XXXIV.—THE DEVELOP}\'IENL'IiSOII:‘)'l:HE OYSTER (OSTREA EDU-

By Dr. R. HorsT.

I.—HISTORICAL.

More has been written on the history ot the development of the oyster
than on that of any other invertebrate. The cause of this doubtless is
the circumstance that from time immemorial the oyster has been con-
sidered a great delicacy, and that therefore attention was early directed
to its development.

Brach ! (1690) seems to have beeu the first to use the microscope in
observing the embryo of the oyster. According to this author, the oys-
ters found in the Venetian waters produce spawn towards the end of
spring, during the entire summer, and in the begiuning of autumn,
which spawn they discharge into the water. During this time the central
round and fleshy part of the oyster diwinishes in volume and loses its
succulence, while the branchia and the edge of the mautle assume a
harder and more solid appearance. The liquid secn in the shell round
the body in the beginning looks whitish, clear, and fluid, but later
changes to a blackish mass baving the consistency of pap.

When this mass is examined under the microscope, one finds in it

- eggs in two different stages of development : (1) Some entirely white, not
altogether spherical, and resembling pellets; these eggs are quiescent
and consequently less developed ; (2) Others which are also white and
round, but a little more compressed ; they have the form of a grown
oyster and show & black line in the place where the little valves will
open. These last-mentioned eggs, moreover, move about and maintain
a spiral motion in the mother shell. This continues until the eggs are
more developed (usque ad perfectiorem animationis gradum). Tater the
oyster closes its shell, so that the water from the outside cannot pene-
trate into it, and the mother oyster becomes very lean, because she has
to feed her offspring. During this time the young oysters graduoally

* ¢ De Ontwikkelingsgeschicdenis van de Ocster.” From Tijdschrift der Nederlandsche
Dierkundigc Fereeniging. Supplement No. 1, Leyden, 1883-84. Translated from the
Dutch by HrrMAaN JACOBSOXN.

'D. Jac. Brachii: Observ. CCIII, De ovis Ostrcorum. Ephenter. Acad. Leop. Nat. Cur.,
Anu. VIII, 1690, p. 506.
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assume the form of the grown oyster, and become of a black color.
Either owing to the lack of water, or because they need no movement
for their further development, they remain quiescent in the shell until
they are ¢jected by the mother oyster, and then they adhere to various
objects, such as wood, mud, stones, &ec.

Leeuwenhoek 2 (1695) seems to have known and observed the eggs of
the oyster independently of Brach. From a letter dated the 18th day
of the calends of September, we learn that an oyster opened on August
4th was found filled with an enormous number of young oysters, which
moved about rapidly in the water by means of the smnall organs which
projected from their shells and which they drew in when they died
(velum auct.). They resembled the grown oyster as much as one egg
resembles the other, but they were so small that, according to Leeuwen-
hoek’s calculation, it would take 1,728,000 to make a ball one inch in
diameter. Leeuwenhoek seems also to have observed younger stages of
development; at leastin a later letter (dated the 15th day of the calends:
of September) he stutes that he found in some oysters a number of
small unborn young, which were much less developed than those which
he bad previously observed, and which he could not be sure were alive.

Two years later he wrote to the Royal Society of London ? that one
day, when cating oysters at the house of a relative at Rotterdam, he
found one which was partly filled with a gray mucus. - As he was in
doubt whether this mucus contained oyster eggs, he took some home
and examined it under a microscope, when he found that his supposi-
tion was correct, as this apparent mucus was entirely composed of young
oysters.

Baster* (1759) added but liitle to the above observations. He does
not agree with Leeuwenhoek and others who say that the sexes are
gseparated amoopg the oysters. He thinks that the oyster is a genuine
hermaphrodite, because it cannot move about at will and consequently
cannot approach the female for the purpose of impregnation.

Home? (1826) says but little of the spawn of the oyster, and what he
says is not very accurate, much less so, in fact, than the statements of
persons who bhad preceded him, and whom he does not even quote in
his work. He says that about the end of June the eggs issue from the
ovaries, and that towards the end of July none are found either in the
ovaries or in the oviducts ; that the moment the egg leaves the oviduct
a kind of purplish mucus is secreted, which probably serves as nour-
ishmeut to the oyster during its stay in the cavity of the mantle. Once
in that cavity, the eggs often fall a prey to little aquatic worms which
slip into the shell. His paper is accompanied by several figures of the
brood of the oyster.

2 A. van Leenwenhoek : Arcana Nature. Opers, T. II, Epist. 92 and 94,

3 Philosophical Transactions, vol. xix, 1698, p. 798.

4« Job Baster: Natuurk. Uitspanningen, 1759, p. 73.

» On the modeof breeding iu theoyster. Phios. Transact., 1827, p. 39, PlatesILand IV.
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Lovén® (1848) cannot be passed by in silence, for his exhaustive re-
searches on the development of the Modiolaria, Cardium, Montacuta,
and Mytilus serve as the basis of our knowledge of the embryology of
the Lamellibranchiata. Although lie has not observed the development
of the oyster, nor that of any other form of the group Monomyaria, he has
studied the representatives of widely different families of the Dimyaria,
aud the results of his researches have, therefore, a wide scope. IHe de-
seribes in suceession the expulsion of the polar globule, the cleavage,
the inclusion of the vegetative LY the animal pole, the formation of the
velum, the origin of the shell, the origin and differentiation of tbe in-
testinal canal, &e.

Davaine? (1852) is the first who gave a detailed description of the
development of the oyster. According to him, the period during which
the oyster coutains spawn extends from the beginning of June till the
end of September. He also observed spawn in the beginning of May;
but this must be attributed to the higher temperature of the shallow
basins where he observed it. After having directed attention to the
difficulties encountered in studying the development of the oyster,
caused by the circumstance that the eggs are retained in the cavity of
the mantle, whence they cannot be removed without bringing their
development to a standstill and causing their death, he describes the
changes observed in the egg before it begins to segment. Sometimes
the germinative vesicle is missing altogether, while in others another
smaller vesicle is found attached to the germinative vesicle. Sometimes
there is a germinative vesicle half the usual size, while at other times
there are two of the same size, but only half the size of the ordinary
vesicle. (This description leads us to believe that Davaine had at that
period observed in the egg of the oyster some of the plienomena of
fecundation made known to us at the present day through the researches
of Hertwig, Selenka, Fol, and others.)

The first stage of segmentation which was observed consisted in the
formation of four blastomeres. These are of different sizes, and gener-
ally three small segwents are found adlle}'ellt to a larger one. These
segments, or cells, divide geveral times, dim}niSh in volume, but increase
ally tho egg contains nothing but small cells.
Finally, the egg which had been round becomes heart-shaped. The
incision which gives this last-mentioned form to the egg soon disappears,
and at two points of the outline vibratile cilia begin to appear. Oppo-
site these groups of vibratile cilia tbere appeared on the edge of the
egg a transparent streak. This is the beginning of the hinge of the
valves. During the following period the vibratile cilia become longer
and more distinet, and a crown of them is formed, which indicates the

in bumber, so that fin

- )
6S. Lovén: Bidrag till Kinnedomen on utvecklingen af Mollusca Acephala Lamelli-

branchiata. K. Vetensk. Akad. Handlgr., 1848.
1Q. Davaine: Ieccherokes sur la génération dcs huitres, with 2 pl., in Comptes Rendus et

Aldm. de 'a Soc. de Biolvgie, vol. iv, 1852, p. 207,
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front part of the body, while opposite (thercfore at the posterior part)
the hinge is found. The central mass becomes more clearly defined,
and is separated from the ectoderm by a certain space. Later, tho two
valves of the shell become visible round the hind part of the body.
The central mass is divided into two parts. one of which, of a darker
color, perhaps corresponds to the liver, while the other, which begins
to exhibit dilating and contracting movements, becomes the intestinal
canal. The shell of these embryos is already composed of a calcareous
substance.

While the embryo continues to grow the ciliary apparatus increases
in dimensions, so that it seems to form, so to speak, a separate organ
from the rest of the body, by means of which the embryo can swim in
any direction. Gradually the basis of the ciliary apparatus decreases
in size, so that finally it is attached to the body only by a thin stem,
which breaks in due time. The ciliary apparatus which thus becomes
detached has the shape of a round cuslion, having in the center an
opening which corresponds to the mouth aperture. The digestive canal
assumes the shape of a retort, inclosing the liver in its concave part;
the wide part of the retort forms the stomach, and the narrow part the
intestines, which, owing to their general development, elongate and
form a loop, which is plainly visible. Davaine was not able to observe
with any degree of certainty either the mouth or the anus or the
organs of sight and bearing. The appearance of the branchia is indi-
cated by a very distinet vibratile movement on the side of the body.
At the same time there was observed below the mouth aperture a
small pear-shaped and transparent organ, the rapid pulsations of
which show that it is the heart. The embryos probably remain in the
mantle cavity of the mother oyster more than a month. Their num-
ber in a good-sized oyster has been estimated at 1,125,000.

De Lacaze-Duthiers® (1854), who, after Davaine, had occupied himself
during two summers with the study of the development of the oyster,
has in several respects coutinued and completed the observations of
his predecessor.

1. The oyster is a hermaphrodite. Fecundation takes place in the
efferent canals of the genital gland, and segmentation commences
immediately after the eggs have been set free. The egg is generally
divided into four, sometimes two, and rarely three segmentation
spheres. From these first four spheres there are formed, as it were by
a budding process, small transparent hyaline spherules, which increase
80 a8 soon to cover entirely the dark and granular spheres forming the
vitellus, so much so that soon there can be distinguished in the egg a
peripheral and a central portion; the embryo then becomes heart.
shaped ; at the depression which corresponds to the dorsal part there

8 H. De Lacaze-Duthiers: Mémoire sur le développement des Acdphales Lamellibranches
(Ostrea) in Comptes Rendus de U'4do. de Sc. Paris, vol. xxxix, p. 103. Also Nou-
velles observations sur le développement des huitres, same work, p. 1197.
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appear two tufts of vibratile cilia. Finally, the shell/is formed from
two thickenings of the epiblast, resembling a pair of watch-crystals of
great transparency, attached on each side to the dorsal depressiou.
The two halves in growing approach each other, finally join, and form
the hinge. This, therefore, is not the first to appear.

The central and opaque part of the embryo is then detached from the
Deripheral part, first at the dorsal side and finally at the ventral side,
except in two places, namely, the places occupied by the mouth and by
the anus. At this latter point the central part is again joined to the
Peripheric layer, or epiblast, by a cylindrical stem, which elongates and
finally is transformed into the intestines. The stomach is formed in
the upper portion of the central mass, and the liver in the lower portion.
Two groups of vibratile cilia encircle the pole opposite the shell like a
. Wreath, which is the beginning of the trochal disk, and in the center
of which the mouth forms. The intestine and the stomach form a
distinet cavity, which is lined with ciliated epithelium. Soon the shell
has grown so large that it incloses the entire body; in front of the
anus thero is found an appendage resembling a rudimentary foot.
Although the trochal disk principally serves as an organ of locomotion,
it has also something to do With respiration, and probably also with
the taking of food. Even in the more developed larve neither brauchia
nor heart could be observed, nor any movement of the trochal disk,
as stuted Ly Davaine,.

2. He succeeded once in keeping the larve alive, outside the mother
shell, for thirty, and at another time for forty-three days. In order to
follow the development of the intestines, the larvae were fed on different
colored substances. The mouth seens to be placed between the trochal
disk and the foot-shaped appendage in front of the anus; it is a long
fannel lined with vibratile cilia, the upper lip being formed by the disk
itself, and the lower lip by the appendage in question. A tubular or-
gan which is found in the center of the trochal disk has, in less developed
larveae, been mistaken for the mouth. The stomach is narrower in the
middle, in the place where the intestines are attached. The intestines,
forming a loop, turn toward the left side of the stomach. Then the
lobes of the liver become hollow, and the characteristic granules com-
menee to show themselves in the parenchyma. The streaks of fibrous
appearance change to bundles of muscles, and attach themselves to the
trochal disk, which they force back into the shell. He has never seen
the trochal disk, or velum, detach itself spontaneously, but it sometimes
happens that the shell in closing abraptly either cuts it off wholly or in
part. The hinge of the shell is provided with teeth, asin young mussels.
Finally, tho otoliths also make their appearance in the form of vesicles
which inclose granules, agitated by a very lively movement and placed
under the month at the base of the lower labium or lip.

Coste? (1861), the zealous advocate of fish-culture in France, describes

* Voyage d'cxploration sur le littoral de la Trance et de Ultalie, 24 od., 1861, p. 93.
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the appearance of the embryos of the oyster when seen through the
microscope, and he gives some tolerably exact illustrations of them.
As it is possible to keep these larvae alive, outside of the mother shell,
for several days, he thinks that this may become an important in-
dustry.

De la Blanchére!® (1866) reports almost exactly the same as Davaine
and Coste. He also gives four good drawings showing larves of the
oyster, in which he shows the longitudinal muscles and the dorsal and
ventral muscles which cause the velum to be drawn back into the shell.
He says that, according to the observations of Mr. Gerbe, when the
larve of the oyster becomes properly defined, the velum dies, as the
branchie develop, so that it is probable that they bave their origin in
this organ.

Gwyn Jeffreys!! (1869) observed the spawn of oysters when he exam-
ined an oyster fishery in the river Roach in Essex. Ide compares the
larvee to the grains of seed of the shepherd’s-pouch. He says that the
body can be seen through the transparent shell; the central portion is
opaque, alimost black, and probably represents the liver. The front
part only is provided with vibratile cilia.

Saunders® (1873) exhibited, at the session of July 10 of the East Kent
Natural History Society, live larvae of oysters, and stated that they
have a small shell, the two valves of which are convex, while in the
growin oyster one is convex and the other flat.

Salensky®® (1874) gives in his Bemerkungen iber Haeckels Gastraa
theorie good illustrations of the three differcnt phases of the develop-
ment of the oyster larvae. These illustrations serve as an example of the
development of the lamellibranchiates, which, according to him, have no
alimentary organ. The embryo is originally composed of two layers
without an internal cavity, and the intestinal cavity only makes its
appearance later in the endodermn.

Mobius (1877), in his charming little work, Die Auster und die Austern-
wirthschaft, gives some illustrations of the first stages of the develop-
ment of the Ustrea edulis. He also gives a very accurate drawing of the
larva (with the adductor musele); by mistake, however, this figure i8
reversed, so that the velum is placed below. He found that the young
oysters leave the mother when they have reached the size of 0.15 to 0.13
millimeter.

‘We must finally mention some reports regarding two other species,
namely, the American oyster (Ostrea virginiana) and the Portuguese
oyster (Ostrea angulata).

According to Brooks!* the American oyster (Ostrea virginianae List),

10H. de la Blanchere: Industrie des Eaux, 1866, p. 69.

1 British Conchology, vol. v, 1869, Supplement, p. 165.

t2Quart. Jour, Microse. Seience, vol. xiii, 1873, p. 493,

13 Archiv fiir Naturgeschichte, 1874, p. 150, Plate V, IMigs. 1, 2, and 3.

4 8tudies from the Biological Laboratory of Johns Hopkins University, No. 4, Bal-
timore, 1820, plates I-X,
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is unisexual ; its eggs are fecundated and develop outside the mother
oyster. The progress of segmentation depends a good deal on the tem-
Pperature and other circumstances. In some cases the embryo, provided
with vibratile cilia, is formed two hours after fecundation; but the
ordinary duration of the process is not less than twenty-four hours, and
may even extend over more than two days. At the beginning of seg-
mentation the egg assumes an oval shape, the thick end becomes the
animal pole (formative, Brooks), and the small end the vegetative pole
(nutritive, Brooks). This latter corresponds to the dorsal side of the
embryo. During violent movements of the vitellus the first polar glob-
ule issues from it. There does not seem to be any segmentation cavity
such as is observed in the eggs of other mollusks. After repeated seg-
mentations of the animal spheres, whose number is still further in-
creased by other spheres, originating in the vegetative part, a layer of
ectoderm cells is formed which covers the vegetative sphere, and as it
grows larger completely envelops it. The vegetative sphere is first
divided into two entodermic cells, whose number afterwards increases
to six and more. The embryo is flattened out, and the ectoderm and
entoderm become detached from each other. Ifinally, the entoderm is
Invaginated, so that in form it resembles a shallow cup with a shallow
gastric cavity. The embryo now undergoes an important change; a
crown of vibratile cilia is formed, and in the dorsal part, transversely to
the great axis of the body, a depression begins to appear which repre-
sents the blastopore. This finally closes, and the entoderm, a mass of
cells, is inclosed in the peritoneal cavity. But prior to this there ap-
pears, at each extremity of the depression of the blastopore, a small
irregular transparent body; these 2re the two valves. A couple of
houss later, the embryo has considerably increased in size, and there
may De seen forming in the entoderm a cavity which is lined with a
vibratile epithelinm. This cavity communicates with the outside by an
aperture which is almost opposite the shell, so that small molecules can
enter. The cdges of the aperture may turn toward the outside and thus
act as a suction apparatus. Meanwhile the shell has assumed a regular
shape, and has grown so much that it covers nearly half the surface of
the body. Soon a second aperture appears, through which the intestines
communicate with the outside; this is the anus; while the stomach now
Lecomes pear-shaped. Its larger part is turned forward, and on the
fourth or fifth day a diverticle appears on each side of the stomach;
these are the two halves of the liver, in the sides of which small glob-

ules of oil may be seen which strongly refract the light.
The study of the development of the American oyster, therefore,

teaclhes us these four things:
1. That there is a gastrular stage caused by invagination.
2. That the blastopore closes, and that the anus and the latter do not

coincide.
H. Mis. 63

-
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3. That the shell appears at a point originally occupied by the blasto-
pore.

4. That a first and then a seeond opeuing is formed connecting the
mesenteron with the exterior alinmost opposite the place where the blas-
topore is found; and that one of these openings becomes the mouth and
the other the anus. :

Winslow?® (1881), while on board the American vessel Saratoga, dur-
ing the summer of 1880, observed the development of an oyster from
the Bay of Cadiz, which hie took to be the common oyster (Ostrea edulis).
but which, as Dr. Hoek has already remarked, was probably the PPortu-
guese oyster (Ostrea angulate). As Mr. Winslow did not discover any
embryos in the shell, he attempted artificial fecundation and was entirely
successful. After five hours the eggs had produced well developed
larvee, provided witk a velum, a shell, and a mesenteron, all of which
could be plainly distinguished. The manner in which the development
took place resembled very much that of the Ostrea virginiana.

Bouchon-Brandely!¢ (1882) has studied the mode of propagation of the
Portuguese oyster (Ostrea angulate) which at present is acclimatized at
the mouth of the Gironde. This oyster is unisexual; its eggs develop
outside of the mother, and may, therefore, be cultivated in sea-water.
He believes if experiments made in this respect with the Ostrea edulis
did not succeed, this is caused by the considerable quantity of albumen
which the liquid of the mantle cavity contains, in which the larvie of
this oyster develop. According to Bouchon-Brandely, this essential
difference in the organization of these two species makes all attempts at
cross-breeding absolutely impossible, and thereby also excludesthe possi-
bility of a bastard form which*some oyster cultivators say exists. Experi-
ments made in this respect have proved entire failures. The fecunda-
tion of the Ostrea angulata, on the other hand, has proved successful.
The eggs and the spermatozoa, when in water, preserve their vitality
for several hours. Excellent results were obtained by using the sexual
products taken two or three hours previous from the genital organs.
The embryos began to move, according to the temperature, in from 7 to
12 hours after fecundation. The shell formed about the sixth or seventl
day.

Finally, Ryder" (1883) speaks of the mode of fixation of the larvie of
the American oyster. Assisted by Col. Marshall McDonald, he succeeded
" in obtaining larve of the eggs of the Ostrea virginiana artificially
fecundated. These larvea, after twenty-four hours, adbered to the sides

1An account of an experiment in artificially fertilizing the ova of the LEuropean
oyster (Ostree edulis). Report of Ferguson, commissioner of fisheries of Maryland,
1881.

16 De la sexualité chez Dhuitre ordinaire ( 0. edulis) et chez Vhuitre portugaise (0. « ngula{a)-
Comptes Lendus, &c., vol. xev, p. 256.

170n the mode of fixation of the fry of the oyster. Bulletin of the U. 8. Fish Com-
mission, vol. ii, 1882, p. 383.
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of the glass vessels in which they were. They became so firmly fixed
that o strong current of water could not detach them. He could not
discover with any degree of certainty in whatmannerthey were attached;
but, although he admits the possibility of the existence of a filamentous
byssus, le supposes that the fixation takes place by means of the edge
of the mantle which protrudes from the shell; because he has often
SCen the larva resting on its gide, and the edge ot the mantle protrud-
ing from the valves. Betore the larval period cowes to an end the
Straight line of the hinge disappears more or less as the shell grows.
When the larva has become fixed, new layers of shelly matter are de-
Dosited round the edges, presenting a prismatic structure. During this
growth the hinge end is slightly lifted np, so that it is clear that shell
Watter is deposited along the edge. The lower valveis so firmly attached
.tO the collector by the organic matrix of the shell (the conchyoline) that
it cannot be torn from it without breaking it.

II.—PERSONAL RESEARCHES.

These observations were made duaring the smmmers of 1851 and 1833,
at our branch station of Wemeldinge,'" where I received all the assist-
ance that could possibly be rendered from DMessrs. Zocher and De
Leeuw. The parks found in the neighborhood, in which the larve of
the oyster were allowed to aflix themselves, proved very useful for my
Yesearches. The study of the development of the oyster is beset with
difficulties, which has led Professor De Lacaze-Duthiers to say with
£0od reason that * the oyster is certainly one of the species of the group
of the acephalous lamellibranchiata, the study of whose organization
and development is exceedingly difficult.” '  With most of the lower
grades of animals the sexes are separated, and the sexual products,
when mature, are ejected; consequently fecundation takes place outside
of the body. It is entirely different with the oyster. Not only o its
embryos pass the first stages of their development in the mantle cavity
of the mother oyster, and fecundation takes place inside and not out-
Side, but the eggs and the spermatozoa probably meet in the excretory
canals of the sexual gland. If one wishes to observe the first changes
of the fecundated egg, this cannot be done, as with most of the lower
grades of animals, Ly artiticial fecundation ; but one is obliged to open
a certain number of oysters containing eggs. If one opens a mother
Oyster in the ordinary manner—that is, by cutting the adductor muscle
of the shell—it soon dies, and the normal development of its offspring is
Embryos separated from the wother oyster
an aquarium, but they cither soon become
Thus Protessor De Lacaze-

Consequently disturbed.
Iay be preserved alive in :
sick or their development stops entirely.

—

'*Seo the Sixth Annual of the Zoological Station..
% Mémoire sur le développement des Acephales lamellibranches.

vol. xxxix, p. 1197.

In Compt. Lend., Paris,






