














Fiecure 263.—Transverse section of branchial nerve of C. virginica.
lin-eosin.
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Ficure 264.—Radial nerve in the mantle of C. virginica.
The sheathing of connective tissue forms the periphery.
Here the nerve consists of three distinet nerve trunks.
Blood cells are scattered in the connective tissue of the
mantle. Kahle, hematoxylin-cosin.

bodies and long processes which extend from the
surface of the organ deep into the underlying con-
nective tissues. The nuclei are elongated, and the
cells are deeply stained with iron and alum hema-
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Gill muscles are above the nerve. Kahle, hematoxy-

toxylin. A large nerve trunk, shown in figure
265, sends its branches to the surface of the pallial
organ. The nerve entering the organ is a branch
of one of the posterior pallial nerves which emerge
from the visceral ganglion. Typical vesicular
connective tissue forms the core of the organ.

There has been no experimental study of the
pallial organ, and its physiology is not well under-
stood. Elsey (1935) expressed the opinion that
its primary function is the regulation of respiratory
current. Haas (1935) thought that in Lima the
pallial organ is primarily concerned with chemical
testing of water, and this view is repeated by
Franc (1960) in his review of Bivalvia.

The long, stiff cilia seem to be more suitable for
detecting mechanical disturbances than for
responding to chemical stimuli. The organs of
chemical taste in the oyster are the tentacles of
the mantle. Because of their location at the edge
of the mantle they are the first ones to come in
contact with the irritating or poisonous substances
in water and give the oyster a signal to prevent
its access into the pallial cavity. It appears
unreasonable that an organ of chemical taste
should be located inside the water transporting
system near its end. Dahmen (1923) and Awati
and Rai (1931) think that the pallial organ in
bivalves is primarily the organ for detection of
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Ficure 265.—Sagittal section of the pallial organ of C. wirginica.
of connective tissue richly supplied with blood vessels and ramifications of the posterior pallial nerve.

hematoxylin-eosin.

mechanical disturbance in the surrounding water.
A final answer to the enigma of the pallial organ
must await results of physiological studies which
so far have not been undertaken.

A different type of pallial sense organ of the
spat of O. edulis was described by Cole (1938),
who found a thin-walled spherical and pigmented
sac projecting from the inside mantle surface
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Long ciliated cells rest on semiglobular protuberance
Kahle,

near its border, about one-third of the length of
the free edge from the mouth. The cavity of
the sac contains a comparatively large non-
calcareous and nonsiliceous concretion which
stains visibly with eosin. There are no cilia inside
the sac, which is covered by very attenuated
epithelium. Cole remarks that the organ is
suitably constructed and in a favorable position
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F1GgURE 266.—Section of a small part of the ciliated
covering of the pallial organ of C. virginica showing
sensory cells between the ciliated epithelial cells.
Kahle, iron hematoxylin.

for receiving and reacting to vibration. He
found that this organ is fully developed in 4- to
5-day-old spat. It is not known whether the
organ is present in adult Q. edults or in C. virginica.

SENSORY STIMULATION

Very little experimental work has been con-
ducted on the physiology of the nervous system of
the oyster. Most of the research on neuro-
physiology of other bivalves (Pecten, Mytilus, Mya,
and Anodonta) dealt with the action potentials,
tonus of the adductor muscle (see: ch. VIII), and
stimulation of the siphons of Mya (Hecht, 1919a,
1919b, 1920a, 1920b; Piéron, 1941) and Pholas
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(Hecht, 1928). From a study of the action
potentials along the nerve trunks of the siphon of
the soft shell clam, Piéron calculated that the
velocity of the transmission of stimuli along the
nerve of this mollusk is of a magnitude of several
meters per second. The value is probably common
to other bivalves,

Neuro-secretory cells are present in a number of
marine bivalves (Nucula, Anomia, Mytilus, Modio-
lus, Chlamys, Lima, Donax, Arcopagia, Mactra,
Cardium, Venerupis, Venus, and Paulora) and
probably may be found in other genera including
the oyster (Gabe, 1955). These cells are typical
small neurones of the cerebral and visceral ganglia
but are absent in the pedal ganglia (Lubet, 1955).
The amount of secretion they contain varies with
the season and is apparently related to or parallels
the sexual cycle for it increases with the matura-
tion of sexual products (see: ch. XIV, page 312).

Sensory stimulation of the tentacles of the
oyster by chemicals was studied by Hopkins
(19322, 1932b). He measured their sensitivity by
determining with a stopwatch the latent period,
i.e., the time elapsed between the application of a
chemical and retraction of a tentacle or a group of
them. The method is very simple. The mantle
is exposed by cutting off a portion of shell, and the
oyster is placed in sea water running at a constant
speed through a rectangular tank with two com-
municating parts, one of them shallow and the
other several inches deeper. Water in the taller
part is kept at a constant level. The oyster is
placed in the shallow portion of the tank, and a
vessel containing the solution to be tested floats in
the taller part. A three-way stopcock is mounted
on the wall separating the two parts of the tank,
one branch of the stopcock is bent horizontally and
ends in a capillary nozzle placed a short distance in
front of the tentacles. The two other branches are
fitted with flexible rubber tubing at the end; one is
lowered into sea water, the other into the floating
vessel with the test solution. At the beginning of
the test the stopcock is turned to deliver a con-
stant, gentle stream of sea water to the tentacles,
which remain in a relaxed state as long as the
current and temperature of the water are constant.
The stopcock is turned abruptly, and the sea water
is suddenly replaced by the solution to be tested.
The total time from the turning of the stopcock to
the observed retraction of the tentacles is measured
with the accuracy of one-tenth of a second. Before
making a test the time required for & test solution
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to pass from the container to the tip of the nozzle
is recorded by using a colored solution and the value
obtained is subtracted from the total time meas-
ured, giving the duration of the actual latent
period. Since the vessel in the deeper part re-
mains afloat, the level from which the solution is
withdrawn remains constant and consequently
there is no change in the velocity of current striking
the tentacles.

All parts of this simple apparatus may be built
of plastic. The following precautions should be
taken: 1) the nozzle in front of the oyster must be
firmly mounted and placed on a solid stand to
avoid mechanical disturbance when turning the
stopcock; 2) water and test solutions should be
kept at equal and constant temperature; and 3)
levels from which the sea water or the test solu-
tion are delivered to the tentacles should be con-
stant in order to avoid a change in the velocity of
current.

This method was satisfactorily used in the Woods
Hole laboratory in testing the reaction of oysters
to various organic compounds and contaminants.

Sensory stimulation of tentacles by inorganic
salt solutions depends on the chemical composition
of the substance used and its concentration. The
relationship between the concentration of a given
substance and the latent period, presented in
Hopkins’ papers, indicates that the effect, con-
sidered as the reciprocal of the latent period, is
directly proportional to concentration. Some-
times a secretion of mucus covers the tentacles and
impedes the reaction. In such cases Hopkins
found it necessary to subtract a constant from the
latent period values.

The range of latent period values in Hopkins’
experiments varied from a fraction of a second to
about 15 seconds. By using 0.5 M solutions of
several inorganic salts Hopkins arrived at the
conclusion that sensory stimulation is primarily
the function of cations, which he listed in the
following order of effectiveness: K>Na>NH,>
Li.

Tentacles respond also to chemical stimulation
by various organic compounds such as quinine
sulphate, cumarin, etc. An odorous compound
such as cumarin is detected by the oyster in a
concentration of 0.0004 percent. The oyster
responds also in a measurable reaction to a 0.004
percent solution of quinine sulfate. This con-
centration is one-eighth of the strength of the
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solution of quinine that can be detected by man’s
tongue (Hecht, 1918).

Cane sugar has little stimulating effect on the
tentacles (Hopkins, 1932b). Tests with fructose
(in sea water) that I made in the Woods Hole
laboratory gave the following results:

0.05 percent No reaction in 1 minute.

1.0 percent Latent period 8 to 12 seconds
in four out of 10 trials.
5.0 percent Latent period 4 to 8.4 sec-
onds.
Arabinose is more effective:
50 mg./l Latent period 26 to 49 seconds

in five out of 10 trials.

100 mg./1 Latent period 12 to 34 seconds
in all 10 trials,
5.0 percent Latent period 5 to 8 seconds in

all 10 trials.

An interesting reaction was observed when
diluted sea water (one part fresh water | three
parts sea water) was used. The inner lobe of
the mantle curled up, but the tentacles were
not affected. The gradual curling ended in a
sharp contraction of the adductor muscle. Nor-
mal sea water added to the edge of the nantle in
a control experiment produced no such result.

A similar protective reaction was observed
when the extracts of the meat of the oyster drill
(Urosalpinz cinerea) and of the stomach of the
starfish (Asterias forbesi) were used. The tentacles
reacted strongly in contact with the undiluted
juice of Urosalpinx with the latent periods of 1.5
to 3.6 seconds. These experiments suggest that
sensory mechanism of the oyster may be sufficient
to detect the close proximity of carnivorous
gastropods.

The mechanism of sensory stimulation has not
been adequately studied and is not fully under-
stood. Its biological significance is, however,
apparent. The warning received by the tentacles
is transmitted through the circumpallial nerve
of the mantle to the ganglia. If stimulation is
sufficiently intense either a part or the entire
mantle is withdrawn, the entrance to the gills
is closed, and the ensuing contraction of the
adductor firmly closes the shell. The three
steps outlined can be observed under experi-
mental conditions; they constitute the three
distinct phases of the defense reaction of the
organism.
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