4, —THE FOOD OF THE OYSTER, CLAM, AND RIBBED MUSSEL.

By Joux . Lorsy, P, D,

During a stay on the James River, Virginia, in the summer of 1892,
I had hoped to study the food supply of both the young (embryonic)
and the adult oyster, but as the season was too far advanced to allow
the collection of any embryos only the latter part of the investigation
proved feasible,

Collections were made at many places on both sides of the James
River from Newport News to Old Point Comfort, specimens being
obtained from both natural and cultivated beds, from muddy and
sandy bottom, and from piles and stones, especially around Fort Wool
ou the Ripraps. They were taken from various depths, some being
gathered on a bottom left exposed at low tide; others were obtained
which did not grow on the bottom, but which were, so to speak, sus-
pended in the water near the surface, attached to piles and rocks, also
exposed during low tide; still others were collected from deeper places,
never uncovered by the tide, growing either on the bottom or on per-
manently submerged stones and piles. To determine whether any
changes in the food supply were dependent upon the season of the year,
material was obtained daily from the beginning of June until the end
of September, and whenever an opportunity offered shipments brought
from farther up the river were examined to sce if the greater amount
of fresh water there present had any influence on the character of
their food.

Before entering further into details it is necessary to note that the
oyster is constantly ingesting a stream of water, which, passing the
mouth, brings near and into this always opened organ all the objects of
greater or less size coming within the influence of this stream. The
mere preseunce, therefore, of’ particles of various organic matter in its
stomach, even in great quantities, does not indicate that the oyster
uses them as food, but only proves that these particles were present in
the surrounding water at the time of ingestion. This is a consider-
ation too often overlooked. If an animal of the structure of an oyster
be placed in a bucket of water in which is suspended & great number
of carmine granules, these granules will doubtless be found in the
stomach of the animal after a certain length of time, yet nobody would
claim that they were the food of the oyster. A similar thing occurs in
nature. In the many oysters which I have opened and of which 1
investigated the stomach contents 1 never failed to find numerous
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particles of sand. The finding of some animal or plant or other object
in the stomach of the oyster does not prove that it composes any part
of its food supply, no matter how numerous the form may be in indi-
viduals, but it can only offer a suggestion for further investigation. In
order to demonstrate which of these various objects serve as food, it is
necessary to prove not only that they are ingested, showing a possible
source of nutriment, but also that having passed through the digestive
tract only the indigestible parts remain. To conclude from the fact
alone of the occurrence of any animal or vegetable in the stomach of
an oyster that it forms a part of its food is no more justifiable than to
affirm that the fishes brought up by a water-wheel are food for the
wheel.

The method followed by me in studying the stomach contents of the
oyster was as follows: The oyster was carefully opened, guarding against
any injury from the knife except the separation of the muscle which
connects the two valves of the shell. The oysters were, as a rule,
examined immediately after-being taken from the water, usnally within
fifteen minutes, and very rarely after as long an interval as two hours.
After separating the gills at the oral extremity with a scalpel, so that
the opening of the mouth was exposed, the tip of a finely drawn-out glass
tube having a rubber ball at the other end was introduced into the stomn-
ach. The contents of the stomach were now sucked out by removing
the hand from the hitherto compressed bulb.

The contents of the stomach of an oyster which has recently fed—in
other words, of every oyster collected when the shells
a beautiful dark-golden color. A drop of this material obtained in the
manner described above and placed under the microscope for examina-
tion shows that the stomach of the adult oyster contains a large number
of diatoms, embracing a great many species. The constant oceurrence
of these forms in great quantities suggested the possibility of their serv-
ing as food. In addition to the diatoms a quantity of decaying organic
matter at least equal in amount, and also of some of the lower alg,
besides sand, ete., were often found. Rhizopods, a few euglenas, an
occasional foraminiferum, and other animals of lower grade were seen,
but only once was a copepod found; in fact, animal life was practically
absent.

An idea which early occurred to me was the importance of examining
simultaneously the stomachs of the other common bivalve mollusks of
the James River, to see if any uniformity in the nature of the food in
‘this uatnral group could be detected. With this object {he stomachs
of the hard clam or quahog (Mercenaria mercenaria), of the soft clam
(Mya arenaria), and of the ribbed mussel (Modiola plicatula) were also
examined. In all of these species the contents.of. the stomach were
found to be the same as in the oyster.

The first question to be settled was whether or not the oyster and
these other mollusks actually digested the diatoms found in their
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stomachs; and, second, what part of the additional decaying organie
matter was digested. It was possible, for example, that the diatoms, if
abundant in the surrounding water, were merely ingested and would
pass the intestinal canal unchanged, while the decaying organic matter
might be digested. In order to settle this point, several oysters and
clams were placed in separate glass dishes, their shells being previously
carefully cleaned with a brush. The sea water in these dishes was
either naturally very pure or strained through filter paper; after a few
hours a considerable quantity of fieces was deposited in the dishes.
The excrements of the oyster, as well as those of the mussel and soft
clam, are well formed, consisting of a hollow tube or of a solid rod of
excrementitious substance; the amount of sand in them is enormous,
forming by far the greatest bulk.

The cell walls of the diatoms, on account of the silica which they
contain, are indigestible; for this reason it was easy to determine with
aceuracy whether digestion of the diatoms actually took place, as it
had been previously ascertained that very few empty shells of diatoms
were present in the stomach, by far the greater number being in fresh
condition. The examination of the excrements under the microscope
showed that the decaying organic matter had passed through the ali-
mentary canal entirely unchanged. At first it seemed as if the diatoms
also were very imperfectly digested, but soon it became evident that
this was an error based on superficial examination, since the undigested
diatoms were more couspicuous on account of their coloring matter,
while the delicate transparent shells of those which had been digested
escaped observation. To avoid this error the following method was
adopted: The excrements of a certain number of oysters or clams were
collected, broken up in water, and well mixed. From this average
sample two preparations were made and in each of these twenty-five
fields selected at random were counted. I have tabulated below the
results of the examination of two such samples. The great difference
in the number of diatoms present in each field is due to the fact that
the samples were very difterently diluted with water.

In Column I, under “dead,” is recorded the total number of dead
diatoms observed. The letter d following a number indicates that not
all the diatoms were completely digested, although by far the most
were nearly so, only a little of the coloring matter remaining.

Column II shows the number not entirely digested, and the difference
between the numbers in the two columuns indicates in each instance the
number in which only the clean silica skeleton remained.

Tn noue of these cases was the additional decaying organic matter
digested. The numbers of individuals examined being very diﬂ'erent,
having been taken from different localities and representing different
genera, the fact that the results coincided so closely in the proportion-
ate number of digested and undigested diatoms seems to indicate.a
very complete digestion of the ingested diatoms in.this group.
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Average sumple of the ercrements of 21 oysters, collected on plants of Mr. Cock, in shallow
water, Hampton Creek, Va.

Preparation No. 1. Preparation No, 2. .!
I'I:.‘g'l | Dead. | Dead. ' Results.
* . Living. - : Living.,
! Col. T. Col. II. i Col. I. " Col. 1.,
' 1
1 | 0 7 1d 0 12 7 1d | Results of Preparation No. 1:
e 1 2 13 6d 0 21 3d Per ct.
3 1 4 ..l 0 16 2d Living..ooeooiiiianan 1.5
4 0 8 ... 0 20 ... [ Nearly digeatod. . .12
5 1 8d 1d [ 1d Entirely digested............ 187
6 0 10 oL 0 20 ........ .
7 0 7Tl 0 20 sd |
8 o | 13 1 g 0 28 4d
9 0 4 d 0 29 3d | Results of Preparation No. 2:
10 0 12 L. 0o . 27 4d | Living........ooiaiiiil 1
11 0 14 4d | I T} 2d | Dead ... 99
12 0 16 4d 0o ! 8 1d —
13 0 . 14 1d [ T 2d Entirely digestod............ 85
woloo | ud o | 18 3d | Nearlydigestod.. T4
1m0 15 0 1 10 1d . Livingeeoeoioeeaaan Ll 1
16 0 13 0 15 2d —_—
17 0 16 0 12 4d ! Total ..ol 100
18 0 1 15 2 I 3d | ===
19 1 35 0 l 38 3d ! Average from the two prepara-
20 0 20 0 14 7d tions:
21 0 11 0 23 3d | Digested..oooooaceeeena..... 90
2 ;.0 17 1] 24 4d . Entirely . 86
23 0 14 0 12 2d Nearly - 138
24 | 0 13 0 S 2d . Living.ooooeeieananiiiao 1
25 0 11 1 ! 28 - 3d ' —_—
—_ rmee = ——een | —ee e I Totaloooniioniiiriiannen, 100
=5 | 322 = 2R44-38 3 ; 475 =2412463
Living 1.5 Entiraly di- ;
per cent. i gested 87 per :
: ! __cent. |
Noarly di-
gented. 12 per
cent,

* Theso fow living diatdms might have been derived fromn the sea water used for breaking up the
oxcremeonts. All five belonged to the samo species, and as diatoms have & motion of their own it is

possiblo that the same individual figured in cach case.
 Tlte arhaller spocies were all entirely digested, so that they scom to offer the best food for the oyster.

Average sample of the excrements of 17 oysters, collected by Mr. R. Armstrong 10 miles up the
James River from Newport News, I'a.; decp water.

i Preparation No. 1. Preparation No. 2. .
F{f’ld : Dead. I ) Dead. ! Results.
=7 Living. - iLiving, =« e
| Col. I.Col. IL.| ,Col. L. Col. 1L,
JE —_— N f——— - L
1 ! o o3 o ! g [ | Results from Preparation No. 1:
2 0 4 0o ! 8 1d Per ct.
3 0 5 0o I 2 Entirely digested............ 85
4 | o 2 0o 1 3 Nearly digested .. 1
5 1 0 3 0 3 Living..... 1
6 1 2 0 2 —
7 | 0 6 0 1o Total ...l 100
g | 0 2 0 4 —_—
9 0 2 0 2 | 2d |*Results from Preparation No, 2:
10 0 5 0 2 Entirely digosted
11 0 4 0 2 Nearly digested
12 0 4 0 2 Living........oo..o....
13 o 5 0 3
14 0 3 0 . Total ..ol 100
15 0 2 0 2 - e
16 0 P 0 3 -|| Avernge from the two prepara-
17 0 4 1] 1 : tions:
18 0 3 0 3 Digested...........o.ooooo..L 99
19 0 2 0 2 Entirely ... B5.
20 0 1 0 2 Nearly.. .
2] 0 4 0 1 Living. oo, 0.5
22 0 6 0 2
23 0 ' 3 ¢ 3 Total ........ e 100—
24 0 4 0 b
25 0 1 0 2
, 1 : 822270412 | 0 354 4-9%

'Euormou-s quantit;)-' of sand and reany big species of diatows.
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Average sample of the excrements of 4 clams, collected on the flats at the Soldiers’ Home,
Hampton, 'a.

! Proparation No.1. | Preparation No. 2. i
——— e T o
F}{'e;d i ; Dead. I' i Dead. I: Results.
© |Living.|--———~- = —[Living.-— — - .7
Col. 1. |Col. L. | [ Col. I. I(Jol. 1|
JRSRSY SN VSR PR S . R
1 1 0 | 2 l --------- Results of I'reparation No. 1:
2 0 0 1 L
3 0 [ Living ..o oot
4 0 o | ¢ Entirely digested .
5 0 0 1 Nearly digested ..
6 0 o 1
7 0 (i} i 2
8 0 o 1
9 1] 0 : 1
10 0 0 4 iving. .ol
1 0 o 4 Entiraly digested.
12 0 0 ;oL Noarly digested.......c........
13 0 o o
o0 0 1 1d || Total..........oeeiiil...
15 0 o ! 1 . —
10 0 0 | 5 !| Average:
17 0 0 2 Digested...eenieeeneeneenn.. .. 29
18 0 [ Eutire] . 84.5
19 0 0 2 Nearly. . 14.5
20 0 0 0 Living
21 0 0o 1
22 ¢ 0 1 Total
23 0 a0 |2
24 0 i . [} ! 1 P
25 0 p [ | 2 -
1+ 55 =40+ HE] : 8 .
| e |

* Probably derived from the sea water used to broak up the excrements.

There was another possible kind of food yet to be considered,
namely, such substances as might be in solution in the water in which
the oyster lives. The oysters attached to the stones of the Ripraps,
which also showed their stomachs full of diatoms, are surrounded by
perfectly clear water, but from a large number of chemical analyses
which I have made of similar water on former occasions, after having
strained the diatoms, etc., out, I am convinced that hardly a trace of
organic matter is to be found dissolved in it, so that this possible source
of tfood can be entirely excluded.

After having determined in this way that the food of the oysters
and clams in the James River cousists practically of diatoms, the
question presented itself, Where do these diatoms come from? The
use of the common Miiller’s pelagic tow net revealed their presence at
the surface of the water in enormous quantities, and no difference
could be detected in their numbers or distribution during the daytime
or nighttime. The occurrence of diatoms in such numbers at the
surface explained well their presence in the stomachs of the oysters .
attached to the stones and piles submerged only a littlo under water,
but this could not account for their presence in those living at the
bottom in deeper places, where even at low tide considerable water
remained. It was thercefore thought advisable to collect at different
depths in order to study their perpendieular distribution from the
surface to the bottom. The result showed that they occurred in equal
quantity at all depths up to 70 feet, whicl, according to the official
maps, is the greatest depth found at the mouth of the James River.
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The idea is commonly held that the soft organic mud on the oyster
beds stimulates the growth of diatoms, but a microscopic examination
of specimens of mud taken from different oyster beds revealed the fact
that they were apparently not more numerous in such places than on
the sandy botfoms similarly situated, provided that they were contin-
ually covered with water. On the other hand, those muddy places
which are left dry between the tides were found to be much richer in
diatoms than similar sandy places. The species living on the bottom
apparently difiered from the pelagic ones, but their presence in the
stomachs examined mdicates that they also served the oyster for food.
These observations were made at places where the current was strong.
They do not, therefore, by any means preclude the possibility that in
stagnant or slowly flowing water muddy banks may form a much
better soil for diatoms than sandy ones. The fact that they are more
numerous on muddy bottoms near the shore which are left uncovered
by the tide even indicates this. We might account for the facts above
stated by supposing that the diatoms are swept along so fast by the
stroug currents that they have not time to settle on these mudbanks,
and might perhaps also thus explain the controversy between oyster-
growers as to whether muddy or sandy bottoms furnish the most favor-
able places for planting. That sand is sometimes preferable we learn
from the following quotation from Professor Brooks’s oyster report.
‘Within the harbor, for instance, considerable “muddy bottom has
been utilized by first paving it with coarse beach sand. No spot where
there is not a swift current is considered worth this trouble.”

This, of course, i8 in complete harmony with our facts, since the
stronger the current the more food that is offered. That there is an
abundant food supply for oysters on sandy bottom is proved by the
fact that the clams, living upon the same food as the ovsters. are often
found on pure sand flats.

The fact that the mud bank, on microscopic examination, did not
prove to contain more diatoms than the sand did not seem to furnish
sufficient evidence on which to base an opinion as to the stimulating
power of the mud on the growth of diatoms, as this might possibly be
perceptible in the greater quantity of diatoms in the water above. To
determine this, diatoms were collected from the water over mud banks
and also from over pure sand and the results compared, but no per-
ceptible difference could be detected. The instrument used for this
purpose was a Miiller’s net secured firmly by means of two strong
wooden poles to the dredge in such a way that it was immovable. The
poles “A” are of strong wood. Two incisions are made in these, extend-
ing about half way through the wood at the points « and b in such a
manner that the iron bars D of the dredge fit perfectly in them. A
crosspiece C is now screwed on, so as to retain the poles at an angle of
about 45° with the bottom when the dredge is lying on it. The net is
fastened between the poles near the top, the ring fitting into incisions
in either side, enough space being allowed between them and the top
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for the usual rope of the net to be firmly wound around it in order to
keep the latter in position. This arrangement allows the use of both
net and dredge separately or together with very little trouble or
expense. When the apparatus is in use, the dredge is drawn along
on the bottom in the direction of the arrow, while the net is held about
a foot above the bottom and a few feet in front of the dredge, so that
the mud stirred up by the latter does not interfere with the net, and in
the latter only those objects are taken which are normally suspended
in the water passing over the mud bank.

In order to study the diatoms over as wide an area as possible,
collections were made daily from Newport News down to Hampton,
and even from points several miles outin the bay. From these catches

about 50 species of diatoms were drawn on the spot. For staining the
diatoms, tho lower alg®, and other low forms of life, I employed the
method described farther on, which I think offers some advantages
worthy of consideration. Several jars full of diatoms were preserved
and carried to Baltimore for classification. I have not, however, been
able to find a reliable work on the classification of American diatoms,
and as specialists assure me that such a one does not exist, this plan
had to be abandoned, since the time at my disposal just now does not,
permit me to undertake it. Nevertheless, such a classification would be
of great value, and if the necessary collection of ‘diatoms from different,
points of the American coast could be obtained to enable such a work
to be done on a broad basis, it would also pay from a practical stand-
point. It would be of great interest to so determine the habitat of the
different species as to ascertain which grow on the bottom and which
are freely suspended in the water. At the same time a careful study
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of the life-history of the diatoms should be made. It does notseem to
me that it wonld be very difficult to fatten oysters by bringing them
into ponds in which a large quantity of diatoms had been developed
under favorable conditions. To accomplish this satisfactorily, however,
a closer study of the life-history of this group would be necessary.

The quantity of diatoms which may be seen on a bottom near the
shore, for example, does not in the least furnish us with a basis for
measuring the amount of oyster food there present, as many of these
forms are firmly fixed to the bottom, and so, of course, are entirely use-
less for that purpose. Sinceitis well known that too much fresh water
kills the marine diatoms, a careful study of the influence of fresh water
upon them would be necessary in order to determine the most promising
places for oyster-culture in our rivers. My station last summer, so near
the mouth of the river, was not well fitted for this, but I was able to
show that oysters coming from 15 miles farther up the river containec
in their stomachs the same species of diatoms as those collected around
Newport News, or even around Hampton.

As the water surrounding the habitat of the oysters contained,
besides diatoms, a great number of copepods, it seems strange that
these were not found in the oysters’ stomachs also, as the stream of

rater ingested by the oysters was certainly strong enough to draw the
copepods into their mouth along with the other floating particles.
The idea naturally suggested itself that perhaps the oyster might
possess a power of discrimination between the higher and more active
animalg, such as copepods and the lower foraminifera, and especially
the diatoms, although the faet that its mouth is continuously open
does not favor this view. It was thus thought advisable to make some
experiments bearing upon this subject. As copepods were not to be
obtained easily in pure cultures, it was thought that a substitute for
them might be found in finely hashed fish, or, better still, shrimps. Tt
might safely be assumed that if oysters should prove to be able to
discriminate between such a food material and diatomns the chances are
that they would still more readily distinguish the latter from the
actively swimmiug copepods, since the presence of these would be
morc readily detected by their movements.

Such a fact, however probable, conld not be demonstrated, but the
question which could and should be determined by this method was:
Do the oyster and tbe other bivalve mollusks possess in general a
power of discriminating between the different kinds of food offered to
them? For this purpose it was necessary to obtain, in the first place,
cultures of diatoms in which animal life was absent. Since diatoms
have never hitherto, so far as I am aware, been obtained in pure cul-
ture, some experiments had to be made to accomplish this. I was able
to obtain very good cultures, though not pure ones; the latter not
being attempted. It seems to me that it would be easy by the method
which I employed to obtain cultures of a single species, only contami-
nated by bacteria. The method was this: Some sea water was placed
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in an Erlenmeyer flask with a little of the pelagic catch added, in
order to give it the necessary elements for the growth of the diatoms.
The flask was then plugged with cotton and sterilized by boiling.
Afterwards, when it had cooled, o few drops of the pelagic catch con-
taining but a few diatoms were introduced into this sterilized medium.
After some days small colonies of diatoms appeared on the wall of the
flask, especially on the side turned toward the light. One of these
colonies was removed by means of a sterilized platinumm needle and
introduced into another Erlemeyer flask containing the same medium,
This enlture was afterwards used for experiments,

The experiments were carried on in the following way: A hash of
fish and one of shrimps was suspended in water, the suspension con-
taining particles not larger than a copepod. Clams were first used
for the experiments. A culture of diatoms in sufficient quantity to
cause a small, well-defined cloud in the water was offered to them by
means of a fine glass tube, the end of which was brought close to the
ventral opening of the siphon, care being taken (sce figure! not to

touch it. The culture was now allowed to flow through, and soon
disappeared in the opening of the siphon. Many such cultures were
accepted by the clam, but when similar experiments were made with a
bash of fish, the result was either that the opening clused as soon asthe
particles of fish touched it, or the suspension was accepted as before,
but almost as soon as taken it was forcibly ejected and often thrown
to a distance of six or seven inches. The shrimp hash was rejected in
the same manner.

When soft clams were used, the same results were obtained, and when
the hash was brought between the open shells of the oyster, the same
phenomena were observed, the suspension being rejected and the shells
immediately closed, while the diatoms were readily accepted. Thongh
these experiments were repeated over and over again, I always obtained
the same results with a single exception in the case of a soft clam, an
individual apparently without o discriminating taste, which accepted
a great quantity of the hash, but finally rejected it also.






