


Unfortunately, J~rgensen does not mention the
dimensions, weight, or conditions of his oysters,
and does not describe the details of his technique.
He states, however, (1952, p. 362) that "the oyster,
Ostrea virginica, and the ascidians Oiona intestinalis
and Molgula manhattensis filter about 10 to 20 1.
of water for each ml. of oxygen consumed."

The low oxygen uptake reported by J~rgensen

may have been due to the experimental conditions
and partidularly to the presence in the water of
graphite particles used by him in determining the
rate of water filtration.

Environmental effects

Seasonal changes in the rate oj oxygen uptake.­
After spawning the New England oysters pass
through a period of lowered activity and tend to
keep their valves closed, sometimes as long as
2 to 3 days; when they open again the rate of
water transport is lower than it had been before
the start of the reproductive period. Through
the cold season of the year, from October to
April, the oxygen uptake remains at a low level.
In order to obtain comparable results and to
eliminate the effect of temperature, tests of
metabolic rates were made at 25 0 0., using oysters
that were kept outdoors and brought into the
laboratory for 3 to 4 days before testing to adjust
gradually to the higher temperature. Exam­
ination of the data summarized in table 27 shows
that the period of lowered metabolic activities
occurred primarily during the winter.

Effect oj change in salinity and pR.-No sig­
nificant change in the respiratory rate was no­
ticed in water of lowered salinity to which the
oyster had become adjusted. In these tests
the metabolic rate was first measured in water
of 31.6 0/00 salinity. After the first test, which
lasted 6 hours, the oyster was transferred for 3
days into running sea water diluted with fresh
water to the salinity of 24.1 0/00 (approximately
76 percent of the previous concentration of salts).

TABLE 27.-Seasonal changes in the oxygen uptake in mg.
of oxygen per oyster per hour of adult Long Island oysters
about 10 em. long and 7 em. wide

50 5.0 4.2 2.6 2.6 2.3 2.0 2.7
51- " .3.8 _. 2.9 2.1 _
52 3.5 1. 5 1. 8 ... 1. 9 2.4 1. 6 1. 7 _
53 ._. __ ._ 4.4 . . 3.6 _.. . _
55 5.2 __ . 3.0 .3.6 _. __ 4.0 2.7 4.7 4.3
56 4.1 2.4 3.1 2.9 . 4.4 2.9
62 . ._._ 4.7 . __ 2.6 2.0 3.1 " 5.4 4.3

The rate of respiration was measured on the
4th day under standard conditions. The results
of the test (figure 194) show that the rate of
oxygen uptake in the water of lower salinity
was not significantly different from that observed
in 31.18 0/00 salinity. The tests were repeated
several times with different oysters with identjcal
results. In all experiments the oysters were
left in water of lower salinity for at least 3 days
to adjust to the new conditions. The effects of
greater dilution of sea water have not been
studied because of the technical difficulty in
providing sufficient food to the oysters during the
prolonged periods of adjustment.
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FIGURE 194.-0xygen uptake of an adult Long Island
oyster recorded at normal salinity (solid line) of Woods
Hole (31.58 0(00) and 4 days later at lowered salinity
(broken line) of 24.1 0/00' All tests were made in
August under standard experimental conditions at the
temperature of 25.00 C.

The pH has a very pronounced effect on the
rate of oxygen uptake. The water used in
metabolism tests was acidified by adding a quan­
tity of 0.1 N hydrochloric acid. After six or
eight readings with normal sea water, the acidified
water was turned on and the testing continued
for another 3 to 4 hours. The curve in figure 195
summarizes the results of all 10 tests performed
in July to September using Long Island and Mas­
sachusetts oysters. At pH 6.5 the oxygen uptake
drops to about 50 percent of the normal rate and
rapidly decreases to less than 10 percent at
pH 5.5. At pH 5.8 the oxygen uptake may
continue for several hours at a greatly reduced
rate (fig. 196).
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FIGURE 195.-Effect of lowered pH on the rate of oxygen
uptake of adult oysters. Summary of summer ex­
periments at Woods Hole at 250 C.

It is of interest to find out whether the R.Q. of
the oyster, which is an herbivorous mollusk,
changes after the breeding season when it begins
to accumulate and store glycogen. Orton (1927a,
1927b) suggested, without presenting supporting
evidence, that during the reproductive cycle of
O. edulis there is a shift from predominantly
protein to carbohydrate metabolism and that this
shift is correlated with the completion of the male
sexual phase.

In conducting observations on carbon dioxide
production it is necessary to keep in mind that
deposits of calcium carbonate in the bodies of
some marine invertebrates may suddenly release
large quantities of this gas which would give a
false R.Q. (Bosworth, O'Brien, and Amberson,
1936). For instance, the reported R.Q. 1.39 of
lobster was found to be false since in lobsters
coated with collodion the R.Q. was only 0.92.
The shell of the bivalves is the principal storage
place of carbonates which act as buffers when the
valves are closed. In metabolism studies this
possible source of error should be eliminated by
coating the shells with paraffin.

The values of respiratory quotients vary during
the conversion of food substances within the
organism. Fattening of livestock and birds by
forced carbohydrate feeding is usually accompanied
by high R.Q., while the utilization of fats and
proteins and their possible conversion to carbo­
hydrates lowers the R.Q. values. It is, therefore,
possible to expect that seasonal variations in the
R.Q. of the oyster would give a clue to changes in
the utilization of its food.

A Van Slyke constant volume apparatus for
gas analysis was used in a series of observations of
a group of marked oysters kept in live boxes in the
harbor. No definite trend in the changes of R.Q.
could be detected. It varied throughout the year
from 0.51 to 1.44 as may be seen in the summary
of observations (table 28) made under standard
conditions in water containing no plankton.
Addition of water soluble food in the form of
dextrose resulted in an increase in R.Q. The
latter determinations (table 29) were made in
filtered water to which dextrose was added.
There was no increase in R.Q. in water containing
0.0025 percent dextrose, but in 0.005 and 0.01
percent the R.Q. values were significantly higher.

RESPIRATION IN OTHER SPECIES OF OYSTERS

Comparison between the results described for
C. virginica and the data published by others for
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RESPIRATORY QUOTIENT, R.Q.

The respiratory quotient (R.Q.) is the ratio of
the volume of carbon dioxide produced to the
volume of oxygen consumed at the same time.
Definite values of R.Q. have been recognized for
the principal types of food (Vernon, 1895; Richard­
son, 1929; Krogh, 1941). The R.Q. for carbo­
hydrate is 1.00; for protein about 0.79; and for fat
0.71. On an average mixed diet the R.Q. of man
is about 0.80 to 0.85. The herbivorous animals
tend to have a higher R.Q., while the carnivorous
have a lower one.

FIGURE 196.-0xygen uptake of two oysters of approxi­
mately equal size (about 6 em. in height) at pH 8.1
and 5.8. Salinity 31.6 0/00. Measured for 6~~ con­
secutive hours. Temperature 24.50 C.
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Oyster Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
No.

TABLE 29.-Effect of dextrose in sea water on R.Q. of C.
virginica

TABLE 28.-R.Q. of C. virginica through the year
[Long Island Sound oysters]

glass containers filled with 2 1. of unfiltered sea
water. The containers had to be turned over in
order to mix the water. Closing and opening of
shells were not recorded. Undoubtedly the turn­
ing of vessels caused the oysters to close their shells
and discontinue the ventilation of the gills. For
control Pedersen used blanks that contained no
oysters. The difference between the blanks and
the samples taken from the experimental con­
tainers was considered equal to the quantities of
oxygen consumed and carbon dioxide produced by
the oysters. The consumption of oxygen was
expressed in mg. of oxygen per 100 g. of total
weight or per 10 g. of net weight (presumably
the wet weight of the meat) per 24 hours. Under
these conditions and at temperatures around 24 0

to 25 0 C. the oxygen consumption of the oysters
varied from 15.0 to 48.9 mg. of oxygen per 10 g.
of weight per 24 hours or from 0.62 to 2.0 mg.
per 1 hour. Pedersen's technique had serious
drawbacks since the time the oysters were open
is not known; the mollusks were disturbed by
violent motions (turning over of the containers);
and the animals probably were affected by accum­
ulation of metabolites. The reported R.Q. of the
Norwegian oysters varied from 0.8 to 1.0, but
in some instances it was as low as 0.6 or as high
as 2.6 and 3.0. The abnormally high and low
values are probably fictitious because of some
deficiency in technique.

In a study of the energy-metabolism of O. edulis
Gaarder and Eliassen (1955) used a closed chamber
system (desiccators) of 750-mI. capacity. The
shells of the oysters were kept open by glass rods
inserted between the valves. The salinity of
water was 32 0/00' and the temperature was kept
constant within ±0.05° C. The results were
expressed in mI. of oxygen consumed per 1 g.
of wet weight per hour. To facilitate the com­
parison I have recomputed the data of the Nor­
wegian investigators to mg. of oxygen per 10 g.
of wet weight of oyster tissues. At 25 0 C. the
oxygen consumption by O. edulis computed on
this basis was about 2.0 to 2.5 mg. of oxygen per
hour per oyster.

As one may expect from observations on the
effect of temperature on ciliary motion of the
gill epithelium of the oyster, the oxygen consump­
tion increases about 1.5 times for every 10 0 rise
(QIO) of temperature between 10 0 and 25 0 C.
The maximum is reached at about 25 0 C. Below
50 C. the oxygen uptake decreases rapidly but

0.0025
.005
.01
.01

Percent·
ages of

dextrose

0.85
1.56
1.56
1.38

Filtered
sea water+ dextrose

0.87
.57
.82
.92

R.Q. values in-

Filtered
sea

water

Date

Nov. 14. _
Dec. 2 _
Dec. 10 _
Jan. 15 _

other Ostreidae is difficult because of the different
conditions under which the metabolism tests were
made. In a discussion of the relation between
the metabolism and temperature and its zoogeo­
graphical significance Sparck (1936) makes the
statement that, "0. edulis consumes more
oxygen than Gryphaea (Grassostrea) angulata of
which it is shown that it is able to supplant O.
edulis in several localities." This conclusion based
on a few single determinations is not well sub­
stantiated.

Pedersen (1947) studied the respiration of O.
edulis living in the small salt-water ponds along
the Skagerrak coast in Norway. The summer
temperature in these ponds rises to 25 0 C. and
higher, while in winter ice covers the ponds for
about 5 months. Prior to making the test
Pedersen kept the oysters for a few days in filtered
sea water, brushed them, washed the shells with
40 percent alcohol, and wrapped them in pieces
of gauze to prevent small bits of shell from being
broken off. For measuring the oxygen uptake
the oysters were placed in hermetically closed

M-L 0.97 1.18 • ._. __ •• • • • 0.81
M-L 0.84 _

g~i~~~~ ~~~~~ ~~~~: ~~~~~ ~~~~~ ~~~~~ ~~~~~ nr ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~M-4 0.92 0.97 __ • __ 1. 06 • _
M-6 0 79 0 79 0.84 _

g~~~~~ ~~~~~ ~~ii~ ~~~~~ ~~i;~ ~~~~: m~~ ~~~~: ~~~~~ ~~~~~ ~~~~~ ~~~~; =8~g~
M-9 0.71 __._. • • • _
M-I0 0.51 _. 0.71 • _
R-50 0.72 • _
R-50_. • __ 0.72 • _

I~;m~~ ~:;;~ ~~~~~ ~:;r ~~m ~~~~: n~- ~~~~~ m~~ ~~~~~ ~~~~: ~~~: ~~m
R-59 • 0.54 • • ._. _
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measurable values were recorded by Gaarder and
Eliassen even at temperatures approaching 00 C.
It may be assumed that under normal conditions
the valves would be closed at this low temperature
and ventilation of the gill stopped.

Another experiment by Gaarder dealt with the
effect of oxygen tension on oxygen consumption.
The "critical oxygen tension" at which a decrease
in the oyster oxygen consumption becomes
apparent was found to be 4 mI. of oxygen per 1.
(at 22 0 C.). If the figure is correct, it would
indicate that O. edulis has a higher "critical
point" than the one reported for C. virginica in
which the rate of oxygen consumption begins to
diminish when the oxygen tension is reduced to
2.5 cm.s per 1. or lower (Galtsoff and Whipple,
1931). Gaarder and Eliassen disagree with Peder­
sen's (1947) conclusion that O. edttlis can live for
quite a while in water poor in oxygen. They
think this species shows a rather high "critical
point" of oxygen tension. In both O. edttlis and
C. mrginica the uptake of oxygen is independent of
oxygen tension above the respective critical points.

O. circumpicta, observed in a closed chamber
system of about 8-1. capacity containing a thick
layer of liquid paraffin, was found by Nozawa
(1929) to consume oxygen at the rate of about 3.2
mI. of oxygen per hour per 10 g. of wet tissues.
This rate is computed from Nozawa's published
data with an assumption that his figures of oxygen
uptake represent the cm.s of oxygen. The R.Q.
values of this species gradually increased during
the 22 hours of observations from 0.85 to 2.8.
The validity of the latter figure is questionable
and is probably due to accumulation of metab­
olites. Nozawa claims that oxygen consump­
tion of O. circumpicta is independent of oxygen
tension until the latter is reduced to 0.1 percent
of its normal content in water. The figure
appears to be too low to be accepted without
further verification.

UTILIZATION OF OXYGEN

Bivalves use only a small portion of the oxygen
dissolved in the water which they transport
through the gills. The percentage of oxygen
consumed is the measure of the intensity of
utilization of oxygen. In most cases less than
10 percent of the oxygen available is removed
from the water (Hazelhoff, 1938). In comparison
to gastropods and cephalopods, which utilize up
to 80 percent of the available oxygen, the oxygen
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demand by bivalves is very low. The actual
figures of utilizaton vary depending on the condi­
tions of the mollusks. In Mya arenaria and in
fresh-water Anodonta the normal utilization ranges
from 2 to 10 percent (Van Dam, 1938). The
low rate of utilization is due to the rapid transport
of water which both mollusks have to maintain
in order to obtain a sufficient supply of food.
Van Dam reports (1937, 1938) that in many
cases when the respiratory current was slowed
down or when before making the test the mollusks
were left in the air for 20 hours, as much as 97
percent of the oxygen was utilized.

The rate of oxygen consumption is usually
higher after a period of interruption of respiratory
current or after exposure of mollusks to air. This
compensation by oysters for an oxygen debt has
also been observed in Mya arenaria, and in
Anodonta cygnea (Koch and Hers, 1943). The
authors maintain that the rate of ventilation of
the gills of Anodonta is regulated both by the need
of the animal for oxygen and by the availability
of oxygen in water. Oxygen determination in
their experiments was made by means of a polaro­
graph. By this method is was possible to record
photographically the continuous changes in the
oxygen content of water of the exhalant current.
The inference the authors draw from their observa­
tions is that the regulation of the branchial current
in Anodonta by contraction of the exhalant siphon
has relation to the intensity of metabolic processes.
They found that the periods of closure of siphons
are longer in water rich in oxygen and become
shorter when the oxygen content is low. The
technique of dropping mercury electrodes
(Petering and Daniels, 1938; FS?Jyn, 1955; Brezina
and Zuman, 1958) appears to be promising and
should be applied in further study of respiration
in mollusks.

The coefficient of oxygen utilization in the
oyster (percent of oxygen removed from the water
as it passes through the gills) has not been deter­
mined. The data of the metabolism tests cannot
be used for this purpose because the actual rate of
water transport cannot be measured in an oyster
kept in the respiratory chamber. The flow of
water through the chamber was maintained at a
rate lower than the expected rate of water transport
through the gills and, consequently, it is reasonable
to expect that the water in the chamber passed
through the gills several times before it reached
the outlet.
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