 oysters per season. Korringa
states that these results demonstrate the ability
of the oysters to grow without using living organ-
isms as food. Without access to Gavard’s
original paper it is impossible to judge if the
detritus was directly consumed by the oysters
as food or whether it stimulated the growth of
bacteria and nannoplankton.

Artificial enrichment of sea water by adding
commercial fertilizers at one time seemed to be
a simple answer to the problem of providing in-
creased food supply to the oyster. To test the
idea a series of experiments was conducted in the
Bureau of Commercial Figsheries Biological Labora-
tory at Milford, Conn., which resulted in the
interesting discovery that an excessive concentra-
tion of microorganisms (Chlorella sp., Nitzschia
closterium, Prorocentrum triangulatum, FEuglena
viridis) adversely affects the feeding of oysters
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(Loosanoff and Engle, 1947). A large-scale
“natural” experiment along the same line took
place in Great South Bay where unbalanced fer-
tilization of sea water by manure from the duck
farms located along the banks of the bay boosted
such reproduction of Chlorella-like organisms that
the heretofore prosperous shellfish industry of the
bay suffered a serious setback (Redfield, 1952).

Nelson (1934) made a series of tests of several
substances as artificial foods for oysters. He
used corn starch, ground alfalfa, soybean meal,
and ground meat of the king crab. It is not clear
in his report if the criterion of results was the
weight of the oyster meat. Nelson states that
only with corn starch ‘‘was any success obtained.”
The details of these experiments have not been
disclosed.

In spite of doubtful results the artificial feeding
of oysters appears to be a definite possibliity which
should be carefully investigated. Since oysters
are able to absorb glucose dissolved in sea water
(Yonge, 1928), it seems desirable to explore more
thoroughly this method of feeding. Furthermore,
the diet of the oyster and the nutritive value of
different diatoms and flagellates should be investi-
gated together with the methods of their cultiva-
tion. It is reasonable to expect that certain forms
richer in protein, may be more useful for obtaining
better growth of oysters; others, richer in car-
bohydrates, may prove more valuable for their
fattening. Research along these lines offers
many interesting possibilities that may prove
useful in the artificial culture of oysters.
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