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NUTRITION, ENVIRONMENTAL CONDITIONS, AND
GROWTH OF MARINE BIVALVE MOLLUSKS 1

BY
WESLEY R. COE
Osborn Zoological Laboratory, Yale University,
New Haven, Conn.
and
Scripps Institution of Oceanography, University of California
La Jolla, California

Recent investigations on the nutrition of the ciliary-feeding bivalves
indicate that, although many varieties of organic and inorganic substances are ingested, most of the actual food is assimilated by the
intracellular digestion of very small cells and particles. This is accomplished mainly by the phagocytic cells of the digestive organ
(digestive diverticula, or "liver"), but it is aided to a small extent by
migratory phagocytic cells in the lumen of the alimentary canal. The
greater proportion of the ingested material consists of particles too
large for this form of digestion, and the alimentary canal is deficient in
most of those enzymatic extracellular secretions which are responsible
for the primary digestive processes in many of the other invertebrates.
The principal extracellular secretions in the alimentary canal of
these mollusks are amylase and glycogenase, secreted by the cells of
the ;style-sac and incorporated in the style. These enzymes are set
free in the stomach as the end of the style is dissolved, and they are
then available for the digestion of the free starch and glycogen which
may be contained in the food.
The gastric juice also contains a small amount of cellulase of the
same origin, but this is evidently inadequate for the complete digestion
of dinoflagellates and other phytoplankton with cellulose walls, which
frequently constitute the greater part of the stomach contents. The
nutritive substances contained in these organisms become available as
nutrition for the bivalves only after death and disintegration into
particulate materials of minute size. Only to a small extent does this
occur during the short time that the ingested cells remain in the alimentary canal. Most of the living dinoflagellates pass through the
canal without apparent change.
Because the stomach usually contains such a large proportion of
dinoflagellates and relatively large diatoms, it was formerly assumed
1
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that these constituents of the phytoplankton contribute, as living cells,
the greater part of the food material. However, Yonge (1926, 1935,
1946) has proved that only the smallest diatoms and similarly small
organisms and particles can be assimilated by the oyster (Ostrea
lurida). He found that the protease which would be required for the
digestion of naked protoplasm or proteins could be detected in the
lumen of the canal only in very small amount. Nor is there any considerable quantity of free lipase for the digestion of lipoids. The
traces of these enzymes in the juices of the canal were ascribed to burst
or cytolyzed phagocytes.
In his studies on the razor clam (Ensis siliqua), Graham (1931) likewise concluded that digestion in that species is mainly intracellular.
However, he found small amounts of both amylytic and lipolytic
enzymes in the midgut, with traces of the same enzymes in the rectum.
He agreed with Yonge that they were due to the phagocytes present
and that they were not to be considered as extracellular secretions.
The style provides a strong extracellular amylase· and an oxidase but
no protease, lipase or invertase. Within the cells of the digestive
organ (digestive diverticula) he demonstrated protease, lipase, diastase and glycogenase.
Yonge's conclusions have been supported also by the studies of Fox
and Marks (1936), Fox and Coe (1943), and Coe and Fox (1942, 1944)
on the sea-mussel (Mytilus californianus), as well as by those of Coe
(1945) on the bay-mussel (Mytilus edulis diegensis) and Coe (1947) on
the Pismo clam ( Tivela stultorum). In all of these species, and in
others less fully investigated, the gastric juice contains much amylase
and glycogenase but only a small amount of cellulase. The rest of the
nutrition is dependent upon the intracellular digestion of minute cells
and particles within the cells of the digestive organ, supplemented by
migratory phagocytes in the lumen of the alimentary canal. These
cells contain within themselves the enzymes necessary for the digestion
of carbohydrates, fats and proteins.
In addition to the indigestible remains of the phagocytized materials,
the cells of the digestive organ excrete into the alimentary canal many
of their characteristic brown granules. These are believed to be excretions and the remains of chlorophyll digestion, since all or most of
them are discharged in the feces. It seems quite possible, however,
that some of the digestive enzymes contained in the phagocytic cells
may be secreted into the canal simultaneously, as Mansour and
others maintain.
In the most primitive pelecypods (Protobranchia), digestion is reported by Yonge (1939) as being exclusively intracellular and within the
cells of the digestive organ. No amylase is secreted into the stomach
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and there are no phagocytic cells in the lumen of the alimentary canal.
The investigations of Mansour (1946, 1946a, 1946b) and of MansourBek (1946, 1946a) have led them to decide that the conclusions of the
above mentioned writers are not applicable to all species of pelecypods.
They report that the filtered, phagocyte-free stomach juices of Tridacna and Pinctada, and presumably of other genera, do contain
proteolytic, lipolytic and carbohydrate-splitting enzymes, whereby
even relatively large multicellular zooplankton can be digested. The
conclusion was reached that these enzymes are set free in the canal by
the fragmentation and cytolysis of ends of the phagocytic cells of the
digestive organ, which are well known to contain all the enzymes
mentioned. This is confirmed for Unio by Mansour and Zaki (1946).
A similar sloughing off of the distal portions of the phagocytic cells
of the digestive organ has been reported in gastropods. Carriker
(1946) and Carriker and Bilstad (1946), for example, found that in the
snail Lymnaea the entire distal ends of some of the digestive cells are
cast off in the final phase of secretion and pass into the lumens of the
follicles "as an apocrine type of secretion." Nevertheless, no evidence
of a protease could be detected in the gut fluids . The cells of the digestive organ here, as in the pelecypods, "function in secretion, assimilation, intracellular digestion and excretion," but in Lymnaea "assimilation also occurs in the pylorus and absorption possibly in the intestine. " It is evident that extracellular digestion in the lumen of the
canal is of minor importance.
Other gastropods, as Crepidula and Vermetus, resemble the pelecypods in their method of feeding by ciliary action and the secretion of
mucus. They also resemble the pelecypods in having the alimentary
can-al provided with.a crystalline style which supplies enzymes for the
extracellular digestion of carbohydrates. The other nutrients, in the
form of small particles only, are presumably digested intracellularly
within the cells of the digestive organ as in the pelecypods (Yonge,
1932).
NUTRITION AND GROWTH
The rates of growth of the sea-mussel, as correlated with temperature and with the abundance of dinoflagellates, diatoms and bacteria
in the water, were studied experimentally by Coe and Fox (1942, 1944)
and by Fox and Coe (1943). In these experiments an average of about
100 individuals of carefully measured sizes were placed in separate
compartments of wire-screened boxes and suspended below the lowwater level in the vicinity of the natural mussel populations on the
pier at the Scripps Institution of Oceanography. The mussels were
measured at monthly intervals. In order that the boxes should always
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contain individuals of the same average size and age, the oldest group
was discarded and replaced by young individuals after the former
reached a length of about 80 mm., when growth in length decreases.
The stomach contents were examined at frequent intervals. These
experiments were continued for four years (1940 through 1943).
Similar studies were made by Coe (1945) on the bay-mussel, which
also formed large colonies on the pier.
The nutrition and rates of growth of the Pismo clam were investigated by Coe (1947) by measuring at monthly intervals for two years
(1945-1947) marked individuals living in the sand among the natural
clam beds on the beach near the Scripps Institution. Large samples
of the natural population were also measured at the same intervals
and returned to the same positions on the beach after the measurements
had been taken. Since these clams remained in their normal environment, the observed growth rates were presumably representative of
the population for the two years of the experiment at the locality
where the observations were made.
TABLE

I.

AVERAGE INCREASE IN LENGTH OF THREE SPECIES OF BIVALVE MOLLUSKS

AB COMPARED WITH TEMPERATURE AND

INCIDENT SOLAR RADIATION

AND

WITH ABUNDANCE OF DINOFLAGELLATES AND DIATOMS IN THE SAME
LOCALITY DURING EACH MONTH .
AGES

CovERS

Two

YEARS.

EXPRESSED IN TERMS OF

EACH OF THESE

AVER-

SoLAR

g.

RADIATION
cal. cm1 /day.

Ao. Solar raclPhytoplankt®
Temp.
iati®
(Cells per liter)
(°C . )
DinoflagelDiatoms
/ates

Pismo clam Sea-mussel Bay-mussel
Ao. aoe
Ao. age
Ao. aga
18 months 6 m®ths
6 =ths
(mm.)

(mm.)

(mm.)

Oct... .
. .. 18 . 4 ... . 331. ..... 23,000 .. .. .. 18 ,000 .. . .... 2 .1.. . . . 5 . 0 . ...... 6 . 4
Nov.. .
. 15 . 6 .. .. 303 ... ... 10 ,000 ..... 4,000 .. ... . . 1. 7 . .... . . i . 3 ... . ... 5. 9
Dec....
. .. 14.4 ... . 214.. .
5,000 ...
2,000 ....... 1.2 ...
. 3.5 ....... 5. 1
Jan . . .... . .. . 13.2 ... . 246 ...
2,000. ..
1,000 .. . .... 0 . 9 ...
. 3 . 2 .. .. . . . 3. 8
Feb... . . . . . . 13 . 3 .... 309 ...
3,000 . ..... 27,000 ... . .. 0. 7 . ...... 3. I. . . . .3 .2
Mar . ....... . 14 . 2 ... . 461. .. ... 12 ,000 ...
. 20,000 ... .. .. 1.2. ..
. . 4 .1. ..... . 4. 2
Apr .. ........ 16 . 0 ... .'140 .... . 23,000... . . 22,000 ...
. 2 . 0 .... . . 5.2 ... .... 5. 3
May ....
. . 17. 8 .. .. 566 ...... 53,000.. . . 50,000 ....... 2 . 3 .. . .... 5. 8 . ...... 6.3
June ...
. 19.4 .... .524 ..... 108,000 ...... 42 ,000 ....... 2.4 ....... 5 . 6 ....... 6 . 7
July ... . .. . . 19. 8 . . .. .';61. . .... 98,000. ... . 50 ,000 .. ... .. 2.3 .. ..... 5 . 5 . . . . .. . 6.5
Aug .......... 20 . 6 . . .. 508 ...
20,000 ..... 107 ,000 . .. .... 2 . 0 .... ... 5. 3 ..... . 6.3
Sept ......... 19 . 2 . ... 430. .. . . '.l8 ,000.
. . . 42,000. ..
2. 3 ....... 5. 5 ....... 6.6
. . . ........ 21.1. ..... 56 . 1. . . ... 66 . 3
A vera.ge lncrAase l>6r year ..
RATES OF GROWTH

As indicated in Table I and Fig. 1, both the bay-mussel and the clam
showed a maximum rate of growth in June and a minimum in January
and February, the months of average lowest temperature. For the
sea-mussel the maximum was in May and the minimum from December to February. All of the three species showed a slight decrease in
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Figure 1. Correlation between temperature, solar radiation, abundance of dlnoflagellates
and diatoms and mean monthly increase in length of three species of bivalve mollusks under
natural conditions at the Scripps Institution of Oceanography . The measurements indicated
for each species represent the averages for two years. The data for the clam are based on
measurements made in 1945--47, whlle the other data are taken from the records of the preceding years. The growth rates are more nearly parallel with the abundance of dlnoflagellates
than with the other environmental conditions. The incident solar radiation ls shown in
terms of g . cal. cm• per day.
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August, the month of highest temperature, followed by a rise in
September.
Fox and Coe (1943) found that the average length of the sea-mussels
in the experimental boxes at the age of one year was 56.1 mm., the
maximum length observed at that age being 86 mm. There was a gain
in length of about 45 mm. during the second year and 25 mm. during
the third year. The dry weights of the body tissues at one, two and
three years of age averaged 2, 5.6, and 8 g. respectively, and of the
shell at the same ages 23.5, 70, and 104.59 g., respectively. It will be
observed that while the increase in length during the second year was
little more than half the increment of the first year, the volume, weight
of tissues, and weight of shell was more than doubled.
The bay-mussel grew more rapidly than the sea-mussel under the
same conditions during its first year but more slowly during its second
year. A mean length of about 66.3 mm., with an observed maximum
of 82 mm., was attained at the age of one year, and a maximum of
about 93 mm. at the age of two years. Thereafter the rate of growth
was very slow; few individuals in the local population exceed 105 mm.
The Pismo clam grows much more slowly than either species of
mussel, the maximum observed length at one year of age being only
31 mm. and the average 21.1 mm. This rate shows but little diminution during the next two years, but decreases thereafter. In the local
population a maximum length of 150 mm. with a shell weight of 600 g.
at the age of ten to twelve years has been observed, but larger individuals have been reported from other parts of the coast. The growth
rates of this species, as indicated by large collections of the population
for each month of the two years 1945-47, as well as by marked individuals, are shown in Fig. 2. On some beaches on the California
Coast, particularly those contaminated with sewage, the growth rates
are greater and in other localities less than here recorded for La Jolla.
SOURCES OF NUTRITION

At all seasons of the year the greater part of the stomach contents
of all the ciliary-feeding bivalves investigated consists of detritus and
phytoplankton, particularly dinoflagellates and diatoms, together with
much inert material, such as particles of sand, tiny fragments of mollusk shells and small pieces of algae. Included also, but in much
smaller amount, are the more minute particles and organisms mentioned below as forming the principal part of the nutrition. There is
little or no selection from among these particles except for size, although spiny objects are generally excluded.
The water about the mussel and clam beds at the Scripps Institution
of Oceanography is reported to contain an average of about .005 g. of
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Figure 2. Increase In length of Pismo clam as determined by large samples of the populala.tion on the beach at the Scripps Institution of Oceanography taken at monthly Intervals
during two years. All the clams were returned to the same part of the beach after the
measurements had been made. The lower rates of growth In winter and in the month of
August are Indicated.
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total dry organic matter per liter. Some of this is in solution and consequently is unavailable to the mollusks until after it has been converted into particulate or colloidal materials by the action of bacteria
or other unicellular organisms. If all were available and if the average
adult bivalve filters 22,000 liters of water per year, as estimated by
Fox and Coe (1943), there would be a potential supply of 110 g. for
each bivalve. Of this the animal stores 1 to 2 g. in the body and discharges as gametes 1 to 3 g. annually (Table II).
TABLE II.

MATERIALS INGESTED BT CruART-FEEDING BIVALVE MoLLusxs

Inoested
a . Phytoplankton
1. Dinoflagellates ; 32,000 per I., 12 g.•
2 . Diatoms ; 32,000 per I., 1.5 g.*
3 . Bacteria; 45,000,000 per I., 0 .05 g.•
4. Other unicellular and multicellular algae
5. Zoospores and other reproductive cells
b. Zooplankton and nekton
1. Flagellates
2 . Rhizopods and ciliates (including tintinnids)
3 . Reproductive products of invertebrates
Ova and larvae
Spermatozoa
4. Invertebrates and vertebrates
c . Benthic algae and eelgrasses
d . Benthic invertebrates
e. Inorganic and refractory

+
±
+
±
+
+
±

~moested~
Li~ino
Dead
(as detritus )
±

+
±
±
±

±

+

+

±

0

+
+
+
+
+
+
+
+
+
+
+
+
0

• Quantity, where given, indicates amount of dry organic matter potentiall y ingested by
one adult individual in one year. Based on computations b y Fox and Coe (1943) fora single
sea-mussel 70 = · in length filtering 2.5 I. of water per hour or 22 ,000 I. per year.
The sign + indicates generally ; ± co=only, but only small individuals or species ; rarely or not at all.

All the organic matter in the sea, except those refractory materials
such as cellulose, lignin, chitin and others which the mollusks are
unable to digest, may be considered as potential nutrients for both
mussels and clams. These become available either as the constituents
of minute living cells or, more abundantly, as detritus after the death
of unicellular and multicellular animals and plants and the disintegration of their cells. Eventually even the refractory organic materials
may become available through the action of bacteria.
Therefore, the potential food supply will obviously include : A,
phytoplankton, consisting of dinoflagellates, diatoms, bacteria and
other unicellular and multicellular algae and their reproductive cells;
B, zooplankton and nekton, including various flagellates, foraminifera
and other rhizopods, tintinnids and other ciliates, as well as all invertebrates and vertebrates, with their reproductive cells and larvae;
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and for completeness, C, all the benthic animals and plants, since they
supply no small part of the detritus (Table II). It is obvious that the
detritus may be of local origin or brought from a distance by the ocean
currents.
PHYTOPLANKTON

The amount of phytoplankton in the water at the Scripps Institution
pier is highly variable from year to year and even from month to
month. Furthermore, there may be several times as many of the
constituent organisms on one day as on the next or preceding day
because of the ocean currents which transport the water to and from
the area at an average velocity of 4 to 5 miles a day.
In their studies on the nutrition and growth of the sea-mussel, Coe
and Fox (1944) have shown that, during the four years 1940 through
1943, those months and those years with the largest dinoflagellate
populations were generally conducive to the highest growth rate of the
mussels, but that the same correlation did not hold for the diatoms.
Combining the four years gives an average of about 32,000 dinoflagellates per liter, with an approximately equal number of diatoms
(Table I, Fig. 1). The dinoflagellates reached a maximum concentration during May, June and July, with a minimum in January and
February. In those years there was a sharp decrease in August, the
month with the highest temperature of the water, with an increase in
September, followed by a gradual decline during the remainder of the
year. The diatoms, on the other hand, reached a miximum in August,
with a sharp decline toward the end of the year (Fig. 1; Table I).
Over a period of 20 years preceding 1940 there has been a general
tendency for both diatoms and dinoflagellates to reach their highest
productivity at about the same season of the year. For both groups
the period of highest average abundance has been from April to July,
with the lowest average in December and January. For several years
the lowest average was in August, while in other years the highest
average was in that month (Allen, 1940).
Table I, Fig. 1 show that there is some degree of correlation between
the monthly averages of both dinoflagellates and diatoms (particularly
of dinoflagellates) and the growth rates of mussels and clams, but it
should be mentioned again that the dinoflagellates are not utilizable
while living and most of the diatoms are too large for intracellular
digestion. Such correlations as were found in these experiments are
therefore thought to be only indirect and to indicate merely that
environmental conditions favorable to the production of large dinoflagellate populations are likewise favorable to the rapid growth of
ciliary-feeding mollusks. These studies offer additional evidence of
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the complexity and variation of the environmental conditions which
influence the organisms living on the shores of the oceans.
I. Dinofiagellates. The amount of nutrition potentially available
(mainly in the form of detritus) from the principal constituents of the
phytoplankton has been computed by Fox and Coe (1943) for the seamussel, by Coe (1945) for bay-mussel and by Coe (1947) for the Pismo
clam. It was estimated that one of these bivalves, on reaching a
length of 70 mm., would filter about 60 liters of water during its feeding
time each day, or 22,000 liters in a year. With an average dinoflagellate population of 32,000 cells per liter, a total of about 700 million
would be available for each individual during the year. If, as estimated, 60 million cells yield 1 g. dry organic matter, then the dinoflagellates presumably ingested in a year would have supplied nearly
12 g. dry organic matter if taken as detritus.
2. Diatoms. Similarly, the 32,000 diatoms available per liter would
supply only 1.5 g. of organic matter in a year, since these organisms
are so small that 500 millions of average size would yield only 1 g. dry
organic matter. Most of these, as has been stated, are capable of
being digested by the mollusks only after they have become detritus.
3. Bacteria. The water in the vicinity of the clam and mussel beds
contains an average of about 45 million bacterial cells per liter, and
although they are readily ingested and assimilated, they are so minute
that they yield but a fraction of a gram of dry organic matter. It is
quite possible, however, that they may supply nutritive elements not
otherwise available.
4. Other Unicellular and Multicellular Algae. Because of their usual
cellulose walls, algal cells resist digestion by the bivalve mollusks, but
all algae provide nutritive detritus from their cell contents after death
and disintegration. Cryptomonads, phytomonads and some of the
other flagellates are often abundant and small enough for intracellular
digestion. They undoubtedly contribute largely to the bivalves'
nutrition.

5. Zoospores and Other Reproductive Cells of Algae. These are often
very abundant and those that are without cellulose walls are readily
ingested and digested. They also become available as detritus.
Zoo PLANKTON

AND

N EKTON

Only the smallest protozoa are capable of being digested by the intracellular method characteristic of the bivalves, although somewhat
larger forms are readily ingested.
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1. Flagellates. The water often contains vast number~ of v~rious
species of flagellates of so minute a size that they are readily available
in the living condition. Bruce, Knight and Parke (1940) and others
have demonstrated the necessity of these organisms for the normal
nutrition of oyster larvae. It seems reasonable to assume that other
bivalve mollusks may have the same requirements. Only occasional
records are available relative to the numbers of these minute flagellates
in the water at different seasons of the year, but it is known that at
times they may exceed both the dinoflagellates and diatoms in abundance, with more than a million per liter.

2. Rhizopods and Ciliates. With the exception of the flagellates,
most of the protozoa are too large for intracellular digestion, but some
of them produce reproductive cells which are readily available.
Furthermore some of the tintinnids are of the requisite degree of minuteness. All become available after disintegration as detritus.

3. Reproductive Products of Invertebrates. Some of the echinoderms
and other invertebrates in the vicinity of the clam and mussel beds,
including the clams and mussels themselves, set free in the water at
certain times of the year vast numbers of spermatozoa. These are
admirably adapted for intracellular digestion. The ova and larvae of
many species are likewise ingested readily, but since the alimentary
canal is deficient in the protease which would be necessary for their
digestion, their materials usually become available only after cellular
fragmentation. This may occur within the digestive system of the
mollusk.
4. Invertebrates and Vertebrates. The disintegration of the cells
composing the bodies of all the invertebrates and vertebrates of the
vicinity, together with their reproductive cells and larvae, provide,
after death, an abundant detritus which undoubtedly supplies a large
proportion of the bivalves' nutrition. Much of the detritus of local
origin is carried elsewhere by the ocean currents, but this is replaced
by supplies brought from a distance by the same currents.
BENTHIC ALGAE AND EELGRASSES

Detritus from these sources is always available and doubtless
furnishes a considerable proportion of the nutrition after the disintegration of the contents of the cells.
BENTHIC INVERTEBRATES

It. seems p~obable that the vast populations of invertebrates (includrng the bivalves) along the coast provide a greater quantity of
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nutritive detritus from their disintegrated bodies, from their gametes
and from their feces and excretions than all the other organisms combined.
CHEMICAL AND PHYSICAL CONDITIONS

Chemical Conditions. In localities where there are appreciable
changes in the salinity of the sea water, or where toxic substances are
added or developed by decomposition or otherwise, the growth rates of
the mollusks may be profoundly affected. At the Scripps Institution
of Oceanography, however, the rainfall is normally so low as to have
little effect on the salinity, and there are no rivers in the vicinity. As
a consequence, changes in the chemical composition of the water are
too small to influence the growth of the marine invertebrates except
in very exceptional seasons. However, there are occasional periods
when excessive populations of dinoflagellates, usually in midsummer,
may seriously and adversely affect the growth and even the vitality of
the mollusks.
Physical Conditions. The graphs in Fig. 1 and the data in Table I
indicate considerable differences in the growth rates of both mussels
and clams during different months of the year. These appear to be
correlated with temperature and solar radiation, as well as with the
abundance of phytoplankton. The Scripps Institution is situated on
the open coast and is therefore fully exposed to the violence of the surf
at the times of occasional storms, usually in the winter.
Whenever these storms occur, not only do the mollusks remain
closed and stop feeding, but some of the mussels are torn from their
moorings and many of the clams are dislodged by the shifting of the
sand, while others are compelled to change their positions in the sand.
Since the periods of the storms usually coincide with the season of low
temperature, decreased solar radiation and minimum phytoplankton
populations, it has seemed impossible to calculate the effects of each of
these conditions separately. However, the combined effects of these
factors, and presumably others, result in a decreased growth rate of the
clam to about one-third and of the mussels to about one-half of the
rates characteristic of the most favorable months of the year (Fig. 1,
Table I).
TEMPERATURE

Both the mussels and the clams were found to grow most rapidly
when the temperature of the water was from 17 to 20° C. Feeding
and growth continue, but at a much lower rate, at temperatures of 14°
or lower. Experimental evidence was obtained that mussels continue
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to feed at temperatures as low as 7 to 8° and as high as 25 to 26°,
although both these extremes are far beyond the conditions found in
nature at La Jolla. In other regions mussels may continue their
activities at a temperature of 0° or lower.
Loosanoff (1942) found that on the coast of southern New England
the bay-mussel, Mytilus edulis, may remain open and active at
temperatures ranging from - 1.0° to 24.9° C. Feeding continued at or
near 0° C. There was a rather close correlation between growth· rate
and temperature.
Richards (1946) has compared the growth rates of Mytilus californianus at La Jolla, California, with those of M . edulis at Woods
Hole, Massachusetts, with respect to the phytoplan_kton, temperature
and solar radiation. In the latter locality the wmter and summer
temperatures often differ by as much as 20° C. and at La Jolla by 5°
to 8° C. At Woods Hole the maximum rate of growth was in April,
followed by a reduced rate in summer and a marked increase in autumn.
He concluded that the growth rates in both localities are proportional
to the solar radiation but are complicated by changes in food content
and temperature of the water.
In more northern localities, both on the coasts of Europe and North
America, the annual increment in size is greatly decreased as compared
with regions farther south where the temperatures favorable for rapid
growth are of longer duration.
On the coast of Norway the growth of the horse-mussel (M odiola
modiolus) is even slower than that of any of the species mentioned
above for localities where the water is considerably warmer. Wiborg
(1946) found that the annual increase in length of the young mussels
was usually only 6 to 10 mm. a year, with an observed maximum of
15 mm. Individuals 8 years old had an average length of 55 mm.,
those 10 years old measured 65 to 79 mm., and those 18 years old 98
to 118 mm. Growth was comparatively rapid from July to October
but almost ceased as the temperature fell to a minimum during
December to April.
SOLAR RADIATION

It is obvious that photosynthesis, and consequently the growth and
multiplication of the phytoplankton, is largely dependent on the
amount of solar radiation. At the Scripps Institution of Oceanography the incident solar radiation, or insolation, in terms of gramcalories cm2 per day in the years under consideration reached a maximum in May and July and a minimum in December (Fig. 1; Table I).
The abundance of phytoplankton, as well as the growth rates of the
bivalve mollusks, follow somewhat similar curves but with many
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variations for these two years. The similarity of the curves would
undoubtedly be increased over a longer term of years.
The graphs (Fig. 1) show that while the solar radiation reached a
minimum in December, the lowest populations of phytoplankton occurred one month later, as did also the minimum growth of the seamussel. The minimum for the bay-mussel and the Pismo clam was
delayed until February, due in part to the influence of storms and the
accompanying heavy seas. The maximum solar radiation in May was
accompanied by the maximum growth of the sea-mussel. This was
followed one month later by the maximum abundance of dinoflagellates
and by the most rapid growth of the other two species of bivalves.
The maximum population of diatoms in August in these two years
likewise followed the maximum solar radiation in July. This was
exceptional however, for, as already mentioned, the maximum abundance of diatoms more often occurs in April, following a high period of
solar radiation in March and the accumulation of inorganic nutrients
during the winter.
SUMMARY
Recent investigations on the nutrition of ciliary-feeding bivalves
confirm the evidence that free starch and glycogen are digested in the
stomach by enzymes secreted by the cells of the style-sac and incorporated in the style. The gastric juice also contains a small amount of
cellulase, but this is inadequate for the complete digestion of dinoflagellates and other phytoplankton with cellulose walls.
All, or nearly all, the rest of the nutrition is derived from the digestion of minute cells and particles within the cells of the digestive organ,
supplemented by migratory phagocytes in the alimentary canal. A
large proportion of the nutritive materials consists of detritus derived
from the disintegration of the cells of unicellular and multicellular
plants and animals.
A considerable degree of correlation is found between the growth
rate during each month of the year and the food supply, temperature,
solar radiation and other environmental conditions.
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