XXIIL—REPORT OF.EXPERIMENTS IN THE ARTIFICIAL PROP-
AGATION OF OYSTERS, CONDUCTED AT BEAUFORT, N. C.,
-AND FAIR HAVEN, CONN., IN 1882.

By Lizut. Francis WinsLow, U, 8. N,

The chronicle of the different successful efforts to artificially impreg-
nate the egg of the oyster is short. In 1879, Dr. W. K. Brooks suec-
ceeded with the American species (Ostrea Virginiana). In 1880, follow-
ing his methods, I succeeded with the Portuguese (Ostrea angulata), one
of the European species. During the same season Mr. J. A. Ryder
made another attempt, likewise following Brooks’s methods, with our
domestic oyster, and I have no doubt, though I have seeu no published
accounts of other experiments, that since the initial trial in 1879 Dr.
Brooks bas had many followers both in this country and abroad.

The history of these several efforts to raise the oyster from the egg
by means of the artificial impregnation of the ova has been before the
public for some time. Dr. Brooks’ experiments are detailed in the
Report of the Maryland Fish Commission for 1880, and in the Studies
of the Johns Hopkins Seaside Laboratory for tho same year. Mr. Ry-
der's experiences and my own are published in the Report of the Mary-
land Fish Commission for 1881, All these are so well known that it is
unnecessary to here recapitulate even their principal features; but one
point is worthy of notice. Each experiment has attained about the
same degree of success, or perhaps it would be better to say has failed
at nearly the same point. The egg has been impregnated and the
embryo maintained alive for various periods; but beyond a certain
stage, neither Dr. Brooks, Mr. Ryder, nor myself have yet succeeded
in keeping them.

The suceess of the initiul experiment was so great, and the advance
in oyster culture appeared of so much importauce, that investigators,
myself among the number, were perhaps too sanguine; possibilities ap-
peared probabilities. We expected that as soon as a few changes were
“mide in the apparatus, and methods somewhat more nearly perfect
were introduced, we would be able to produce young oysters with the
same facility as young shad, and with a greater surety with the former
of reaping the reward of our labors, than was possible in the case of the
latter. But after my experience of the past spring and summer I am
convinced that it will require a series of pains-taking experiments, ex.
tending over considerable time and conducted under many dissimilar
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conditions, before the artificial production and culture of the oyster is
made a matter of practical importance.

Both Brooks and Ryder in conducting their experiments naturally
considered first the scientific aspects of the case. Their training and
profession led them, unintentionally perhaps, to regard the practical
application of their discoveries as of less moment; my own feeling
was the exact opposite. The great interest on their part centered in
the process rather than in the result; on my own, in the result rather
than in the process. Their desire was to raise one oyster, mine to raise
many. But feeling that they were more competent than myself to accom-
plish the result they had in view, and knowing that one oyster must be
raised before any method of raising many could be perfected, it appeared
to me very desirable that I should associate myself with either or both
of those gentlemen, that in my effort to obtain results of practical value
I might have the assistance of their counsel and the benefit of their
larger experience. Accordingly, during the winter and spring I had
several consultations with Dr. Brooks and Mr. Ryder, and as the former
‘proposed to continue his experiments with the oyster during the spring
at Beaafort, N. C., and as that locality offered facilities for the work not
possessed by others, I determined to join Dr. Brooks as early as possi-

‘ble and work in conjunction with him as long as the condition of the
oysters permitted, subsequently joining Mr. Ryder in the Chesapea,ke
or at Saint Jerome, should he continue the prosecution of his researches.

The want of success which had attended all previous experiments ap-
peared to be due to the deficient supply of water to the aquaria. Vari-
ous methods of obviating this difficulty had been devised by Dr. Brooks
or Mr. Ryder, and are detailed in their accounts of their experiments,
but no method had proved successful. The embryo was too minute
to permit the removal of any of the water without carrying along the
animal, and consequently the supply was limited to the capacity of the
jar or receptacle. Being unable to afford the large quantity of water
necessary or apparently necessary to the life of the young oyster, it oc-
curred to Dr. Brooks and myself that we might overcome the difficulty
by adding to the water already in the aquaria an inordinate amount of
the several constituents of the sea.-water which were supposed to be
essential to the development of the embryo.

The study of the natural conditions under which the oyster propa-
gates and lives, together with past experience, led us to the conclusion
that the principal obstacles would be removed by increasing the supply
of oxygen and carbonate of liine, with, perhaps, the addition of artificial
currents of air or water through the jars. We were of the opinion that,
working under the above conditions, and with care in the manipulation
of the eggs, we would make a considerable advance towards the solu-
tion of the problem ; but a very brief experience convinced us that it
was more than probable that the supply of a large amount of food was
also an essential factor in the equation, and as we proceeded with the
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experiments we also ascertained that several conditions which we had
supposed were necessary to success might be safely ignored. Proba-
bly had the experiments been conducted simply with the view of de-
termining the effect of the various conditions upon the development of
the eggs and embryos, we might be able to speak more definitely and
with more authority as to the necessity of supplies of oxygen, lime and
food; of the necessary temperature and deusity to be maintained ; of
the rate and manner of development under different circumstances and
of other matters of interest and value. But that end was not our main
object; the determination of those questions appeared to be of secondary
importance and only incidental to the work. In the order of their rela-
tive importance we proposed to accomplish, if possible, the following
things.

1st. To raise one oyster up to the time of attachment.

2d. Guided by the experience attained, to perfect a method by which

. oysters could be raised from the egg in sufficiently large numbers to
make the process one of practical value.

3d. To determine the conditions necessary and favorable to growth.

While we were not successful in attaining either of the first two ends,
yet some advance has been made and incidentally we have obtained
information and gathered experience that throws additional light on
the course to be pursued in the future.

I arrived at Beaufort, N. C., on the 23d of May, Dr. Brooks having
preceded me some two weeks, and I remaived until the 23d of June,
when finding that it was difficult to get oysters in proper condition for
experiment, and wishing to prolong the season as much as possible, I
returned to Washington with the intention of proceeding thence to
some point on Long Island Sound and continuing the experiments. I
also wished to try the effect of placing a large munber of embryo oys-
ters, that had passed through the first swimming stage, on some de-
fined and protected area, such as the private oyster beds of the Con-
necticut oyster-growers. The plan having met with your approval, I
proceeded to New Haven, Conn., and remained in that vicinity about a
month, continuing the previous experiments, and at the same time fer-
tilizing as large a number of eggs as possible, and depositing them on
one of the beds of -H. C. Rowe & Co., of Fair Haven. 1 have not yet
received information which will enable me to speak definitely as to
the success of the latter experiment, but such as1 have received points
in a favorable direction. While nt Beaufort' and at Fair Haven the
'experiments were continuous and occupied every day and a good many
nights. Every effort was made to solve the problem, and at the close
of the season I regret to suy I am as nnable as at its commenc ement to
state the causes which prevented success or indicate those which must
operate to produce fauvorable results. It is hardly worth while to give
a detailed history of a series of experiments that produced negative
results only, or to describe at length appliances and apparatus that
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were chiefly remarkable for failure, though both have their valuein ten-
tative work. I shall not therefore burden this report with such ae-
counts, but confine myself to a statement of the methods and appara-
tus we found of assistance, and of the influence, so far as we were able
to observe it, of the various natural conditions affecting the develop-
ment of the egg.

1. Selection of the oysters.—This is a point of more importance than I
had supposed. Even in the height of the spawning I found it necessary
to use care in selecting the oysters from which I was to derive the gen-
erative matter, and it is especially necessary to use this care with regard
to the males. At Fair Haven 1 have frequently hunted over thirty or
more oysters before finding & male with the spermatozoa in an entirely
satisfactory condition. The superfiuous male fluid is difficult to get rid of
after the eggs have been impregnated, and this difficulty is much in-
creased when the spermatozoa are dead or immature; but unless removed
they soon pollute the water. Bad eggs are of less trouble, but their
removal is sufficiently embarrassing to make it desirable to use only
those that appear entirely ripe. While experimenting on a large scale,
with immense numbers of eggs, as I did at Fair Haven, the temptation
is great, on account of the saving of time and labor, to take any and all
oysters without exposing the contents of the generative organs to the mi-
croscopic examination ; but I found by experience that it would not do to
trust to subsequent manipulation for the removal of unripe ova and sper-
matozoa ; such acourse required in the long run more time and labor than
the selection of good oysters would have done in the first place, and was
not always entirely efficacious. I thiuk the failure of some of the experi-
wents, both at Beaufort and Fair Haven, was undoubtedly due, or par-
tially due, to neglect of these procautions. At Beaufort we werc some-
times compelled to take inferior oysters, but at Fair Haven it was
possible at all times, with ¢are, to pecure a sufficient number entire-
ly suitable for experiment; and if other investigators in this field
are located near any large oysters area they should not experience
any greatdifficulty in obtaining ripe animals throughout the spawning
geason. It must be remembered that the time of spawning or the
ripeness of the oyster in any locality is dependent upon several condi-
tions, the principal being the depth aud density of the water, the shal-
low and brackish water oysters spawning first. I am of the opinion
that even those oysters from the same spot will be found to be in vari-
ous stages of ripeness, such having always been my experience, and,
consequently, it is necessary to search carefully for unfit animals, even
when the majority of the lot appear in an entirely proper condition.
his refers, of course, to an experiment on a large scale, somewhat simi-
lar to my own at Fair Haven, where I used the generative matter of
several hundred oysters nearly every day. Working on a smaller scale
the experimenter would naturally use sufficient caution. Throughout
the season, with large and small numbers of eggs under observation,
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the large number of eggs which never advanced in development was
constantly noticeable. Many had apparently escaped the attack of
spermatozoa, and many more only advanced through the very earliest
stages of segmentation. This was the case very frequently with the
eggs taken from oysters that were, so far as could be judged, perfectly
ripe, the eggs under the microscope appearing free from granular mat-
ter, well defined and of clean outline, well-shaped, and germinative
vesicle obvious. The frequent recurrence of this ¢circumstance leads me
to believe that the eggs of even one oyster are not all ripe at the same
time, though they may approximate to it. It seems very desirable that,
as recommended by Mr. Ryder, the histology of the ovaries should be
exhaustively studied, that the matter may be settled; its importance
to future experiments and to practical work is too obvious to need com-
ment. One other point may be mentioned in this connection. I found
one female oyster at Beaufort and one at Fair Haven with the visceral
mass, including the ovaries, filled with Bucephalus ouculus. I have not
met with any similar case, and consequently, the evil must be excep-
tional; but that it is possible is certain, and that possibility is an addi-
tional reason for using care in selecting the ova for artificial impregna-
tion, as the presence of bucephalus as well as infusoria in large numbers
in the water of the aquaria will conduce to failure. Dr. Brooks, in his
account of the initial experiment, has described the appearance of the
generative fluids when in proper condition, and I need not duplicate
his work. I only desire to impress my conviction that success or fail-
ure of experiments in this field is due, to considerable extent, to the
care, or want of it, in selecting the oysters from which are taken the
products of generation.

2. Impregnation of the egg—The methods followed and advised by
Brooks should be strictly adbered to. The males should be first treated,
and care should be taken that not more spermatozon is used than is
necessary. One male will supply sufficient for half a dozen females,
but it is better to usc a larger number and only partially wash out the
spermaries. In both sexes the ripe fluid is most eaffly removed, and
though after the first washing there appears in the crystal or saucer a
large amount of generative matter, yet most of it is probably unripe
and bad better be thrown away. A perusal of Brooks’ notes on the
structure of the generative organs will be sufficient to convince any one
that the course I recommend will have its influence in preventing un-
ripe ova or sperinatozoa from getting into the aquarium jars; and, as
I have stated, the insurance of this point is a matter of importance.
The impression derived from Dr. Brooks’ paper has been strengthened
by the experience of the past season, and I am of the opinion that in
several of the experiments I would have bad more swimming embryos
had I not had so many eggs; many nover developing and ouly polluting

the water. : . ¢
In removing the generative organs, the time and labor expended in



746  REPORT OF COMMISSIONER OF FISH AND FISHERIER. [6]

getting rid of the mantle, gills, digestive tract, and fragments of the
muscle is well bestowed. There is but little danger of an insufficient
number of eggs being secured while the presence of fragments of the
organs just mentioned, due to hesitancy in using the scissors and sac-
rificing large portions of the ovaries or testes, exerts a very deleterious
influence upon the future development of the egg.

As soon as the generative organs of the male are removed they should
be washed out in salt water. It 1s not advisable to defer this action
for any considerable time and consequently only a few oysters should
be treated. The spermatozoa soon dies if left exposed to the air and I
account for the large number of males with dead cells which I noticed
at Fair Haven, by my non observance on several occasions of this pre.
caution. I wasin the habit, at first, of opening thirty or forty oysters
and removing the generative organs of all, before washing out the cells.
As this required considerable time, and as at first I did not select the
males for treatment before removing the eggs frow the females, many
of the difficulties I experienced in disposing of superfluous spermatozoa,
and in securing thorough impregnation of the eggs, are due, probably to
the above cause. With the females it is, so far as my experience goes,
not necessary to use so much care. The principal precaution to be taken
is in bringing the ova and spermatozoa in contact as soon as possible
after the former have been exposed to the water. As Dr. Brooks poiuts
out, the eggs soon disintegrate after they are placed in the water if they
are not attacked by the spermatozoa. To suimn up, it is advisable to
use a moderate number of oysters of both sexes, not to be over particu-
lar in securing the contents of the generative organs, to treat the males
first and supply the spermatozoa with water as soon as possible, and to
bring the two fluids in contact immediately after the eggs have been
washed out of the ovaries. Ten or fifteen minutes should be the maxi-
mum time of the operation. - Though the observance of these points
precludes, to a certain extent, the manipulation of large numbers of
oysters by one person, yet, so far a8 my experience goes, it seems essen-
tial to success. Th the experiments conducted on a small scale, when I
used care in all these particulars, I obtained proportionately much better
results than when working on a large scale and using a bundred or
more oysters; in the former case to accomplish the object I had in view
every care was necessary; in the latter I -sacrificed something to the
supposed vecessity of obtaining a very large number of fertilized eggs
every day; but, after cousiderable experience with both methods, I
am pow convinced that a few oysters and eggs, carefully treated, will
produce a larger number of embryos than when the number of oysters
is 80 great as to preclude the observance of the most minute precau-
tions.

The most satisfactory results were obtained when the two fluids,
having been well mixed together and the fragments of mantles, gills,
and organs allowed to settle, the contents of the tumbler were poured
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off, and the sediment at the bottom thrown away. There is no other
way of satisfactorily getting rid of the fragments of the varjous organs.
1 have strained the fluids through fine muslin, have squeezed them out
of the generative organs with the hand instead of cutting them up,

_have even ground up the visceral mass in a coffee-mill; but I found
no wmethod so productive of good results as obtained by chopping
the reproductive organs into a few pieces and washing them once or
twice in a glass of salt water, allowing the glassto stand afew minutes
and then pouring off the water containing the eggs and excess of male
fluid.

After getting rid of the debris, the contents of the glass should be
stirred frequently for ten or fifteen minutes and then allowed to stand
quiet that the heavy, fertilized eggs way sink to the bottom. Only one
precaution is here necessary; too many eggs must not be collected in
one glass. The layer on the bottom should not exceed one-eighth of
an inch in thickness, and a smaller number of eggs is preferable. 1
succeeded better when I nsed a large number of small glasses (tumblers)
than when I used one or two large jars (trout hatching jars) for this
part of the process, and not ouly were the results better but there was
an appreciable saving in time, with the tumblers. The evils of the large
receptacle are the same as those noticed when too many eggs were put
in one tumbler. So much time was taken up by the eggs in sinking to
the bottom after each renewal of the water, that spermatozoa were car-
ried along with them; and the eggs after reaching the bottom were
packed so closely together, and on top of each other, that they resem-
bled a slimy mass of mucous, and could not be readily detached from
the glass or from one another. Such conditions obviously hinder de-
velopment and should be guarded against.

The removal of the excess of male cells and unripe or floating eggs
is a simple matter of easy accomplishment. As soon as the eggs are
at the bottom of the glass, siphon off the water and refill the tumbler.
After the first two or three operations the eggs can be seen as a white
cloud sinking through the water; ten minutes rest between the oper-
ations is quite sufficient time for the eggs to sink. If they do not
descend in a solid mass, but ¢ stragzle” to the bottom, it is an indica-
tion that there are many but partially ripe or unimpregnated eggs in the
lot and that the prospect of a successful issue to the experiment is
slight. 7T'be water should be changed until, after the eggs have sunk
to the bottom, it is perfectly clear. The investigator can then pro-
ceed to the next operation.

3. Careof theeygs during segmentation.—After the waterin the glasses
has been cleared, and all deleterious matter disposed of, it is of greatest
importance that the eggs should have room for development; that is
that they should not press upon or in other ways incommode each other.
There are a number of other points of importance to be observed but
1 defer their consideration, for the present confining myself to features
of the manipulation that must be common to all experiments.



748  REPORT OF COMMISIIONER OF FISH AND FISHERIES. (8]

If the eggs are in a thick layer on the bottom, only a few, compara-
tively, develop, and this fact consequently necessitates the use of shal-
low jars, or dishes, having a large bottom area, during this part of the
process, or else some other form of apparatus which will produce the same
desired result, viz, freedom from pressure. During the past season wo
accomplished this end, approximately, by placing the eggs when once
free of débris and unripe eggs or excessive spermatozoa, in soup plates
or large platters; at Fair Haven I used the largest dishes I could pur-
chase and with good results. The principal point is not to overcrowd
the eggs ; it is better to err on the side of too much caution, sacrificing
some of the eggs if necessary, rather than in the attempt to save all,
run the risk of very many failing to develop. I also devised another
method which gave fair results, and which appears susceptible of
improvement. It consisted of a small glass funuel holding about a
pint, and having a jet of air through a narrow orifice in the Dottom.
The water containing the eggs was placed in the funnel and a small
stream of air, as little as possible, was forced up through the apparatus.
The eggs by this means were kept constantly in motion, rising in the
middle and sinking along the sides of the funnel. We got very good
results from this appliance but I am not prepared to say that it suc-
ceeded very much better than the platters. A slight improvewment in
the form of the funnel would add to its efficiency ; the nearer perfectly
conical its interior form the better.

We did not find it necessary to add any water during the process of
segmentation, but having once placed the eggs in the plates or funnel,
we allowed them to remain undisturbed until the first swimming stage
was.reached. It is very important that when using the plates all the
preparations for operations subsequent to the time of arrival at the
swimming stage should be completed several hours before that event
occars. The plates must not be moved nor the eggs disturbed, else it
will be impossible to avoid carrying into the second receptacle many
undeveloped eggs. In using the cone, a rest due to cessation of the air
jet for one hour or more was allowed, before any attempt to remove
the swimming embryos was made.

Attention is called to Brooks’ description of the development of the
egg, in order that the significance of thislatter point may be appreciated.
The embryo swims at the surface but a comparatively short time; very
large numbers of eggs never reach this stage aud the swimming embryos
must be separated from them before the disintegration of the former
renders the water so impure as to insure the destruction of the latter.
This removal is not always easy of accomplishment, but we succeeded,
partially, by using two plates. In one was placed the eggs during
segmentation, with water enough to nearly fill it. The gecond plate
was arranged under the first, so that any overflow from the latter would
fall into it. After the embryos began to swim the first plate containing
them was overflowed, drop by drop, by means of a minute streamn of water






