XXIV.—AN ACCOUNT OF EXPERIMENTS IN OYSTER CULTURE
AND OBSERVATIONS RELATING THERETO, (SECOND SERIES,)*

By JoBN A. RYDER.

The work of experiment with the eggs and embryos of Ostrea vir-
ginica were carried on for the season of 1882 at the experimental sta-
tion on Saint Jerome’s Creek, Maryland, by Col. M. McDonald and my-
self, under the auspices of the United States Fish Commission. Other
experiments were also conducted at Beaufort, N. C., by Francis Wins-
low, U. 8. N., and Prof. W. K. Brooks, while Mr. Henry J. Rice experi-
mented in Mr. E. G. Blackford’s laboratory, Fulton Market, New York
City. The other obseérvers named above will, however, probably pub-
lish their results at length in due time, so that it is unnecessary for me
to do more than allude to their work.

I left Washington with the United States Fish Commission steamer
Fish Hawk in June last, but did not begin any actual investigations
until July 3 following. In the description of my investigations, as well
ag those made jointly with Col. M. McDonald, 1 shall rely in great
measure upon the journal in which I recorded the principal observa-
tions and experiments from July 3 to August 11, 1882,

July 3.—Investigated the contents of the stomachs of a number of
adult oysters taken from the channel which leads to the pond. The fol-
lowing organisms were observed amongst the more or less disintegrated
‘“chyme” examined: Nauplii of crustaceans, their chitinous tests with
the soft animal contents more or less completely digested out; empty
diatom frustules, as well as a number filled with a vacuolated rich-brown
eudochorme4 one shell of a larval gastropod (Crepidula), and some
very young larve of nudibrancbiates; the shell of a larval lamelli-
branch, not ideutified, with the valves still adhering together, Mature
zodids of Pedicellina americana Leidy were also noticed, and in the pos-
terior portion or pyloric end of the stomuch vast numbers of vibrios
were noticed, which I identify as a form generically identical with Spir-

* The first of this series has already been published in the report of the Maryland
Cowmmissioner for 1881, embracing my work for that year. The present paper was pre-
pared some time in September, 1882.
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illum* The filamnents are capable of straightening out and contorting
themselves into a great variety of forms. The usual shape of these or-
ganisms is that of an apparently spiral thread of extreme tenuity, which
exhibits lively movements of progression in right lines, like the Oscil-
latorie, Diatoms, and lower Alge in gencral. In consequence of the
power which the filaments have of bending themselves, they may also
exhibit vermicular movements. This organism is sometimes found in
prodigious numbers in the vicinity of the crystalline style. Sewage is
not the source of it, because this Spirillum [Trypanosoma] is found
equally abundant in the stomachs of oysters from muddy or from clean
bottoms, from deep or shallow water, and far from any possible source
of sewage contamination. I also found the tests of a Difflugian in an-
other instance, with the sarcode digested out; the species appears to
be Diflugia acuminata Shr.t The cephalula stage of development of
some worm, species not identified, a mass of vivid green algous cells,
stellate hairs from the leaves of a neighboring exogenous tree, fila-
mentous alge and desmids, cowpletes the list of organisms and organic
remains encountered in the gastric contents of the oyster when examined
microscopically. Many more might doubtless have been found, had one
taken the trouble to spend time in the search.

To-day, at 2.50 p. m., I fertilized a lot of oyster ova; examined about
fifty adults in full spawning condition; but in consequence of the fact
that the water-supply fixtures were not yet in working order, I gave up
experimenting for the present. ’

The interim from the 3d to the 10th of July was employed in getting
our equipment into shape for the work.

July 10.—Impregnated a lot of eggs of the oyster at 3 p. m. to-day;
not a very good lot. Had some difficulty in finding a ripe male; but
the second lot fertilized at 3.30 p. m. came out much better and began
to segment normally within an hour after the time of impregnation.

July 11.—Best lot of yesterday at 3.30 p. m. had the velum distinctly
developed to-day, with the shell-gland formed or forming. Tempera-

[*Ileave my original description of this organism as I wroteit in 1882. M. A. Cer-
tes, in his ** Note sur les parasites et les commensauz de Vhuitre,” Bull- de la Soc. Zoologique
de France, 1882, describes and fignres what is ovidently the same organism under the
name of Trypanosoma Balbianii, and shows that, instead of being spiral as I have de-
scribed, it is really provided with an extremely thin spiral frill wound around the
very slender fusiform body, the frill being the locomotive apparatus of the organism.
1t measures about yiyth of an inch in length, From M. Certes’ description, which I
have since verified, it is evident that I am in error in regarding it as a Spirillum, and
that it is, consequently, probably not to be considered as belonging to the group of
Sehizomycetes at all. (January 3,1884.)]

{+This may have been the test of a species of Tintinnus, a peritrichous infusorian,
some of the species of which build a chitinous case covered with grains of sand very
1ike the tests of Diffugia acuminata. For further facts regarding Zintinnus us food for
the oyster, see my paper entitled “ Rearing oysters from artificially fertilized eggs, to-
gether with notes on pond culture.” Bull. U. 8. Fish Commission, 111, 1883, p. 293.
(January 4, 1884.)]
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ture of water ranged to-day from 87° to 78¢ Fahr. The apparatus for
blowing air upon the surface of the water in the glass batching-dishes
was applied to-day; it scemed to belp to keep the water acrated and
cooler by 3 or 4 degrees than in a vessel over which the air was not
blown. Added a little, not over a tablespoonful, of a saturated calcie
" hydrate solutiou [lime-water] to the water in which the embryos were
developing at 3.30 p. m. This was probably soon after converted into
calcic carbonate by combination with the free carbonic dioxide in solu-
tion in the water. '

I fertilized a fine series of eggs to-day at 12 m. and 12.20 p. m., which
were developing finely at3.30 p. m. Added a little lime-water or calcic
Lhydrate to the water in which these last were developing, as soou as
they were placed in the hatching-house.

In order to test the possibility of changing the water on the eggs, I
devised a simple filtering apparatus, constructed as follows: Over one
end of a straight-glass argand lamp-chimney I secured a diaphragm of
filtering paper between single thicknesses of light muslin or cheese-
cloth, the whole held to the chimney by a stout rubber band, which
bound down the free overlapping edges of the cloth and paper to the
chimney all around. This apparatus was found to answer to a certain
extent, but, like all the filters hitherto tried, was found to clog up and
finally become impervious. The chimneys were suspended with a pe-
culiarly arranged wire ring, which it is unncecessary to describe, depend-
ing for about two-thirds of their length into shallow glass bottles with
wide neeks. The fresh water was poured into the upper open ends of
the chimneys from time to time by hand, and allowed to percolate
through the diaphragm below into the Dottle, overflow from the latter
aronud the chimneys, and run off. This arrangement would work for
a while only ; the diaphragm would finally clog altogether, and, if the
number of embryos in one of the chimneys or cylinders was too great,
putrescence was soon established, when our experiments would come to
an end. It was also found that the chimneys wore too deep; their great
depth, as compared with their width, would force the eggs to settle on
the small area on the diaphragm at the bottom, tending to suffocate the
ova, arrest their development, and kill them. In order to change the
water, I then resorted to common glass funnels and filtering paper, with
indifferent success.

I to-day examined some of the oysters one year and eleven months
old, which had caught on the collectors put into the creek in August
and September, 1880, by my party, under the auspices of the Maryland
Commissioner. The largest specimen measured 3% inches in length and
2% inches in width. Another smaller specimen was found to measure
2 inches in width and 2} inches and a quarter in length. These speci-
mens were found to have the reproductive organs developed and con-
tained ripe spawn. This showed how rapidly oysters which were star ted
from the egg would develop in the course of twenty-three months.
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July 12.—Eggs of the 10th, at 9 a. m. to-day, so diminished in num-
bers as to be hard to find. Those still alive bave velum developed and
are swimming about actively. Infusoria are developing rapidly and in
large numbers; of these there were large numbers of holotrichous spe-
cies, besides very small monads, which were by far the most numerous.
I have about concluded that we put entirely too many eggs into a given
volume of water, thus increasing the chances of putrefaction. Ido not
see, however, that the protozoa are destructive; none that I have seen
appear to be capable of destroying an oyster embryo. Some vibrios
which have made their appearance indicate a more alarming condition
of affairs. Eggs of the 10th were practically dead to-day, though a few
embryos might still be found after much searching.

Eggs of the 11th were not as completely freed from milt as they
should have been. The water in the hatching-dishes is putrescent
this morning, with teeming hosts of putrefactive organisms. Zobglear
membranes or pellicles are visible on some of the dishes. Heat has been
greater to-day than yesterday; last night was cooler than previous one.
Thermometer 85° in the air at 9 a. m.; water in the dishes 84° at the
same hour. Quite a number of embryos are still alive however; the
last lot more developed than the first at the same relative age. Many
with the shell-gland developing. Some were also seen to disintegrate
while under observation. Some had a slimy filament attached to them
whieh impeded their progress in swimming. These phenomena may
explain Davaine’s statement regarding the detachment of the velum;
in other words what he saw was probably simply a putrefactive process
involving the incipient disorganization of the embryos.

At 2 p. m. I transferred the embryos of the 11th into a 2-gallon glass
aquarium, and then filtered off most of the water through a cotton-wool
filter, which seemed to work pretty well, separating the most of the eggs
from the water which runs through quite rapidly. The putrescent odor
after this operation was not now so apparent.

The cotton-wool filter was ‘constructed precisely as the one in which
filtering paper was used, only instead of the latter I used a thick pad
of raw cotton saturated with water, varying from one-fourth to three-
eighths of an inch in thickness. This contrivance, for the construction
of which I had received my first hint from the experiments of Pasteur
and Tyndall, allows the water to pass through rapidly, but is very ef-
fective for a long time, as it clogs very slowly. I have great hopes of
the performances of this last form of filter.

Meanwhile the putrescent action in the aquarinm has apparently ex-
hausted itself. I have had the air-blast blowing on the surface of the
water, and have also immersed one blast-nozzle so as to cause the air
to bubble up through the water in the aguariuw.

July 13.—Putrescence has been to some extent impeded by the air-
. blast, eggs of the 10th July swimming about at a lively rate and in the
condition of Brooke’s Tig. 38, There are, however, but very few sur-
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vivors now remaining, and if one is careful to examine the débris apd
sediment at the bottom of the aquarium a few dead shells of embryos
may be detected with all of the soft parts gone. The most important
step in advance to-day has been a thorough test of the cotton-wool fil-
ters, which will hold the eggs, but which will lodge in the meshes of the
filter, which is a serious drawback. This requires that after using one
of the filters for a short time, in order to change the water on oyster
embryos, its action must be reversed ; that is to say, one must let fresh
water pass through the contrary way in order to wash out those em-
bryos which have lodged in the meshes of the cotton wool.

In consequence of the air-blast blowing continually over the surface
of the water in the hatehing-dishes, there has been considerable evap-
oration going on, 50 as to raise the specific gravity of the water in the
dishes considerably. This does not seem to affect the health of the
oyster larve which are still alive.

I fertilized a lot of ova to-day, with very unsatisfactory results; the
impregnation was not at all successful. Ten adult oysters were used in
the operation—3 males and 7 females. The males were plentier than
on previous days. Temperature of the water to-day ranged from 80° F. '
to 85° F.

June 14.—Cotton-wool filter impracticable for use with a continuous
flow of water, but may be useful in the course of other experiments for
the renewal of the water on eggs and embryos. This was fully tested
by using a series of McDonald jars, connected together with rubber
hose somewhat like a series of Wolff’s bottles. The exit-pipe of each
jar was filled with a cotton-wool filter, so that the water in the third and
last jar had undergone three distinct filtrations, the result of which was
that the water had become exceedingly clear and free from foreign par-
ticles, in fact had been more effectnally cleansed than by the use of any
other filter I ever had seen tried. Theoretically this apparatus, through
which the water ran in a stream about as thick as a crow’s quill, ought
to have rotained the eggs and embryos of the oyster, even though
these were only one five-hundredth of an inch in diameter. The result
of an experimental test showed that such was the fact; that the eggs
and embryos would be retained, but that they would lodge in the meshes
of the filters, where they would finally be covered by other sedimentary
organic and inorganic matter. The result of this experiment showed us
clearly that this method of incubation would have to be abandoned for
something which would meet and satisfy the conditions of our problem
more completely. A poor lot of ova were used in testing this apparatus,
and after its unfavorable performance was made apparent, it was not
thought advisable to waste any more eggs in its use. The prevailing
temperature of the water to-day was from 82° T. to 87° I,

The embryos of previous lots which had been incubating in glass
dishes and aquaria had not been amounting to anything up to this time;
they wero therefore abandoned after a few had reached the age of from
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four to five days and then died. Many, in fact the majority, of the sur-
vivors were more or less diseased, showing vesicular protuberances
from the surface of the body and slow and abnormal movements of the
cilia, with a tendency to develop and trail a slimy thread-like appen-
dagoe after them to which various foreign bodies would adhere and im-
pede the free movements of the infantile oysters. This slimy thread
I regarded as a product of retrogressive development, perhaps, indeed,
of incipient putrefactive or disorganizing changes. The 15th and 16th
days of July were employed in following up the development of the lots
of eggs which had been fertilized before those dates.

July 17.—Another lot of eggs were impregnated this day at 10.30 a.
m., an entirely new method being employed in the operation. The eggs
and spermatozoa were in fact squeezed from the animals with the end
of a smooth, slightly curved pipette; the latter, which was provided
with a collapsible rubber bulb at top, was also used to lift up the gen-
erative products and transfer them to the dishes in which they were
fertilized. The pressure of the side of the pipette was applied progres-
sively along the oviducts, which open and pour out their contents uni-
formly at one point on either side of the body. In this way I find that
I get quite as many eggs as by chopping up the visceral mass, and with-
out contaminating the emulsion of eggs and spermatozoa with fragments
of the other tissues of the body. Temperature of the water to-day fell
from 84° T. to 7G° I,

My success in taking the eggs and spermatozoa by pressure upon the
generative organs and ducts led me to think of applying a similar method
of investigation to the removal of the contents of the stomach. A short
pipette or medicine dropper with a collapsible bulb compressible between
the thumb and forefinger was nused. The nozzle of the pipette was in-
serted into the mouth and through the gullet into the stomach, when
lhe contents of the latter may be drawn into the pipette by relaxing
the pressure of the thumb and finger npon the bulb. If carefully done
no extraneous matters will be taken into the pipette ; absolutely nothing
except the conteuts of the stomach will be removed in the operation
just deseribed. In a lot examined this morning, I find grains of pine
pollen from the neighboring trees, empty frustules of diatoms of various
species, and a considerable number of large, brown, boat-shaped ones
with the brown endochrome still in them. Many of these were still
alive and exhibited their singular and characteristic movement in right
lines. A great amount of organic slime and débris of organisms was
also noticed, but these fragments of the soft parts of organie bodies in
most cases were not in a sufficiently good state of preservation to enable
one to identify them. As a whole, the slimy contents of the stomach
were greeuish, the color being due to at least two causes—the color of
the biliary secretion, and the microscopic particles of food.

The sexes of the oyster may be readily made out by the peculiar
characters of diffusibility proper to each kind of product when dropped
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into the water. I find that the masses of eggs when squeezed from the
oviducts and dropped into clear water immediately dissociate and dif-
fuse themselves as a uniformly graunular eloud if the eggs are perfectly
ripe. If the eggs are not perfectly ripe, they do not separate so readily,
but tend to adhere together in masses. This accordingly becomes a most
" excellent test to determine the degree of maturity of the ova; a very
important practical point in the artificial method of culture yet to be
developed.

The milt or semen of the oyster is stringy and flocculent when dropped
into clear water. If stirred the masses break up into wisps and stringy
clouds before mixing intimately with the water. When the admixt-
ure is complete the water charged with milt assumes an opalescent or
bluish-white tint. 1n practice it is found best to use a very dilute mixt-
ure of water and milt for purposes of artificial fertilization, the phi-
losophy of which is this: One spermatic particle only is needed to
fertilize an embryo; the spermatozoa are vastly—a thousand fold—iore
uumerous than the ova. A superabundance of spermatozoa used in
the process of fertilization simply causes the eggs to be covered with
them. The ineffectual ones on the outside of the egg eventually die and
putrefy and needlessly pollute the water in which the eggs undergo
their development. )

The lot of oyster ova impregnated at 10.30 a. m. to-day aro already
swiming, and have reached the stage at which the micromeres have
included the macromeres. The development attained so for has re-
quired five hours. ,

July 18.—Temperature of water to-day ranged from 75° I, to 84° IF,
Another lot of eggs were impregnated this morning. Embryos of the
17th not doing so well at 3 p. m. to-day. Was probably not careful
enough to get rid of superﬂuogxs milt. Tilters still hold the embryos,
but many of them have threads of slimy matter hanging to them, with
blister-like protuberances, which are abnormal, due probably to imper-
fect renovation, aeration and purification of the water, and aceumulation
of slimy sediment in the jars and aquaria. I fertilized another large
lot at 12 m. to-day, using nineteen adults in the operation.

July 19.—Oyster embryos of 17th and 18th diminishing in numbers
rapidly. Amaebe and Infusoria are beginning to make their appear-
ance in the aquaria. The mortality of the embryos is surprising, and
as yet I see no sure way which promises much to prevent it; the em-
bryonic shells have been forming, and there is every reason to believe
that, could we prevent the initial putrescence and mortality, we could
carry thom along much further than has yet been done. The tempera-
ture of the water has varied from 76° T. to 85° F. to-day.

July 20.—The embryos are hard to find this morning in the jars con-
taining the lots of July 17 and 18, although the men employed in filter-
ing off the water and renewing it have worked most conscientiously
both night and day. Amaba proteus I find to be abundant in the sedi-

S. Mis, 46——49
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ment, besides numerous hypotrichous infusorians. These are not charge-
able with killing the embryos, but probably appropriate their dead
bodies after they have fallen to the bottom and begun to disintegrate.
Temperature of water ranged from 84° ¥. to 86° to-day.

July 22.—The remarkable set of experiments in the incubation of the
ova of the oyster instituted to-day by Colonel McDonald led to a new ~
geries of experimental results as singular as they are contradictory.
The above-named gentleman with characteristic ingenuity arranged a
geries of his hatching-jars so as to form what he called a closed circuit.
The first element of the apparatus was a eylindrical glass aquarium,
about 14 inches in height, placed about 4 feet above the level of the floor
of the hatching-house. This was connected by means of a siphon tube
of rubber to one of his glass hatching-jars, such as are used in hatching
shad ova; a glass tube passing through the cork formed the inlet con-
nection, and a similar tube reaching nearly to the bottom of the jar was
joined to a rubber tube outside to form the outlet. Then followed a
second jar connected to the first, with similar pipe connections, cxcept
that it discharged into a glass aquarium set at a still lower level, the
bottom of which was covered with pebbles, to which some living sea-
weeds were attached and in growing condition. The water then passed
through a rubber siphon tube from this second aquarium to two more
closed hatching-jars placed at a lower level and arranged just as thefirst
pair; the discharge-pipe of the last jar then carried the water into an
aquarium, which rested on the floor. In order to maintain a circulation
in this apparatus it was necessary to keep dipping up the water very
carefully, 50 as not to injure the embryos, from the aquarium resting on
the floor into the one standing 4 feet above that level. In order to sup-
ply lime to the embryos the two pairs of closed hatching-jars had been
about one-third filled with clean sun-bleached oyster shells, and the pur-
pose to beserved by theliving Laminarie placed in the middle agnarium
was to supply oxygen to the embryos and absorb the carbonic diox-
ide thrown off by these and other organisms in the jars and aquaria.
The water with which the apparatus was charged was carefully filtered
through a cotton-wool filter so as to free it from sediment and objection-
able organic matter. After the apparatus was filled no attempt was
made to change the water, as it was soon discovered that the water
would remain perfectly sweet without renewal. Theoretically, this con-
trivance appeared to satisfy all the conditions of the problem which
had been placed before us for solution. ‘

A lot of eggs were placed in this contrivance at 11 a. m. 1 was par-
ticular to get as fine a lot of ova as possible, so as to test the matter
fairly. In order to do this the eggs were expressed from the adults by
the new method already alluded to, and fertilized so successfully that
I am convinced fully ninety per centum were developing normally when
put into the apparatus. My delight and astonishment the next morn-
ing at finding that many of the embryos had apparently attached them-






