XXXIV.—RESULTS OF THE INVESTIGATIONS RELATIVE TO THE
OVSTER AND ITS CULTIVATION AT THE END OF THE FIRST
YEAR OF THESE INVESTIGATIONS.*

[Appendix to the'Sixth Annual Report of the Zoological Station of the Netherlands
. Zoological Association.]t

LEIDEN, 1881.

The review (catalogue raisonné) of the literature of the oyster, referred
to in our report, was completed during the month of June. If is in-
tended to form the first part of the final report on the investigations
relative to the oyster, but on account of its size (104 pp. 8vo, close
print) it has been thought best not to embody it in this appendix.
The table of contents of this review, which has not been given to the -
book-trade, is as follows: - '
Introduction.

The * Ancients” on the oyster.
Conrad Gesner (1516-1565) on the oyster.

A. Works of a purely scientifio character :

1. Systematioc study of the oyster, and its geographical distribu-
tion. : : .
IL General anatomy and physiology of the oyster.
III. Anatomyand physiology of the generative organs of the oyster
IV. History of the growth and development of the oyster. )
B. Works relating to the general natural history, fishing, cultivation, &o.
of the oyster: !
I. Works which donot exclusively relate to onecountry or locality.
II. Works relating to the oyster-fisheries and the cultivation of
the oyster in the Netherlands.
III. Works relating to the oyster-fisheries and the-cultivation of
" the oyster in Belgium.
IV, Works relating to the oyster-fisheries and the cultivation of -
the oyster in France. .
V. Works relating to the oyster-fisheries and the cultivation of
the oyster in Great Britain and Ireland.
V1. Works relating to the oyster-fisheries and the cultivation of
the oyster on the German coasts of the North Sea.
et Overzioht van den siand van het onderzook do oester en haar oulluur betreffonde aan het
einde van het eorst onderzoekingsjaar.’—Translated from Dutoh by HERMAN JACOBBON,
t Zesde Jaarverslag | omtrent het | zoblogisch station | der | Nederlandsche | Dierkundige
Vereeniging, | uitgebracht door de Commissid voor het zoblogisch station, | op de Fergadering
van 10 December, 1881. |
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VII. Works relating to the oyster-fisheries and the cultivation of
the oyster on the coasts of Denmark, Sweden, and Norway.
VIII. Works relating to the attempts to establlsh oyster-beds on the
coasts of the Baltic.
IX. Works relating to the oyster-fisheries and the cultwatlon of
the oyster on the coasts of the Mediterranean and Adriatic.
X. Works relating to the oyster-fisheries and the cultivation of
the oyster on the east coast of North America.
‘X1, Works relating to the oyster-fisheries and the cultivation of
the oyster on the coast of China.

Alphabetical index.

The investigations relative to the ANATOMY OF THE OYSTER were in
charge of Messrs. Hoek, Vosmaer and Waalewijn.

Dr. Hoek writes that, as far as the geuerative organs are concerned,
the more important questions are those relating to physiology, at least
in viewing the matter from the point of view of an -oyster cultivator.
These questions—to mention some of them-—are.as follows: A¢ what
age does the o _/ster begin to propagate? What percentage of the oysters on
a bed take part in the propagating process? Does the propagating oyster
exercise the functions of one sex or of both sexes? Does one and the same
oyster propagate once or more than once a year ¥ &ec. All former investi-
gators, who have occupied themselves with this subject, have attempted
to answer these and other similar questions. The reason why they did
not succeed—for even the investigations made by the most prominent
among them (Davaine, Lacaze-Duthiers, Mobius, &e.), have not led to
any certain results, but only to more or less doubtful suppositions—must
be found in the circumstance, that an attempt was made to answer these
questions, without any satisfactory knowledge of the anatomical (both '
macroscopic and microscopic) eonstruction of the oyster.

What is the construction of the generative organs? Where are they
located? How are the generative products emitted? These three ques-
tions seem so simple that it is difficult to imagine that they could not
be satisfactorily answered by the aid of the experience of former inves-
tigators.. The oyster is not such a rare shell-fish, nor can it be classed
among those animals which, on accouut of their small size, are difficult
to examine. The fact that its anatomy is particularly little known is
doubtless owing to the circumstance that the oyster—more than other
mollusks—presents great difficulties to the use of the dissecting needle,
scalpel, and magnifying glass, to such a degree as to make such experi-
ments appear futile and bring themm to an abrupt close. Our more mod-
ern methods of investigation cannot yet be said to be entirely suited to
the.nature of the oyster; it will nevertheless be to these methods that
we will have to look for a speedy and deeper insight into the construc-
tion of the generative organs.

These methods consnst principally i in hardening the oyster and in ob-
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taining their sections for microscopic observations. Oysters can be
hardened by means of different liquids; as far as our experience goes,
we are inclined to give preference to pure alcohol or combinations of
chrominm. '

The results which have.so far been reached, and which, from their
nature, must be considered as preliminary, are given below. Although
it would perhaps be preferable not to publish some of these supposed
results, as yet, we shall give them, so that they may serve as guides in
future investigations :

(L) The generative organ of the oyster is not, as in other lamellibran-
chiates, a strictly localized organ, but extends equally on both sides of
the body. The organ on the right side is connected with that on the
left, both on the abdomen and on the back, and besides this by a por-
tion which bounds the pericardial cavity in front. It is therefore a con-
tinuous organ which does not extend into the mantle.

(2.) The generative organ is located near the surface of the body, but
is separated from the skin by a thin layer of tissue.

(3.) The generative organ consists of a system of vessels which,
throughout, have an anastomotic character, and which run parallel with
the surface of the oyster, and from their internal sides or faces there
arise blind tubular prolongations which extend inwards into the tissue
of the body. In these tubes the generative products are developed.

(4.) The generative products are developed from the epithelial cells,
which cover the iuner sides of these blind tubes or follicles. During this
process both male and female generative products are developed close
to each other in one and the same follicle, apd can gradually be distin-
guished from each other by their stracture and the manner in which
they color. :

(5.) It must be considered as a rule, that one of the two generative

products in one and the same oyster will, in its development, by far ex-
cead the other. Those generative organs which furnish principally
male products, contain but few eggs, and these in a very backward
state; whilst in thoso organs which furnish principally female products,
the male products appear to be still less developed than the female pro-
ducts in the first mentioned case.
. (6.) The generative organs of an oyster, having young spat in its gills,
appear in sections as large vacant spuces. ‘Whilst in such oysters nearly
all the eggs had disappeared from the follicles, the male products were
much mord developed than had been observed in some principally female
oysters, during the period that the eggs were still in the follicles. This
observation seems to favor the opinion that the same follicles develop
first eggs and then spermatozoa. This, however, does not prove that
the reverse cannot also be the case. :

(7.) The opinion advanced by Lacaze-Duthiers, that all the blind tubn-
lar acini or follicles of the generative organ, on both sides of the body,
pour their contents into-a main channel, having an opening on each gide



1004 REPORT OF COMMISSIONER OF FISH AND FISHERIES, [4]

near the surface of the body, located under the mantle on the ventra.l
side of the large muscle, rests on a mistake.

(8.) Rollestow's and Robertson’s opinion, that lymphatic vessels occur
in Lamellibranchiates, deserves to be carefully examined. There are,
in the oyster, vessels, the inside of which is coated with a layer of cells
with small cilia. - These may be observed especially in both sides of the
pericardial cavity, Occasionally specimens are obtained in which they
can only be distinguished from the anastomosing vessels, on the internal
aspect of which the generative follicles are found, by the greater length
of the hairs. In some specimens such a supposed lymphatic vessel, ac-
cording to the view of Rolleston and Robertson, may be observed, one
side of which is coated with young eggs.

(9.) It is improbable that the organ of Bojanus has anything to do
with the emission of the generative products. Nothing is known con-
cerning such an organ in the oyster; but everything which relates to
the determination of the anatomy of the generative organs of the oyster,
should be ‘carefully observed. It is found on the ventral side of the
pericardial cavity and communicates with it through a narrow slit, al-
most a distinet papilla. In sections of this organ cacal tubes may be
observed, the yellow and peculiarly formed cells of which are highly
characteristie. .

(10.) It may be considered as absolutely certain that the eggs are im-
pregnated by spermitozoids from another oyster; but it cannot as yet
be said with certainty whether these spermatozoids reach the eggs at
the very moment they are emitted, or whether this takes place in the
generative follicles or in some of the vessels,” Whenever an oyster has
eggs between her gills, all that can be said with absolute certainty is
this, that these eggs have been produced by that oyster.

. Dr. Vasmaer oftered the followmg report of his observatlons relative
to the natural history of the oyster:

Owing to the nature of the case the following observamons can only
be regarded as implied by their title, as a report of my activity. -It would
be unjust to look at preseut for important results. .

After having microscopically examined a number of large oysters, in
order to get a general idea, I soon became convinced that success could

_only be looked. for from microscopic observations. The method now
so much in vogue of making a series of sections or slices, in order to
obtain a clearer insight into the structure of the animal, will doubtless
throw light on many dark points. Although I am sorry to say that I
am not yet able to state where the generative vessels empty, I feel con-
vinced that a series of sections will lead to some certainty in this mat-
ter. It is certain, however, that the opinions of Lacaze-Duthiers and
those who have followed him are not correct.

Firmly convinced that the method referred to is preferable to all
.others, I havenot only made numerous sections of small oysters, which,
therefore, in their entirety, could be subjected to microscopic observa-
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tions, but also of large oysters, cutting thick slices in different direc-
tions; and by sketches which I have made of all these cuts, I have
been enabled to compare these observatlons with those made in other
gpecimens and in the usual way. In the first place, as regards the
shape and location of the gut, or rather of the entire digestive canal, I
. found that it i3 not nearly as uniform as is generally supposed.. I, for
- my part at least, have not seen mention made, in any work, of a dxﬁer-
ent location of this duct. It also seems to me an important circum-
stance that, as a general rule, the anus is located on the side and not
at the end of the duct. A small bag is, therefore, formed at the end of
the duct which, in one case observed by me, showed a sort of worm-like
appéndage.

A series of sections is extremely well suited to give some idea of the
relation between the generative organ and the liver. Whilst the gen-
erative organ appears to thin out round the liver dorsally, it gradually
increases in thickness towards the bottom ventral side; the liver, how-
ever, runs, though much narrower, through to the place where'the great
cavity begins, which contains the heart and the so-called organ of Boja-
nus. [The liver does not extend to the pericardiac space; this is the
case in Ostrea Virginiana as well a8 in O. edulis, as may be shown in
longitudinal sections.—J. A. Ryder.]

More than once I have had to make injections of the heart and the
vessels originating in it, but I cannot say that these attempts have been
particularly successful. Of larger blood vessels I could, on the large
cuts, only distinguish one (probably the aorta). In view of the fact
that there are still strange and conflicting opinions as to the course of
the blood vessels, furtber experiments vgth injections cannot be too
highly recommended Important conclusions may possibly be drawn
from the contraction of the heart, which continues for a long time after
the oyster has been opened; at least va.nous questions are thereby sug-
gested, such as whether the motion of the so- called Bojanus organ is
voluntary or involuntary? I think I have noticed that the diastole and
systole did not take place simultaneously in both portions of the heart,
but alternately. I must repeat, however, what I said above, that all
these observations bear more or less the character of suppositions, which
stand in need of further proof.

As regards the method of making preparatxons, several of those com-
monly in use have been tried. The hardening by means of Miiller's
liquid, which in the beginning seemed to promise well, cannot be recom-
mended for fine microscopic cuts.

It will be best to use alcohol of 70 per cent. or of 90 per cent., or pure
alcohol, and then to embed the hardened oyster, in paraffine in the well-
known way,; or also picric acid, which takes the lime out of the shell.
In this manner small, one-year old (and younger) oysters can be pre-
served whole. :

I need hardly say that it is very important to examine oysters.of
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various ages. Special attention should, however, be paid to young oys-
ters, and to the development of the generative organs in these. As far
as my observations go, exclusively male or exclusively female oysters
do not oceur. In full-grown, healthy oysters an oval lump of sperma-
tozoa may be observed, surrounded by free eggs placed radially and with
great regularity. In comparing perpendicular and other cuts, these
egges appear in close elliptically-shaped groups or lumps, each in a tissue
pouch, or several together in one and the same pouch. The eggs are
generally attached by a wide base; are granular, and provided with a
large, round nucleus and nucleoli. In specimens stained with fine picro-
carmine the difference between the nucleus, with its appurtenances—
sit venia verbo—and the egg-cell itself can be very distinetly obsetved.
The egg-cell has a brownish-yellow color, and is granular, whilst the
nucleus is reddish, and appears to be & homogeneous body. In oysters
which have already lost some of. their young spat, the empty pouches
or hulls may be seen in considerable number. As far as my observa-
tions go, I am inclined to think that eggs and spermatozoa do not mature
simultaneously. It seems that new generative products may at a later
period be developed in the empty pouches. It would be worth the
trouble to examine into this matter carefully.

My preliminary observations have convinced me that it is absolutely
indispensable to the success of these investigations to make a series of
sections of oysters of different ages and examine these carcfully. If
during the coming year I am privileged to continue my mvestlgatlons,
I shall principally follow this method.

The investigations relative to the history of the development of the oyster
are perhaps farther advanced than any other portion of our investiga-
.tions. They were in charge of Dr. Horst and Professor Hoffmann. Mr.
Horst made use of the booth of the zoological station at Wemecldinge,
described in the first part of our report; and his observations were so
successful that he was qnabled to prepare a brief review of the embry-
ology of the oyster, accompanied by the necessary illustrations. This
review is. too extensive, however, to be embodied in-this report, as a
whole, and we shall therefore give its principal features in brief outline.

It is particularly difficult to obtain the necessary facts relative to the
first stages of the development of the oyster; and it is hoped that next
year’s observatiqns will supplement those of the present year. The
principal difficnlty lies in the circumstance that, as a general rule, more
female (mother) oysters are found with old than with quite young brood.
There is no doubt that, in their general. features, the first stages of the
development of the oyster-egg resemble those of other bivalves. The
result of the first stage in the process of development is, that the lower
(vegetative) pole of the egg is'formed of a large granular cell from which
the entoderm® (and mesoderm ?) develop, whilst on the upper (animal) pole
‘numerous smaller cells may be observed which furnish the material for

*I have retained two terms, which are not found either in Webster’s Dictionary or
in Dunglison’s Medical Dictionary, and'which—not being Dutch, but Greek—will be
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the ectoderm. The last-mentioned cells gradually grow all round: the
vegetative cell or sphere without however inclosing it entirely. After-
wards these cells also begin to segment, and a layer of cylindrical cells.
is formed, which is slightly invaginated or pushed inward at one point
and which forms the entoderm.

About the same time a crescent-shaped groove is formed at the other
pole of the egg by an invagination or pushing inwards of the entodermal
cells (erroneously called the gastrula mouth* by former investigators),
from which the shell-gland is developed. Soon after this we see the
formation of the primary intestinal channel by a further invagination
of the entodermal surface. Back of the opening of the mouth a few large
cells make their appearance, which must probably be considered as the
first mesodermal cells. The shell-gland has now assumed the shape of
a deep little bag, the wall of which is composed of large cylindrical cells.
The portion of the ventral side located below the mouth projects con-
giderably during the succeeding stage, so ‘as to form a sort of foot, as in
the embryo of the snail.

During the further growth of the embryo the entoderm develops into
a spacious stomach cavity, with a sac-like appendage, which later forms
the end of the intestine, but which is still closed; the gastrula mouth
becomes the permanent mouth. The ectoderm is now lifted up from
close contact with the entoderm and in this way the body cavity is
developed. The invagination of the shell-gland has meanwhile disap-
peared almost entirely by an inflection of its margin. Its place is now
“occupied by a thickening of the ectoderm, consisting of long conical cells.
Thiese cells develop a thin membrane, which is the first trace of the
shell, from which it appears that the bivalvular shell does not originally
appear as such, but that the shell begins to form as one piece. .Above
the mouth a circlet of vibratory filaments begins to make its appear-
ance, which later forms the velum, the organ of motion of the larva.

During the succeeding stage the shell rapidly increases in size, and
almost entirely envelops the larva; the velum becomes more clearly de-
fined, and in the center of the velar area, encircled by its ciliary ring or
crown, a thickening of the ectoderm (velar plate) begins to make its ap-
pearance. A funnel-shaped gullet forms the entrance to the pear-shaped
stomach, whilst the hinder portion of the intestine develops an opening
cominunicating with the outside.

By the appearance of pigment at different points of the body of the
larva (velar plale, gullet, stomach) the white spat assumes a dark gray
color and becomes black spat. On both sides of the intestine muscles
begin to develop, running downward from the hinge, by means of which
the head part, which protrudes from the shell, can be drawn in; and like
the abductor muscle, which connects the Jeft and the right valves of the
shell and .closes them, the former are also developed from mesodermal

easier understood, if given in the original, than if a translation had been attempted:
“ entoderm,” ‘‘mesoderm.” The similar term ' eotoderm” is found in Webster, but not
in Dunglison.—TRANSLATOR.
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cells. The velum now appears as a double row of long threads, which
gurround a vaulted surface, and in the center of which lies the velar -
plate or thickening, which projects outwardly, and consists of several
layers of cells ; from this the pharynx* (mouth) arises at a later period.
The intestinal channel has meanwhile increased considerably both in
length and width; the stomach has been divided by a constriction into
a lower and upper portion, and the intestine arises from the line of junc-
tion of thetwo. The anterior portion of the stomach develops on the up-
per side a large round sac, the rudiment of the liver; the whole intesti-
nal channel is coated internally with fine ciliary filaments, with the ex-
ception probably of the hepatic protuberance. On the ventral side of
the larva, in nearly the same place where formerly the so-called ¢ foot”
was located, a knob-shaped enlargement of the ectoderm begins to make
its appearance, which is probably the rudiment of the pedal (parieto-
splanchnic) ganglion. . :

Older stages than those on which the above observations were made
have not been examined. In order to recognize very young oysters
which have just adhered to an object, a glazed tile covered with pure
lime has been successfully substitated for the usual collector (stone tiles
covered with a mixtare of lime and sand); on such a collector an oyster
measuring only 0.57 millimeter could be distinctly recognized with the
naked eye. ' : ,

In conclusion Dr. Horst gives some information relative to a presumed
‘enemy of the oyster spat. He says that in his aquariam, which con-.
tained a foemale (mother) oyster, which every now and then emitted large
quantities of spat, there were also a number of actinia (sea-anemones).
- The quantity of oyster spat decreased visibly without his being able to
discover the cause, until one day he saw bluish-gray pellets, measuring
but a few millimeters, come out of the mouth of an actinia. These pel-
lets appeared to consist exclusively of empty oyster shells of the most
diminutive size, and therefore showed that the actinia had been feeding

on oyster spat. .

" Professor Hoffmann makes the following report on his investigations:
During the second half of July he occupied himself with some investiga-
tions relative to the development of the oyster. The great heat during

_July, by which the temperature in the wooden shed rose to 94°, made
it impossible to steadily continue the observations. :
The first stages of segmentation were not observed, whilst full obser-
vations, both on optic and actual sections, were taken during the gastrula
stage. The gastrulat does not belong to the hollow, but rather to the

*The Dutch word * bovenslokdarmknoop” is not found in any Dutch dictionary. Mr.
Ryder has rendered it as the rudiment of the mouth or pharynx.—TRANSLATOR.

1 This word is not fonnd in Webster'’s English nor Dunglison’s Medical Dictionary.
The words coslogastrula and sterrogastrula are translated hollow' and solid type by Mr.
Ryder. These are wordsof little consequence, exocept as descriptive of different con-
ditions of development of the body cavity. All mollusca nova appear to pass at first
through a sterrogastrula stage, followed by a coelogastrula condition,—TRANSLATOR.






