IV. CONDITIONS GOVERNING EXISTENCE AND GROWTH OF THE
SOFT CLAM (MYA ARENARIA).

By James L. KiLLOGG,
Professor of Zoology, Williams College.

An oxamination of any extensive clam-flat will reveal the presence
of clams only in certain localities: This would be true where digging
bad not been excessive, or even where there had been no digging. It
perhaps would be impossible to-day to find large flats which are not
dug, but if it were possible, clams would be found only here and there,
large parts of the flats being barren. Cortain areas, too, bear clams
for a number of years, and then become barren, even when not dug
excessively, and this might happen if they were never molested. We
may sometimes witness, also, the gradual appearance and establish-
ment of clams on patches of bottom which had previously been unpro-
ductive for long periods.

Without taking into account the all-powerful human factor, we may
believe with certainty that the clam perpetuates itself only by over-
coming many adverse circumstances, or more properly, by being able
to take advantage of favorable conditions when they happen to arise.
It of course is true of all organisms that they require, for existence,
certain very definite und often complicated conditions in their sur-
roundings, and that they will not be found where the peculiar combi-
nation of required circumstances and conditions is not present. Wec
search for a certain species of violet not on open unshaded marshes,
nor in high sandy woods, but in the rich earth of woods which contains
a large amount of moisture in the spring when the plantis in blossom.

In looking out over a great expanse of sand which is exposed at low
tide one is impressed with its monotony. There is here no contrast
of light and shade. There are no elevations, and nothing to suggest
ravines or valleys except the narrow gutters which carry oft the last
of the retreating tide. It requires a closer scrutiny to reveal any
vegetation whatever, though it is present in places, and plays, as will
be shown, an important part in determining the existence of the clam.
Everything seems to be equally and monotonously exposed, and flat
and barren. Yet the conditions are not by any means the same in all
parts of the flat. The variations in character of bottom and tide ave
80 great that clams may exist in one spot, the boundaries of which are
sharply drawn, and may not live in others.
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While we know in a general way some of the conditions that are
necessary for the existence of certain animal forms, it is strange that
they have not been more closely studied in specific cases among animals
which are not domesticated. We bave many reasons for the belief
that these factors are often excessively complex, and hence difficult
to discover. No doubt even a superficial study, however, would reveal
in most cases many facts which would be worth knowing concerning
the creature’s relation to its environment.

There are two reasons for giving here a brief account of some obser-
vations upon the conditions controlling and determining the clam’s
existence. These few observations relating to the environment, though
they leave much to be learned, may be of some biological interest, and,
in the second place, they seem sufficient to formulate a plan for clam
culture, which, in the now depleted condition of our clam shores, is
certainly needed. They are not all included under one heading, but
are scattered through the following account,and concern both the
natural open flats and the isolated localities where the young sometimes
collect, in enormous numbers, only to be destroyed. The conditions
determining the possibility of mere existence, as well as those which
allow the most rapid growth, have been studied more carefully in
artificially constructed beds.

CONDITIONS OF NATURAL GROWTH ON BEACHES AND FLATS.
CHARACTER OF THE BOTTOM.

The sotl must be somewhat tenacious.—It is impossible for clams to
exist where there is much shifting of the bottom. The animal is
buried deep, and reaches up to the surface only by its siphons.
When foreign bodies, even sand grains in sufficient number, touch the
sensory tentacles at the opening of the incurrent siphon, the whole
organ is withdrawn for a greater or less distance into the burrow. It
is probably true that a few sand grains coming in contact with the
ends of the siphons will not cause their retraction, for we usually find
more or less sand in the digestive tracts of clams which live on sandy
flats. A larger quantity, however, will cause a withdrawal, and into
the opening thus left sand may collect and, settling closely, so effectu-
ally close it that the siphons can not again be pushed up to the surface.
Deprived of the food and oxygen-bearing stream of water, the clam
quickly perishes. :

Planting experiments will fail unless great care is exercised in
selecting a bottom which does not shift. A certain bank on a large
flat is recalled, which is said formerly to have yielded many clams.
Its surface showed ripple marks, but clams were recently planted on
it and at once were smothered. This experience also shows that con-
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ditions change, so that tracts once favorable for clams may no longer
support them. The nature of some of these changes will be mentioned
later.

Clams are sometimes found in beds of almost pure sand, but in such
cases the water currents disturb the bottom very little. Even when
established in such localities, however, their condition is precarious,
for a gale or an unusually strong tide may at any timcoverwhelm them.
Such a destruction has often heen noticed. In this connection it may
be stated that very slow currents sometimes prevent the existence of
clams by depositing fine silt which they hold in suspension; this on
settling has the same effect as shifting sand. Of course not all slow
currents deposit, for many times they carry little or no sediment. At
the heads of cstuary-like arms of the sea which receive fresh water
streams, one often finds such a deposit of mud, in which clams are not
living, although clam food may be present in large quantities.

As in pure sand, so also in nearly pure mud, clams are sometimes
present; but here also the action of currents and waves disturbs the
bottom very little, and there is no very active deposition of silt.

Cementing substances.—(a) Fine sediments. The surfaces of clam
beds are tenacious from several causes. When sand is mixed with
fine sediments, its grains are held by this cementing substance. Clay,
the finest of sediments, resists the erosive action of water to a con-
siderable degree, and it is often found in more or less abundance on
clam flats. Much of the best ground on a clam flat is often a tcna-
cious mixture of sand and fine sediment.

(b) Growth of algee. Another very important agency in rendering
the surface tenacious, and thus preventing the shifting of its particles,
is the growth of alge, which forms a close, thin mat over certain areas,
which are sometimes very extensive. The presence of the alge gives a
flaky or cake-like appearance to the bottom. It does not extend deep
into the sand, but binds the surface grains closely enough to prevent
their movement even by strong currents. This firm dark-green crust
has been scen on beds in many localities, but the plunts composing it
have not been identified. Whether the growth occurs only where cur-
rents are swift bas not been determined, but certain localities have been
noticed to have this covering where the tide rushes with much force.
This combination of firm bottom, which prevents erosion, and swift
current, bearing abundant food, seems to afford the best conditions
for clam growth.

(¢) The growth of thatch and celgrass. The growth of thatch plants
or eclgrass may convert & waste of sand into a clam bed. Thatch is
found onmany beaches between tho tide lines, and also covers large
parts of clam flats. The plants grow close together. Their blades
rise to a height of 2 or 3 feet, and their roots form a feltwork beneath
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the surface. As the conditions of the bottom change from year to
year the growth gradually spreads from one place to another. In
this mass of vegetation clams are often found in numbers, even when
the soil is almost pure sand and the currents are swift. The reason
that they are able to establish themselves is that the growth of so many
plants prevents any shifting of the bottom, and still does not interfere
greatly with the food supply.

On account of the long wire-like roots it is very difficult to dig these
tracts, and in view of the sadly depleted condition of our beaches and
flats the circumstance is a fortunate one, for there is preserved in
these beds a supply of breeding individuals which, if proper methods
are employed, may reestablish areas rendered barren by excessive dig-
ding.

Figure 1 shows a clam bed artificially constructed in an immense
field of thatch by removing the vegetation. Many of the roots of the
plants still remain, bowever, and hold the soil firmly. Figure 2 rep-
resents a few feet of the surface of this bed, the numerous siphon
holes indicating the great number of young supplied by parent clams
living in the undisturbed thatch.

In the eelgrass, which grows between the tide lines as well as below,
clams may also sometimes be found, but they are not numerous. Like
the thatch, the eelgrass prevents the erosion of the bottom, but also
probably makes it impossible for the clams to obtain a large amount
of food, and, moreover, such areas contain & large amount of decaying
vegetable matter.

FOOD AND WATER CURRENTS A8 CONDITIONS OF CLAM GROWTH.

The food of clams is chiefly diatoms. Many species of these micro-
scopic plants are attached to solid bodies, but those used by the clam
for food swim and float in the water. Their number is enormously
great, and their distribution apparently as wide as the seas, for they
occur not only in all the shallow coast waters, but in the depths of the
ocean as well. They form the food of many marine animals, but prob-
ably no forms are more completely dependent upon them than the
group of mollusks to which the clam belongs. If one should follow
a coast line, examining the water in every small bay and off every
point, in every pool and eddy, and every swift stream, he would prob-
ably find diatoms constantly more numerous in some localities than in
others. The reasons for this may be that salts in solution, which the
diatoms use for food, are in greater quantity in one place than in
another, and the differences in temperature affect the rate of reproduc-
tion, though this is usually a matter of some days. But whether or
not ‘clam food in a given volume of water is more abundant in one
place than in another, some of it is present everywhere, so this condi-
tion of clam growth may be regarded as a constant one.






