










placed on frame D. The length of the hook is
adjusted by turning the nut (c). The two pans
of the balance are placed in a zero position, and
the desired weight is put on the right pan. The
right valve of the oyster is connected to the
writing lever (L) of the kymograph (K). The
writing pen (M) is attached to a signal magnet
which is activated by an electric timer (R) and
transformer (T). The timer is made by mounting
a plastic disc on the axis of a Telechron motor
making one revolution every hour. A short piece
of copper wire at the periphery of the disc, indi­
cated in figure 159 by the arrows, completes the
circuit every 30 minutes (at the vertical position
of the arrow). The weight of the balance is
sufficient to keep the platform from floating when
it is placed under water. Sea water is supplied
through the intake (F); the overflow (H) controls
the water level. This setup was successfully used
in a large number of tests made both in the air
and under water.

Occasionally the bond between the cemp,nt cup
and the surface of the shell was insufficient for a
pull of 8 to 10 kg. and had to be adjusted by using
a stronger mixture and slightly roughening the
surface of the valve. In the majority of cases the
connection between the valve and the cement cap
remained intact even when the pulling force of
about 10 kg. was applied and occasionally the
muscle itself was torn in the middle.

The purpose of the test was twofold: to study
the behavior of the adductor under variable
pulling force and to determine the time required
to cause the loss of tonus by the muscles that were
being stretched by weights varying from 2 to 10
kg. directly over the muscle scar.

New England oysters kept in the harbor near
the laboratory were used in all the tests. The
oysters were about 5 inches in height and ap­
peared to be in good condition with the shells
undamaged by boring sponge.

TESTS MADE IN AIR AND IN WATER

Adult oysters exposed to air at room tempera­
ture are able to withstand the pulling force of
several kilograms for several days. Under the
weight of 7 to 8 kg. the adductor muscle opened
immediately (fig. 160). A force of 8 kg. (2,185.8
g./cm. 2 of cross-sectional area of the adductor)
caused immediate stretching of the adductor to
about one-third of the maximum gaping distance,
which was attained within 6.5 hours. During the
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5 hours following the initial stretching there was
no shell movement but the adductor retained its
tonus level; the response to pricking (several
small upward strokes on the record) was very
slight. Final stretching to 1.5 cm. gaping dis­
tance of the valves was relatively rapid. At this
stage the adductor lost the tonus and failed to
respond to stimula.tion. Upon removal of the
weights the muscle regained its elasticity and
contracted (right side of fig. 160). For several
hours an oyster weighing only 18.2 g., exclusive
of shell, was capable of maintaining a constant
tonus level against the pull of 8 kg.

In all tests in which the pulling force of 10 kg.
per oyster was applied (from 2.5 to 3.0 kg./cm. 2

of the muscle area) the muscle stretched im­
mediately and the gape of the valves reached the
maximum width of 15 to 18 mm. The muscle
failed to respond to pricking or to the application
of 0.1 N hydrocholoric acid but retained a certain
degree of elasticity and was able to counteract
the pulling force of the ligament. As soon as the
muscle was cut off the valves opened several
millimeters beyond their former position.

Individual variations in the time required for a
muscle to reach maximum stretching are consider­
able. The time needed to produce tonus loss is
inversely related to the weight applied to the
valves. The pulling force of 0.5 kg. (131 to 136
g./cm. 2) applied for 15 days had no effect on the
opening of the oyster shell in the air (at room
temperature of 15° to 18° C.). At the pulling
force of about 500 g./cm. 2 the loss of tonus and
failure to respond to stimulus developed in 300

!
8 KQ.
applied

FIGURE 160.-Record of shell movement of C. virginica
kept in air under the pulling force of 8 kg. (2185.8 g./cm.2

of cross-sectional area of the adductor muscle). Arrows
indicate time when the weight was applied (upper left)
and removed (lower right). Temperature 18° to 23° C.
Total weight of oyster meat 18.2 g.; of shell 166 g.
Maximum gap (right end of the curve) 1.5 em. The
distortion of the lowermost position of the lever with
reference to the horizontal axis is marked by the heavy
arrow. Time interval: 0.5 hour.
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FiGURE 162.-Shell movements of C. virginica in sea water
after the removal of weight of 6 kg. or 1,676 g./cm.2 of
muscle area (upper line) and 8 kg. or 1,675 g./cm.2 of
muscle area (lower line) applied to the valves. Weights
were removed after complete loss of tonus was attained
in 43.52 and 52 hours exposure in air at temperature
23° to 24° C. Water temperature 13.5° C. Time
interval: A and B, 0.5 hour each.

about 1.5 kg./cm.2 of muscle area some of the
oysters showed tonus loss in less than half an hour
while others remained closed for many hours.
The relationship between the increasing pulling
force and the time required to develop loss of
tonus is shown in figure 163.

Ohanges in the character of shell movements of

hours. To avoid desiccation the oyster in this
experiment was surrounded by a small moist
chamber. With the increase in weight the time
of complete loss of tonus rapidly decreases
(fig. 161).

Muscles which were kept for several hours under
a pulling force of about 1.7 kg./cm.2 of cross­
sectional area suffered a temporary injury which
resulted in abnormal shell movements after the
return of the oysters to sea water (fig. 162). The
two tracings reproduced in this figure are almost
identical, although in the case of oyster A a pulling
force of 6 kg. was used while 8 kg. were applied to
oyster B. In both instances the pulling force per
unit of muscle scar area was the same, 1,676 in A
and 1,675 g.jcm.2 in B. After a few days in
running sea water both oysters completely re­
covered and their shell movements became normal.

In oysters kept in sea water the relationship
between the weight applied to the valves and the
time needed to attain tonus loss is less regular
and individual differences are much greater than
for oysters left in the air. With a pulling force of

A

B

FIGURE 161.-Time in hours required to obtain loss of
tonus of the intact adductor muscle kept under constant
pull in kg./cm. 2 of the cross-sectional area of the adductor.
Experiments with C. virginica kept in air at tempera­
tures between 18° and 24'0 C.
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FIGURE 163.-Time in hours required to obtain complete
loss of tonus in the adductor muscle of C. virginica kept
in water under a constant pulling force expressed in
kg./cm.2 of the cross-sectional area of the adductor
muscle. Temperature 13.9° to 18.0° C. At the pulling
force of 0.59 kg. complete tonus loss was obtained in 274
hours (11.5 days).
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2 KQ.!applied

FIGURE 165.-Excerpts of the continuous records of shell
movements of C. virginica in air under the pulling force
of 2 kg. (590 of the cross-sectional area of the adductor).
A-line ends at the 96th hour after the application of
force; B-at 190th hour; C-at 274th hour when the
muscle failed to respond to stimulation. Widest gap of
valves 1.5 em. Temperature 18.5° to 24° C. Time
interval: A, B, C, 0.4 hour each.

I

~EtGHT\ OFF t,

force of 2 kg. per oyster applied in this case
was equivalent to 590 g./cm.2 of the cross-sectional
area of the muscle. Loss of tonus was attained in
this case after 274 hours (line C) when the gap
between the valves reached the maximum of 1.5
cm. Pathological condition of the muscle was
apparent after 96 hours (line A) and became pro­
nounced at 190 hours (line B). After removal of
the weights the oyster was left in running sea water
but failed to recover and died in 2 days.

A lighter weight (315.5 g./cm.2 of muscle area)
applied to an adult oyster kept in running sea
water at temperatures ranging from 13.9° to 18.0°
C. produced very slow changes in the normal shell
movements (fig. 166). The upper line of figure
166 represents normal movements recorded imme­
diately after the application of the weight. A
noticeable increase in the amplitude of contractions
began on the 3rd day and continued through the
11th and 12th days. During the 13th and 14th
days the amplitude of up and down strokes was
greatly reduced; loss of tonus and failure to re­
spond to stimulation developed by the 18th day.
The last line shows the typical staircase contrac­
tion following the removal of the weight, indicating
that the muscle retained some of its elasticity. At
the maximum amplitude of the contractions (9th
and 11 th days) the oyster periodically lifted the
weight of 1 kg. to the height of about 1 cm. Ten
days after the end of the test the oyster recovered
completely and its shell movements became
normal.

32-39hr.

64-71 hr.

0-1hr.

7-14hr.

71-78hr.

recovery after removal of weight

FIGURE 164.-Shell movements of C. virginica in sea
water under continuous pull of 2 kg. (606 g./cm.2 of
cross-sectional area of the adductor muscle). Tempera­
ture 13.9° to 14.1° C. Salinity 31.3 %0' A-normal
shell movements before the application of weight.
B-immediately after the application of weight.
C-after 32 hours; note increased gaping. D-after
64 hours; wide gaping, complete loss of tonus and lack
of response to stimulation. Maximum valve opening
1.5 em. E-increased muscular activity during the
recovery period following the removal of the weight.
Time interval: A, B, C, D, and E, 0.5 hour each.

A

an oyster kept under the continuous pull of the
relatively light weight of 2 kg. (606 g./cm.2 of
cross section of muscle area) are shown in figure
164. The five lines represent excerpts of about
7.5 hours duration from a continuous recording
made at a temperature of 13.9° to 14.1 ° C. and
salinity of 31.3 %0' In line A the movements are
normal. Their amplitude is increased after the
application of a pulling force of 2 kg.; at the same
time the frequency of contraction decreases
(line B). This condition continues until the
67th hour (line D, middle part) when the muscle
begins to stretch and the number of contractions
greatly increases. At the 71st hour (end of line
D) the muscle does not respond to stimulation.
After removal of the weight (line E) shell move­
ments are restored. The frequency of contrac­
tions during the recovery period is greater than
under normal conditions. Within the next 48
hours normal shell movements of the type shown
in line A are resumed.

Similar experiments in the air at higher tempera­
tures varying from 18.5 ° to 24.0° C. gave slightly
different results shown in figure 165. The pulling
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9th day ------'"

1st day

3rd day

11th day

A

,,,
LOSS OF •

TONUS

IBthday

FIGURE 166.-Shell movements of C. virginica in running
sea water under a continuous pull of 1 kg. (312.5 fl,./cm. 2

of the cross-sectional area of the adductor muscle).
Temperature 13.9° to 18.0° C. Time interval: 0.5 hour.

If much greater weight (4 kg. per oyster or 1,150
g./cm. 2 of muscle area) is applied shell movements
become abnormal at the very beginning of the test.
This is demonstrated in the records of two Cotuit
(Mass.) oysters (G. virginica) and one G. gigas
shown in figure 167.

The stretching of the adductor muscle by a pull­
ing force not exceeding 4 kg. per oyster did not
interfere with their feeding; a strong current was
maintained by the gills, and the feces were formed
and discharged in a normal way. However, the
secretion of mucus by the mantle and gills was
greatly increased. Vast quantities of slimy mate­
rial accumulated at the mantle edge and were dis­
carded as pseudofeces.

The resistance of the adductor muscle to a pull­
ing force exceeds by many times the force required
to overcome the elasticity of the ligament and
close the shell. This additional force is apparently
needed to keep the valves hermetically sealed.
The ability to keep the valves tightly closed has
definite survival value. Mollusks possessing it
are able to protect themselves against desiccation
when exposed to air, or against adverse condition!'!
caused by the presence of toxic substances in the
water. Powerful muscular mechanism also helps
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FIGURE 167.~Shell movements of two Cotuit oysters, C.
virginica (lines A and B), and C. gigas (line C) in sea
water under a continuous pull of 4 kg. or about 1,150
g./cm.2 of cross-sectional area of the adductor muscle.
Temperature 14.50 to 16.5° C. Salinity 32.0 to 32.3 0/00 •

The exact time of tonus loss is shown by the broken line
and arrow. Time interval: A, B, and C, 0.5 hour each.

them to resist attacks of starfishes, crabs, and other
enemies that attempt to pry open their valves.

CYCLES OF SHELL MOVEMENTS

There is no indication of any periodicity in
muscular activity in the kymograph records of
shell movements of oysters that were kept in
running sea water in the laboratory or kept out­
side on a suitable platform submerged from a pier
(Loosanoff and Nomejko, 1946). Brown and his
associates (Brown, 1954; Brown, Bennett, Webb,
and Ralph, 1956) claim, however, that G. virginica
possesses a persistent lunar cycle of activity with
the maxima occuring at about 12.5 hour intervals.
Oysters used for obtaining tracings of shell move­
ments were kept for a fortnight or longer in about
4 or 5 1. of sea water which was not changed but
was adjusted by occasional addition of distilled
water to compensate for evaporation. The mean
daily cycles were calculated for I5-day periods
by obtaining the average value of opening for
each hour of the day and applying to the data a
very complicated method of adjustment. The
main conclusions reached by the authors were
that: (1) oysters and quahogs display "statistical
rhythms of opening of shell while the overt
rhythms are not apparent from kymograph
records", (2) short periods of opening tend to
occur about 6 :00 a.m. and more or less prolonged
periods of openings happen through much of the
remainder of the day. The observations and
their mathematical treatment are of interest from
a theoretical point of view, but the ecological
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significance of the times of maxima and mllllmR
of activities in the daily cycle of the oyster are
difficult to imagine at the present time.
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