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OYSTERS AND METHODS OF OYSTER-CULTURE.

By H. F. MOORE,
Assistant, United States I'ish Commission.

INTRODUCTION.

This paper is designed to briefly set forth the principal facts relating
to the subject of oyster-culture in the United States. 1t embraces the
practices of proved commercial value as well as a summary of the
methods and results of investigations which appear to give some prom-
ise of utility in certain places and under special conditions, or which
indicate the lines along which profitable experiment may be carried on.
It is intended primarily as a guide to those persons who are exhibiting
an interest in the subject and who contemplate embarking in the
industry, yet hesitate on account of unfamiliarity with the methods
employed. To aid such persons to a more thorough understanding of
the problem involved, certain matters are considered which do not
strictly appertain to the practical side of the subject, but which may
assist in explaining observed phenomena or in indicating the lim-
itations and possibilities of experiment. Such are the chapters on
development and anatomy. :

Attention is directed chiefly to the eastern oyster, which is the species
of principal, one might almost say only, interest in this country, and,
practically, the great problem of oyster-culture applies to it alone.
For comparative purposes, however, and to round out the information
presented, it has seemed advisable to incorporate some facts regarding
the native oysters of the Pacific Coast.

DISTRIBUTION.
ATLANTIO COAST.

Upon the eastern coast of North America there is but one species of
oyster, Ostrea virginiana, which occurs along the northern side of the
Gulf of Mexico, on the Atlantic coast from Florida to Cape Cod, and on
the southern and western shores of the Gulf of St. Lawrence. In
Massachusetts Bay and on the coast of New Hampshire and Maine it
does not now ocecur, though it was found in abundance locally at the
time of the settlement of the country, and the former existence of beds
of great extent is indicated by the vast quantities of the valves in the
ancient Indian shell-heaps. Oyster fisheries are located in every coast-

wise State from Texas to Massachusetts and in the Maritime Provinces,
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the most important being in Chesapeake Bay, mainly upon the natural
beds, and in Long Island Sound, principally upon planted grounds.
The Canadian oyster-beds are much depleted, and an effort is now
being made to restore them to a productive condition.

PACIFIO COAST.

Upon the western coast of North America there are five, and perhaps
six, recognized species of oysters, but only two of them are of present
importance.

The eastern oyster was planted in San Francisco Bay about 1872 and
has there formed the basis of a somewhat important industry ever
since. The supply has been maintained by the annual planting of seed
oysters from the east, and while the species appears to be propagating
itself to a limited extent, no reliance has been placed upon this fact
for the maintenance of the beds. The United States Fish Commission
has recently planted oysters in Willapa Bay, Washington; Yaquina
Bay, Oregon, and Humboldt Bay, California, but it is still too early to
say with what success.

The native oyster (Ostrea lurida) of California, Oregon, and Washing-
ton is found at various places on the coasts of the States mentioned,
but attains its greatest size and perfection in Willapa Bay. 1t is much
nferior to the eastern oyster in size, but its flavor is esteemed by many.

In the Gult of California is found a large species, Ostrea iridescens,
which resembles the eastern species and is an object of some trade in
the adjoining portions of Mexico. Attempts have been made to intro-
duce this form in the markets of San Francisco, but the mortality en
route has been large and the venture unprofitable.

Two smaller oysters, Ostrea palumea and Ostrea palumea glomerata,
are also found in the Gulf of California.

DESCRIPTION.
EASTERN OYSTER, OSTREA VIRGINIANA.

The shell of this species is generally elongate, but varies much with
age and the conditions under which it grows. In the younger stages it
is often nearly round, with ear-like projections on each side of the
hinge and stout radiating ridges near the margin, thus bearing some
resemblance to the European oyster. In shells which are actively
growing there is a broad fringe of yellow cuticle around the edge of the
valves, which, however, soon becomes thickened by a deposit of lime.

The shell is subject to great variation in thickness, but it is rarely
so thin as in the Pacific coast oyster. The exterior is marked by
laminations and more or less concentric lines of growth; it is often
covered by a yellowish cuticle, but is sometimes white and flinty in
appearance. The inside of the shell is generally white, somewhat
tinged with purple near the margins, and with a more or less pearly
luster. The muscular impression is generally nearer to the posterior
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margin than to the hinge; it is a well-defined scar, kidney-shaped in
specimens of ordinary size, but becoming more elongate in very large
individuals; in young specimens it is pale, but it afterwards becomes
purple or almost black. The left or lower valve is deeply concave
within, the upper valve being flat or, usually, slightly concave. The
animal portions are large, nearly filling the shell, and the mantle border
is comparatively narrow. (Plate Vv.)

PACIFIC COAST “NATIVE,” OSTREA LURIDA.

The shell of this species is thin and irregular, varying in shape from
almost round to elongate elliptical; the surface is sometimes laminated,
but is never ribbed; the color is variable, being sometimes purple,
sometimes dirty green or gray; the inside of the shell is greenish,
sometimes tinged with purple. The muscular impression or scar is
purple, but paler than in the eastern oyster, and its greatest length is
usually longitudinal rather than transverse; it is situated about mid-
way between the hinge and the lips or nibs of the shell, and its ventral
margin is usually prolonged toward the binge. There is rarely a well-
defined pit or excavation beneath the hinge, the inner face of the shell
sloping off gently from the ligament. The lower valve is deeper than
the upper one, but is rarely so strongly concave as in the eastern
species. (Plate VI.)

REPRODUCTION AND DEVELOPMENT.

SEXUAL CHARACTERISTIOS.

In the European oyster the individuals are hermaphrodites—that is,
each is both male and female; in the common eastern oyster the sexes
are separate, each individual being either male or female, but not both.

Although the sexes differ remarkably in physiology and minute
anatomy, it is not possible to distinguish male from female by any
known external characters. It is only by an examination of the genital
glands, which in the male produce the spermatozoa or milt and in the
female the ova, eggs, Or 8pawn, or by examining the genital products
themselves, that the one sex may be distinguished from the other.

The differences between the ovaries of the female and the testes of:
the male are explained in the section treating of the anatomy. ‘When
the animals are ripe, the distinction of the sexes is most conveniently
made by an examination of the genital products. A drop of genital
fuid is extracted from the oyster in the manner described under the
head of artificial fertilization (p. 332) and let fall into a glass of clear
sea water. If the individual be a ripe female, the drop will break up
into a uniformly distributed cloud, which, if examined against a black
background, will be seen to consist of separate minute white granules
or eggs. If the eggs be unripe, they will remain aggregated in little
compound masses. 1f the specimen examined be a male, the drop of
milt will form an irregular, stringy cloud, showing a tendency to driftin
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streaks if the water be agitated, and with no particles distinguishable
by the naked eye.

Another test is to spread out a drop of the genital fluid, mixed with
a drop of water, in a thin film upon a piece of glass, such as a micro-
scope slide. If the specimen be a female, an examination with a strong
hand lens will reveal many minute pear-shaped or oval bodies or eggs,
each with a clear spot, the nucleus or so-called germinal vesicle. If the
specimen be a male, the film can not be resolved into distinguishable
particles when viewed with the ]eus, but consists of a milk-white mass,
having a quivering appearance owing to the effect of the combined
movements of the indistinguishable spermatozoa.

The histological characters which distinguish the testes and ovary
are considered under the head of anatomy.

According to Professor Schiedt, an hermaphroditic oyster occurs on
our northwest coast, the specimens examined coming from the State of
‘Washington, the exact locality not being mentioned. Sexually, there-
fore, this species resembles the common oyster of Europe.

RIPENING OF THE GENERATIVE ORGANS.

In spring, when the water begins to warm, certain changes begin to
manifest themselves in the generative organs, preparatory to the act
of spawning. In the female some of the minute eggs in the ovaries
increase in size and become loosened in the follicles or little pockets of
tissue in which they have undergone their early development. All of
the eggs which are to be discharged in any one year do not ripen at the
same time, so that the spawning of each individual extends over a
greater or less period. An examination of the ovary at any time will
always show great numbers of minute immature eggs, most of these
being ova which will ripen and be discharged during some subsequent
year. Other changes, which it is not necessary to mention here, take
place in the eggs and tissues, but the ultimate result is that the ovary
becomes enlarged by the growth of the ripening eggs and the latter
pass into the oviducts, which stand out as milky-white and much-
branched vessels on each side of the body.

The spermatozoa develop in somewhat the same manner, but the
generative cells, instead of developing into eggs, undergo rapid divi-
sion, each into a number of minute active bodies, which pass into the
sperm ducts and gorge them with a white fluid, the milt, 1n general
naked-eye appearance closely resembling the ovarian fluid.

SPAWNING.

The act of spawning consists in the discharge of the ripe genital
products into the surrounding water, where fertilization 1s left to chance.
The genital ducts, one on each side, open into the chambers above
the gills, and the ova in the one sex and the spermatozoa in the other,
gradually oozing out of the openings, are caught up by the currents
of water passing through the gill-canals and expelled from the body,
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together with the various waste products resulting from digestion and
respiration. -

The season at which oysters spawn differs with the latitude of the
bed and with local conditions. As a general rule, it may be said that
they ripen earlier in the south than in the north, and that in the same
region the genital products mature earlier in shallow than in deep water.
These facts appear to be dependent primarily upon the temperature,
other things being equal, southern waters warming before the northern,
and the shallows before the depths.

It is stated that the raccoon oyster of South Carolina spawns from
the middle of March to the middle of August. Ripe individuals are
found in shallow-water creeks during January and February, and it
is probable that intermittent spawning may take place at any time
during the year when favorable conditions prevail. In Chesapeake Bay
oysters are found spawning from April to October, but apparently a
few scattered individuals spawn at other times, though most of the spawn
appears to be cast during the latter part of July or early in August.
In Long Island Sound spawning takes place, according to the locality,
during May, June, July, and August. Sometimes many oysters are
found with well-developed ova during April, but this appears to be
unusual, and Dr. Dean remarks that when it occurs ‘it will almost
invariably be found that the spring has been warm and dry.”

Not only the time of spawning, but the quantity of spawn, appears
to be affected by the weather conditions. Sudden changes produce
very marked results, and a transfer of the oyster from one place to
another during the spawning season is almost certain to interfere with
reproduction or even absolutely arrest it.

The age at which the oyster becomes capable of reproducing its kind
varies with the locality, but it appears that in regions of rapid growth
the generative organs ripen during the first year. The number of eggs
discharged by the female is naturally dependent upon its size. Accord-
ing to Dr. Brooks, the Maryland oyster of average size produces
16,000,000 eggs each year, while a very large individual may produce
60,000,000. The spermatozoa, being extremely minute, are present in
the milt in inconceivable numbers.

Notwithstanding the great fecundity of the individual oyster the
reproductive power of the beds is not so vast as is generally supposed.
If the oysters are scattered, or the number spawning at a given time is
small, most of the genital matter will be wasted, as the contact ot the
male and female cells is entirely dependent upon chance, and the fewer
such cells there are in a given body of water the smaller the probability
of their meeting and fusing in the manner constituting the act of fer-
tilization. Neither the eggs nor the spermnatozoa live long after they
are discharged from the parent, and if fertilization is to take place at
all the two elements must be brought into contact promptly; and it will
be seen, therefore, that nature must supply a vast number of germ cells
to insure the survival of but a few. '
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EMBRYONIC DEVELOPMENT.

The following popular account of the early stages in the development
of the oyster is slightly modified from the description by Dr. W. K.
Brooks:

The ovarian eggs are simply the cells of an organ of the body, the ovary, and they
differ from the ordinary cells only in being much larger and more distinet from each
other, and they have the power, whken detached from the body, of growing and
dividing up into cells, which shall shape themselves into a new organism like that
from whose body the egg came. Most of the steps in this wonderful process may be
watched under the microscope, and owing to the ease with which the eggs of the
oyster may be obtained this is & very good egg to study.

About 15 minutes after the eggs are fertilized they will be found to be covered with
malo cells, as shown in plate vi1, fig. 1.* In about an hour the egg will be found to
have changed its shape and appearance. It isnow nearly spherical, as shown in plate
v, fig. 2, and the germinative vesicle is no longer visible. The male cells may or may
not still be visible upon the outer surface. In a short time a little transparent point
makes its appearance on the surface of the egg and increases in size and soon forms
a little projecting transparent knob—the polar globule—which is shown in plate viI,
fig. 3, and in succceding figures. ’

Recent investigatious tend to show that while these changes are taking place one of
the male cells penetrates the protoplasm of the egg and unites with the germinative
vesicle, which does not disappear but divides into two parts, one of which is pushed
out of the egy and becomes the polar globule, while the other remains behind and
becomes the nuclens of the developing egg, but changes its appcarance so that it is
po longer conspicuous. The egg now becomes pear-shaped, with the polar globule
at the broad end of the pear, and this end soon divides into two parts, so that the
" egg (plate viI, fig. 4) is now made of one large mass and two slightly smaller ones,
with the polar globule between them.

The later history of the egg shows that at this early stage the egg is not perfectly
homogencous, but that the protoplasm which is to give rise to certain organs of the
body has separated from that which js to give rise to others.

The upper portion of the egg soon divides up into smaller and smaller spherules,
until at the stage shown in plate vii, tigs. 5, 6, and 7, we have a layer of small colls
wrapped around the greater part of the surface of u single large spherule, and the
series of figures shows that the Iatter is the spherule which is below in plate viI, fig. 4.
This spherule now divides np into a layer of cells, and at the same timo the ogg, or
rather the embryo, becomes flattened from above downward and assumes the shape
of a flatoval disk. Plate viy, figs. 10 and 9, are views of the upper and lower surface of
the embryo at about this time. Ina sectional view, plate viy, fig. 11, it is seen to be
made of two layers of cells, an upper layer of small transparent cells, ¢ ¢, which are
to form tho outer wall of the body and which have been formed by the division of
the spherules which occupy the upper end of the egg in plate v1i, fig. 6, and a lower
layer of much larger, more opaque cells, ¢, which are to become the walls of the
stomach, and which have been formed by the division of the large spherule, a, of
plate vi1, fig. 6.

This layer is seen in the soction to be pushed in a little toward the upper layer,
so that the lower surface of the disk-shaped embryo is not flat, but very slightly
concave. This concavity is destined to grow deeper until its edges almost meet, and
it is the rudimentary digestive cavity. A very short time after this stage has been
reached, and usually within from two to four hours after the eggs were fertilized,
the embryo undergoes a great change of shapo and assumes the form which is shown
in three different views in plate viI, figs. 12, 13, 14, and 15.

* References to figures in quoted portious of this paper do not correspond with the
originals, being altered to accord with their sequoence in the present article.
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A circular tuft of long hairs or cilia has now made its appearance at what is thus
marked as the anterior end of the body, and a8 soon as these hairs are formed they
begin to swing backwurd and forward in such a way as to constitute a swimuming
organ, which rows the little animal up from the bottom to the surfaco of the water,
whero it swime around very actively by the aid of its cilia. This stage of develop-
ment, plate vi1, fig. 12, which is of short duration, is of great importance in raising the
young oysters, for it is the time when they can best be siphoned off into & separate
vessel and freed from the danger of being killed by the decay of any eggs which
may fail to develop. On ono surface of the body at this stage, the dorsal surface,
there is & well-marked groove, and when & specimen is found in a proper position for
examination the opening into the digestive tract is found at the bottom of this groove.
Plate v, fig. 13, is a sectional view of such an embryo. It is seen to consist of a cen-
tral cavity, the digestive cavity, which opens extornally on the dorsal surface of the
body by a small orifice, the primitive mouth, and which is surrounded st all points,
except at the mouth, by a wall which is distinct from the outer wall of the body.
Around the primitive mouth these two layers are continuous with each other.

The way in which this cavity, with its wall and external opening, has been formed
will bo understood by a comparison of plate Vi, fig. 13, with plate vii, fig. 8. The
layer which is below in plate Vi, fig. 8, has been pushed upward in such & way u8 to
convert it into a long tube, and at the same time the outer layer has grown downward
and inward around it, and has thus constricted the opening. The layer of cells which
is below in plate viI, fig. 8, thus becomes converted into the walls of the digestive
tract, and the space which is outside and below the embryo, in plate v1r, fig. 8, boecomes
converted into an inclosed digestive cavity, which opens externally by the primitive
mouth.

This stage of development, in which the embryo consists of two layers, an inner
layer surrounding a cavity which opens externally by a mouth-like opening, and an
outer layer which is continuous with vhe inner around the margins of the opening,
is of very frequont occurrence, and it has been found, with modifications, in the most
widely separated groups of animals, such as the starfish, the oyster, and the frog;
and some representatives of all the lurger groups of animals, except the protozoa,
appear to pass during their development through a form which may be regarded as
a more or less considerable modification of that presented by our embryo oyster.
This stage of development is known as the gasirula stage.

The odges of the primitive mouth of the oyster continue to approach each other
and finally meet and unite, thus closing up the opening, as shown in plate vi1, fig. 16
and leaving the digestive tract without any communication with the outside of th(;
body, and entirely gurrounded by the outer layer. The embryo shown in plate viI,
figs. 12 and 16, are ropresented with the dorsal surface below, in order to facilitate
comparison with the adult, but in plate vii, fig. 17, and most of the following figures,
the dorsal surface is uppermost, for more roady comparison with the adult.

In other lamellibranchs, and doubtless also in the oyster, the shell
begins as a deposit in an invagination or pocket on the dorsal side of
the body. In its manner of formation this shell-gland resembles the
primitive mouth for which it has been more than once mistaken by
investigators. In some forms the shell is at first single, but in the
oyster they are said to be separated from each other from the beginning,
and appear independently. Dr. Brooks says further:

Soon after they make their appearance, the embryos coase to crowd to the surface
of thoe water and sink to various depths, although they continue to swim actively in
all directions, and may still be found occasionally close to the surface. The region
of the body which carries the cilia now becomes sharply defined, as a circular pro-

jecting pad, the velum, and this is present and is the organ of locomotion at & much
Inter stage of development. It is shown at the right side of the figure in plate viI,
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fig. 17, and in plate vy, fig. 18, it is soen in surface view, drawn in between the shells,
and with its cilia folded down and at rest, as they are seen when the little oyster
lies upon the bottom.

The two shells grow rapidly, and soon become quite regular in outline, as shown in
plate viI, fig. 17, and plate v, fig. 1, but for some time they are much smaller than the
body, which projects from between their edges around their whole circumference,
except that along a short area, the area of the hinge upon the dorsal surface, where
the two valves aro in contact.

The two shells continue to grow at their edges, and soon become large enough to
cover up and project a little beyond the surface of the body, as shown in plate vIiI,
fig. 1, and at the same time muscular fibers make their appearance and are so arranged
that they can draw the edge of the body and the velum<n between the edges of the
shells in the manner shown in plate VII, fig. 18. In this way that surface of the body
which lines the shell becomes converted into the two lobes of the mantle, and
between them a mantle cavity is formed, into which the veldm can be drawn when
the animal is at rest. While these changes Lave been going on over the outer sur-
face of the body other important internal modifications have taken place. We left
the digestive tract at the stage shown in plate vii, fig. 16, without any communica-
tion with the exterior.

Soon the outer wall of the body becomes pushed inward to form the true mouth,
at a point (plate viI, fig. 17) which is upon the ventral surfuce and almost directly
opposite the point where the primitive mouth was situated at an earlier stage. The
digestive cavity now becomes greatly enlarged and cilia make their appearance
upon its walls, the mouth becomes connocted with the chamber which is thus formed
and which becomes the stomach, and minute particles of food are drawn in by the
cilia and can now be seen inside the stomach, where the vibration of the cilia keep
them in constant motion. Up to this time the animal has developed without growing,
and at tho stage shown in plate vi1, fig. 16, it is scarcely larger than the unfertilized
egg, but it now begius to increase in size. The stages shown in plate vi, fig. 1, and
plate vir, fig. 18, agree pretty closely with the figures which the European embry-
ologists give of the oyster embryo at the time when it escapes from the mantle
chamber of its parent. The American oyster rcaches this stage in from twenty-four
hours to six days after the egg is fertilized, the rate of developmont being deter-
mined mainly by the temperature of the water.

Soon after the mantle has become connected with the stomach this becomes united
to the body wall at another point a little behind the mantle, and a second opening,
the anus, is formed. The tract, which connects the anus with the stomach, lengthens
and forms the intestine, and soon after the sides of the stomach become folded off
to form the two lialves of the liver, as shown in plate viI, fig. 1. Various muscular
fibers now make their appearance within the body, and the animal assumes the form
shown in plate viiy, fig. 1, and plate vii, fig. 18.*

What follows this stage may be best told in the words of Professor
Huxley, who speaks of the Buropean oyster, in which the metamor-
phosis from the free-swimming fry to the fixed spat and finally the
adult oyster is essentially the same as in our species.

The young animal which is hatched out of the egg of the oyster is extremely
unlike the adult, and it will be worth while to consider its character more closoly
than we have hitherto done. ]

Under a tolerably high magnifying power tho body is observed to be inclosed in a
transparent but rather thick shell (plate viii, fig. 2, L), composed, as in the parent,
of two valves united Ly a straight hinge, k. But these valves are symmetrical and
similar in size and shape, so that the shell resembles that of a cockle more than it
does that of an adult oyster. In the adult the shell is composed of two substances

*Report Maryland Fish Commission, Annapolis, 1880, pp. 19-25, in part.






