XXV.—THE METAMORPHOSIS AND POST-LARVAL STAGES OF
DEVELOPMENT OF THE OYSTER.

By JoEN A. RYDER.

Professor Brooks in his elaborate paper on the development of this
mollusk, in the report for 1880 of the commissioners of fisheries of Mary-
land, page 25, observes, in relation to the oldest embryos figured by him
(Figs. 44 and 45, Plate VI): “The American oyster reaches this stage
in from twenty-four hours to six days after the egg is fertilized, the
rate of development being determined mainly by the temperature of
the water.” He further states, “All my attempts to get later stages
than these failed through my inability to find any way to change the
water without losing the young oyster, and I am therefore unable to
describe the manner in which the swimming embryo becomes converted
into the adult, but I hope that this gap will ‘be filled either by future
observations of my own or by those of some other embryologist.” These
remarks applied to the American oyster, Ostrea virginica. Since then
Prof. H. J. Rice has described what he has called the proboscis stage of
development of the embryo oyster, gaid to be assumed after the oldest
stages figured by Brooks have been passed over. This stage the writer
has never seen, or if it was observed, he has failed to note what has
been found by Rice.

The embryo European oyster, O. edulis, has been discussed by Pro-
fessor Huxley,* and his remarks upon the manner of its metamorphosis,
on account of their clearness, I take the liberty of reproducing here with
some slight verbal changes; I have also borrowed one of his figures in
order to make his language more easily intelligible. His remarks are
as follows:

"« 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 closely than we have hitherto done.

« Under a tolerably high magnifying power the body is observed to
be inclosed in & transparent, but rather thick shell (Fig. 1, L), com-
posed, as in the parent, of two valves united by a straight hinge, h.
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

“In & lecture delivered at the Royal Institution, Friday, May 11, 1883, Published .
in fall in the English Illustrated Magazine for October and November, 1883, pp. 47—

55 and 112-121.
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oyster. In the adult the shell is composed of two substances of differ-
ent character, the outer brownish, with a friable prismatic structure,
the inner dense and nacreous. In the larva there is no such distine-
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tion, and the whole shell consists of a glassy substance devoid of any
definite structure.

“The hinge line answers, as in the adult, to the dorsal side of the body.
On the opposite or ventral side, the wide mouth o and the minute vent @
are seen at no great distance from one another. Projecting from the
front part of the aperture of the shell there is a sort of outgrowth of
the integument of what we may call the back of the neck, into a large
oval thick-rimmed disk termed the »elum, v, the middle of which pre-
sents a more or less marked prominence. The rim of the disk is lined
with long vibratile eilia, and it is the lashing of these cilia which pro-
pels the animal, and, in the absence of gills, probably subserves respi-
ration. The funnel-shaped mouth has uno palps; it leads into a wide
gullet, and this into a capacious stomach. A sac-like process of the
stomach on either side (the left one Il only is shown in Fig. 1) repre-
sents the ¢liver” The narrow intestine is already partially coiled on
itselfy and this is the only departure from perfect bilateral symmetry in
the whole body of the animal. The alimentary canal is lined through-
out with ciliated cells, and the vibration of these cilia is the means by
which the minute bodies which serve the larva for food are drawn into
the digestive cavity.

“There are two pairs of delicate longitudinal muscles, 78 7, which are
competent to draw back the ciliated velum into the cavity of the shell,
when the animal at once sinks. The complete closure of the valves is
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effected, as in the adult, by an adductor muscle, am, the fibers of which
pass from oue valve to the other. Butitis a very curious circumstance
that this adductor muscle is not the same as that which exists in the
adult. It lies, in fact, in the fore part of the body, and on the dorsal
~ side of the alimentary canal. The great muscle of the adult; on the

other hand, lies on the ventral side of the alimeutary canal and in the
hinder part of the body. And as the muscles, respectively, lie ou op-
posite sides of the alimentary canal, that of the adult cannot be that
of the larva which has merely shifted its position ; for, in order to get
from one side of the alimentary canal to the other, it must needs cut
through that organ, but as in the adult, no adductor muscle is discover-
able in the position occupied by that of the larva, or anywhere ‘on the
dorsal side of the alimentary canal ; while, on the other haund, there is
no trace of any adductor on the ventral side in the larva, it follows
that the dorsal or anterior adductor of the larva must vanish in the
course of development, and that a new ventral or posterior adductor
must be developed to play the same part and replace the original muscle
functionally, though not morphologically.* <

« This substitution is the more interesting since it tends to the same
conelusion as that towards which all the special pceuliarities of the
oyster lead us ; namely, that, so far from being a low or primitive form
of the group of lamellibranchiate mollusks to which it belongs, it is
in reality the extreme term of one of the two lines of modification
which are observable in that group. The I'rigonie, the arks, the
cockles, the fresh-water mussels and their allies, counstitute the central
and typical group of these mollusks. They possess two subequal ad-
ductors, a large foot, and a body which is neither very deep nor very
long. From these, the series of the boring bivalves exhibits a gradual
elongation of the body ending in the ship-worm (Teredo) as its extreme
term. While, on the other hand, in the sea-mussels,the Avicule and
the scallops, we have a series of forms which, by the constant shorten-
ings of the length and increase of the depth of the body, the reduction
of the foot, the diminution of the anterior of the two adductors, and
the increase of the posterior, until the latter becomes very large and .
the former disappears, end in the oyster.

« And this conclusion that the oysters are highly specialized-lamelli-
branchs, agrees very well with what is known of the geological history
of this group, the oldest known forms of which are all dimyary, while
the monomyary oysters appear only later.

« When the free larva of the oyster settles down into the fixed state
the left lobe of the mantle stretches beyond its valve,and applying itself
to the surface of the stone or shell to which the valve is to adhere,

* The larva of tho cockle Lias at first, like tho oyster larva, only.onc adductor,

which answers to the anterior of the two adductors which the cockle possesses in the
adult state.
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secretes shelly matter, which serves to cement the valve to its support.*
As the animal grows, the mantle deposits new layers of shell over its
whole surface, so that the larval shell valves become separated from
the mantle by the new Jayers, which crop out beyond their margins and
acquire the characteristic prismatic and nacreous structure. The sum-
mits of the outer faces of the umbones thus correspond with the places
of the larval valves, which soon cease to be discernible. After a time
the body becomes convex on the left side and flat on the right; the
successively added new layers of shell mold themselves upon it; and
the animal acquires the asymmetry characteristic of the adult.”

In my article entitled ¢ On the fixation of the fry of the oyster,” pub-
lished in the Bull. U.S. Fish Commission, 11, 1882, p. 383387, I have
already described the manner in which the young embryo of O. vir-
ginica affixes itself by the border of the mantle. Upon comparing the
above-quoted description, given by Professor Huxley, of the way in
which this takes place in that of O. edulis, it will be observed that
there is little or no difference in this respect between these two species.
I have, however, emtered more fully into a description of the manner in
which the metamorphosis into the spat shell is effected than was done
by Huxley, having indicated in my Figs. 5, 6, 7, and 8 the pecteniform
or scallop-like appearance of the shell of the spat in its very young con-
dition, with the dorsally straight-bordered anterior and posterior ale of
the valves which are developed at this time. It is also a very signifi-
cant fact that the young oyster spat should resemble in its early con-
dition the form permanently assumed by some of its nearest allies, the
pectens. And it may be explained only by the well established doc-
trine that even highly specialized forms tend to reassume during the
early stages of their existence the form of the type from which they
have been evolved.

The hinge border of the embryos of both O. virginica and 0. edulis
is straight, and in both species there is an umbo developed on both
valves of the larval shell during its later stages. This character is also
observed in the young stages of native oysters from other parts of the
world, as in those from the Pacific, on the coasts of California and Peru.
It is therefore very probably characteristic of all of the members of
the family.

My observations upon the internal organization of the young spat
were made upon some that were removed from the smooth inner surface
of the dead oyster and clam shells, which had been sown on the botth
in Cherrystone River, Virginia, by Captain Hine and Mr. W. H. Kim-
berley in the spring of 1881. A number were removed from §uch-
situations without injury, so that I could study them under the micro-

[* The young oyster is not cemented directly to its fixed Lesié by the calcareous.
substance of the shell, but by the brown cement substance which is guite apparent
on the outer surface of the valves. This layer answers to the periostracum of the-
adult, and is probably what was really meant by the speaker.]



[5] DEVELOPMENT OF THE OYSTER. 83

scope as transparent objects in the living condition, and with the cilliary
structures in lively movement and the heart pulsating as though nothing
had occurred to injure them.

The shells of the smallest specimens I obtained during the season of
1881 were about one-eighth of amn inch in their greatest diameter or
about ten times a8 large as the shell of the fry when it ceases to swim.
Since then much smaller specimens have been obtained. Lest any one
should suppose that I may have mistaken the young of Anomia, or the
“gilver-shell,” for that of the oyster, let me here remark that they are
very readily distinguished even when very young. The valves of
yoang ¢silver-shells” are lustrous, very smooth, and thinner than those
of the oyster; the shell of the young of the latter is never lustrous, and
is almost always marked with bands of a dark or purple color which run
frowmn the hinge in a radial manner to the edges of the valves. Thereis
no mistaking these differences, and only a little experience will enable
any one to distinguish the very smallest spat of Ostrea and Anomia
apart.

Another means of distinguishing the spat of Anemia from that of
Ostrea is afforded by two other characters not before mentioned. There
is no pigment developed in the shell of the former, while almost inva-
riably in the young oyster a well-marked deep purple streak runs from
the hinge-border of the valves to the free-margin, especially in the up-
per or left one. This streak also usually widens as it approaches the
margin of the valve and coincides with the radius of the shell in which
the great posterior adductor is developed. This streak is, in fact, in
great measure due to the fact that the insertion of the adductor in O.
virginica is deeply pigmented throughout life, the deposit of color at
first shimmering through the thin transluzcent valves of the young
oyster. It is probable that in the spat of 0. edulis no such purple
streak is present on the upper valves, because in that species the inser-
tion of the adductor is rarely if ever pigmented. The purple streak in
the upper valve of the spat of O. virginica also serves to distinguish
which is the posterior or upper margin of the shell, upon mere super-
ficial inspection, inasmuch as when at all well developed it is necarest
the posterior margin of the shell. Occasionally spat of 0. virginicn is
found in which pigment is almost entirely wanting.

A second character which distinguishes the spat of Anomia from that
of Ostrea is the following: In Anomia, when the shell is forcibly de-
tached from the surface to which it is affixed, both the upper and lower
valves may be lifted from their nidus; in Ostrea, on the countrary, it is
only the upper valve which can usually be removed, the lower one being
firmly cemented to its surface of attachment. The lower valve of the
spat of Anomia is never cemented to the surface of fixation, the lower
valve of Ostrea invariably. The byssal plug of Anomiain its spat stage,
as well as in the adult, finally perforates the lower valve, and thisis the
only attachment of the animal to its fixed basis. As elsewhere men-
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tioned by the writer, the lower valve of Ostrea may be cemented to its
basis of attachment over its entire outer surface till it has attained a
size of two inches in diameter.

Fig. 2 represents the small spat of whach I havejust spoken, magnified
thirty-two times, and which presents so many peculiarities as compared

with.the adult that it will be desirable to describe it somewhat in de-
tail. ’

The shell in individuals as small as this up to three-fourths of an inch
in diameter is nearly always alinost round or oval in outline, and very
thin, so as to be easily broken with pressure by the thumb or finger.
In very young ones, like the one figured, the valves are still transpar-
ent, but when a little older they Decome, first, translucent, then
opaque, as they acquire increased thickness. In the case of Iig. 2, the
shell, which formerly covered the swimming or fry stage, is attached
at the hinge ends or beaks of the valves. It measures about g5 of an
inch in diameter, and shows concentric lines of growth, with apparently
well developed beaks, or umbos, which are also doubtless present in
the young spat of the European oyster at a late stage, or after fixation.
Only the larval shell of the right side is indicated at L in the figure ;
it is permanently fixed to that of the spat shefl S, but does not present
the microscopic characters of the latter. The former appears to be
smooth and concentrically laminated, and not altogether st.mctureless/;
the latter, under a power of 150 diameters, shows that it is made up of
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very minute transparent polygonal prisms of carbonate of lime arranged
vertically to the plane of the shell; each of these prisms measures
75905 of an inch in diameter, and gives the appearance of an irregular
tesselated pavement under the microscope. They are held firmly to-
gether by an organic material more or less nearly identical with the
hard outer crust of insects. In the latter this material is called chitin ;
in the shell of the mollusk, where it binds the prisms of lime solidly to-
gether, it is called conchiolin. As development advances the shell is
thickened from within by the deposition of lime carbonate on the inner
surface of the valves; this lime carbonate is secreted from the blood of
the animal and is primarily derived from the food; the organ, which is
the effective agent in laying down this deposit, is the mantle, the margin
of which is provided with sensitive feelers or tentacul® as indicated in
an undeveloped condition by the small wart-like prominences at the bor-
der of the mantle organ at ¢.

The mantle is a highly sensitive structure, and is provided with radiat-
ing musecular filaments, 7, which run through its substance outwards to
its margin in every direction. These radial muscular bands are very
distinet in the young, as indicated in our figure. In young oysters and
¢gilver-shells” its margin is sometimes seen protruded beyond the edges
of the valves, when the animal has its shell open, and is quietly feeding.
The mantle covers the right and left sides of the soft body of the oyster
like a cloak ; the leaves of opposite sides are joined together at the
middle line near the hinge 2 and at a point near the ventral hinder
end of the body J where the gills ¢ end. The extent of the union of
the right and left leaves of the mantle behind or below the hinge I
have not been able to make out clearly in these young specimens of
spat. Only the left leaf of the mantle is shown in Fig. 2.

The gills g of the spat are well developed at this early stage, and
extend between the right and left leaves of the mantie from the palps
or lips p to the point j. They are much like the gills of the adult, but
above them the upper gill chamber is wider, and the cloacal space O,
which lies botween the adduetor musecle m, the hinder part of the gills
and the leaves of the mantle at the sides, is remarkably spacious. The
gills are at this stage already very evidently of the type seen in the
adult; they are really four elongated pouchessuspended between the
leaves of the mantle with vertical rows of pores arranged in the furrows
on their surface; these pores convey the water into the hollow gills, from
which it passes through rows of large holes above into the upper gili
chamber and out by way of the cloaca C.

In the spat, I also find in the course of more recent studies that there
is a very delicate branchial skeleton forined of very fine quadrangular
meshes of a chitinoid substance, which, as in the adult, serves to give
support to the soft tissues of the gills. Whether there is present a
delicate thin membrane in the skin covering the wmantle of the spat,

- 8. Mis, 46—->00
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composed of very fine interlacing fibers, as in the adult, I am unable to
state. ‘

The palps or lips of the young spat at this stage are not at all like
the palps of the adult. They are much shorter, as indieated at p, but
the upper or anterior lip passes like a hood in front of the mouth o, and
the lower, hinder, and inner one bends backwards on either side behind
the mouth. In the adult, the inner suiface of the outer pair of palps
or upper lips are furrowed with numerous shallow grooves ; in the lower
lip the outer and upper surfaces are so furrowed. In the young, a dif-
ferent state of affairs exists. Here furrows can scarcely be said to be
present ; but the lips are apparently divided into more or less distinet
conjoined parallel lobes; their number, unlike in the adult, is also very
few, or about 4 to 5. I have counted over one hundred tolds and fur-
rows on one side of the lower lip or palp of the adult: we would nat-
wrally expect to find them fewer in number on the same parts in the
young animal.

At the hind or ventral borders of the palps their edges seem more or
less nearly continuous with the gills, and, as there are four of the latter
as well as four posterior ends to the lips, it would appear probable that
both palps and gills originated from very nearly the same primitive
structure. That is, suppose the four folds or rows of branchial processes
of which the gills are formed were at first developed from a tract of
epiblastic tissue, or the skin-layer proper, from which the palps also
are differentiated, and it is possible to conceive of them as having been
developed from nearly the same type of rudiments, that is, lon gitudinal
folds of epiblast which were at first continuous.

The mouth of the spat in Fig.2 opens downwards and not so directly
forwards or dorsally as in the adult. This fact, taken in counection
with the singular change of place undergone by the mouth in its pas
sage from the fry stage to that of the spat,is significant and will be
discussed farther on.

The ciliated band ¢ in Fig. 2 gives an ideal representation of the way
in which the cilia on the inner surface of the mantle are arranged and
how they may be brought to act in conveying the food to the mouth o.
The gills also are of course clothed with cilia, as in the adult.

The course of the intestine i is very much the same as in .the adult;
the vent a lies just over the adductor muscle m, and the stomach s is
enveloped by the brown liver [, which appears to constitute the principal
portion of the body-mass, exclusive of the intestine and stomach, at
this stage. The heart is divided into a pair of auricles, z, below and a
medially divided ventricle, z, above, and like the heart of the adult, lies
in a crescent-shaped heart-cavity. Where the intestine returos and
bends sharply backwards on itself above the mouth, there is a rounded
projection of the body-mass forwards, whick is not seen in the adult.

The most striking changes in the relations of the intestine after the
larval condition is past and that of the young oyster has been assumed






