XVIIL,—AN EXPOSITION OF TIHE PRINCIPLES OF A RATIONAL
SYSTEM OF OYSTER CULTURE, TOGETHER WITH AN ACCOUNT
OF A NEW AND PRACTICAL METHOD OF OBTAINING OYSTER
SPAT ON A SCALE OF COMMERCIAL IMPORTANCE.

By Joun A. RYDER.

* INTRODUCTORY.

i The developments made within the last six years show that the solu-
10n of the most important problems in oyster culture, by means of ar-
1figial methods, starting with the egg, is possible. The question of
Questions in oyster culture is, ¢ In what way is it possible to certainly
Secure an abundance of spat under conditions which can be controlled, and
Within such an area and at such a cost as will render it possible for persons
*p°88essing the proper knowledge to undertake spat culture or the actual
Propagation of the oyster as a business ?”
hig may seem an extravagantly sanguine view to take of the matter.
8vertheless it is true that it is actually possible to begin at once, with
® knowledge now in our possession, and not only be successful, but
213 be 50 to a degree which must completely revolutionize the business
Of the bed culture of this mollusk in open waters.

I.—HISTORICAL.

My own connection with the oyster question dates from 1880, and dur-
0g the years intervening between the latter and 1885 the writer has
fle"is‘id and had constructed no less than twenty forms of incubating
“Pparatus in which it was hoped to obtain spat from artificially fertilized
?ggs, such apparatus ranging in size from less than a cubic foot to large
_Dongs four feet deep and several hundred square yards in area. The
, tiasm idea in all of these except three was the use of filters with a con-
" DUous or an jnterrupted tidal flow of water through the apparatus;
98 funetion of the filters was to confine the fry in the inclosures.® In
vnone of this apparatus, except in one form of it, I am obliged to admit,
Va8 it found that results of startling economic importance were obtained,

* The trouble wi th filters, of any form whatsoever, is that they soon clog and become

Ueelegs, They can therefore never bo successfully ueed in any practical system of
Propagation,
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and while this is true, it is also a fact that observations and results
were obtained which indicate that there is a feasible method of almost
unlimited productiveness; all that is needed being the proper combiné’
tion of conditions which it is now proposed to describe on the Lasis ©
well-known facts which may be verified by any one who will take the
trouble to do so.

Besides devising the various forms of incubating apparatus, during
the interval of time mentioned, the writer, in conjunction with others
used in his experiments no less than eighteen forms of collectors OF
culteh in coves, ponds, and in the incubating apparatus, for the purposé
of affording the free-swimming fry surfaces to which itcould aftix jitself.
Some of these forms of collectors were previously used in France, H(.’l.'
land, England, Portugal, and Italy, to obtain the spat of Ostrea edult$
and long before any one had thought of introducing themn into our owi
country; indeed, the use of cultch or collectors of various kinds has
been in vogue for a long period, in fact, if historical records are to e
trusted, since the days of the Ceaesars. The practice of strewing oyster
shells upon the sea bottom as cultel, to which some of the many bill"
ions of fry diffused through the water could become affixed, scems t0
have becn inaugurated by the French Government about 1851, under
the direction of Professor Coste, the distinguished embryologist of the
Collége de France. This practice seems since then to have fallen int0
disrepute or partial neglect abroad, but has been practiced with sll(fh
magnificent results in this country that the method is now applied 12
Long Island Sound, in the deeper water, on a scale whicl is without fln
approach or parallel in any other part of the world. The principal 1
angurator of this system seemns to have been Mr. . C. Rowe, of Ne¥W
Haven, Conn., who,about twelve years ago, began sowing shellsin de(_EP
water. Ridiculed at first, Mr. Rowe has finally made such a splendld
success of his system.that he sows as many as 100,000 bushels of shcl'ls
annually upon what is now probably the most colossal oyster-farm 1
the world, embracing as it does about 15,000 acres of the bottom of the
sound, off the city and vicinity of New Haven.

While this system is eminently successtul, it is also attended wit“h
considerable risk, great quantities of shells being sometimes wasted 18
consequence of the fact that in some seasons no set of spat whatevel
becomes attached over large areas, owing to adverse conditions o
weather, carrents, or the inroads of sediment, which coats the surfac®
of the shells and asphyxiates the minute embryos which Lave recentl)
become adherent to this kind of cultch. The same objection holds in 16V
erence to all the other kinds of collectors hitherto used. Strewing shel!®
on the bottom renders only their upper surfaces available, so that t °
amount of spatting surface is meager to begin with., The under convex
surface of the shells is partly in contact with the bottom, and is 1arge’
useless, while the upper or smooth side soon becomes coated with 8¢ l:
ment, unless the currents are quite strong over the bottom. Other ¢©
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160t0rs, such as brush, tiles, slates, in their various modes of utilization,
are too expensive and give a too inconsiderable surface of attachment to
']l‘lsmb' the outlay incurred in their construction as practiced in Europe.

h? methods which make tiles available abroad are not the methods
Which will justify their use in America. In Europe labor is cheap, and
O¥sters are so valuable that they are a luxury to be enjoyed only by the
“"Calthier classes. Not soin the United States, where the middle classes
.110"{; our eastern seaboard can consume the luscious Ostrea virginica as
2;;? :)lf their every-day fare withount feeling that they are living extrav-

1 y.

Other investigators besides the writer have sought to develop some
Wethod of artificial culture for the American oyster. Forecmost amongst
v 959 must be mentioned Prof. W. K. Brooks, of Johns Hopkins Uni-
Crsity, who, in 1878 and 1879, for the first time investigated the devel-
pment of our American species, using-artificially fertilized eggs for the
i:,l.lrpos& Later, Lieut. Francis Winslow, U. S. N, associated himself
erizh Professor Brooks at Fort Wool, and actually operated two differ-
devices with that object in view. Another pupil of Brooks, the late
efn'b" J. Rice, also devised some apparatus for the purpose, and is, I
e leve, the investigator who has maintained artificially fertilized em-
Y08 of the oyster alive for a longer time than any one else. None of
reese efforts have, however, so far as I can learn at this writing, yielded
o Sults which were of direct practical application, or have becn pf suffi-
cent Promise, when applied on alarge scale, to justify their continuance

U their original forms.
an bout the same time, or during the period intervening between 1880

1884, investigators were busying themselves with a study of the

g diecious Portuguese oyster, Ostrea angulata of Xurope. The

T8t published account of the artificial fertilization of this species was
c;’ an American, Lieutenant Winslow, who in 1880, while with an Ameri-

U man.of.war lying off Cadiz, Spain, obtained successful results with

16 Methoq of artificial fertilization first used by Brooks. Subsequently

: BOllchon-Brandely, of the Collége de France, took up the subject
cal carried on further investigations, and in his efforts to attain practi-

Iesults reported very remarkable success in obtaining spat on a

)rod@‘ately large scale, He, howover,adopted a system which had been

we"lously used on a small scale by the writer. Subsequently, :.md un-
'us:re of what American investigators were doing, this expernpenter

e d the closed-circuit system devised by McDonald, but which the

®nch experimenter operated in a different manner.
of t“t of this grew the system of operating inclosed ponds with the help

a the tides during the years 1882 to 1885. But in consequence of a
o ical migapprehension of the essentials of a rational method, I am
reed to admit thag no results of great practical value were the imme-
-late outeome of any of these experiments. While the work has been
lnTDediately fruitless, mediately it has not been so, for the light gained
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as the result of all the work of others, as well as my 0wn, nOwW enables
me to state with certainty «why we have failed. .

Failure is a barsh word, and it is a humiliating one as well; buf it
will soon be seen that we have been cultivating a lot of fallacies 2D
exroneous conclusions which led toit. In a word, we have neglecte
to think about what we have observed, so as to elaborate a pract'ica
theory of spat culture.

II.-FALLACIES AND ELEMENTARY PRINCIPLES.

1. Where fixation occurs.—The fact that artificially fertilized oyste’
fry would rise at a certain stage of development to the top of a tumbler
or beaker filled with sea-water, when allowed to remain undisturbed for
a time, has been supposed to have some bearing upon the question 8°
to how collectors should be disposed in the water ; that js, whether 2
the surface or the bottom. If is now known that such a habit oF
the part of the young fry when in perfectly still water does not indicat®
that the collectors shounld be placed at the surface. On the contrary?
numerous facts can be cited to show that the fry will affix itself and be-
come spat at any level in the water. This was indicated by the results
of the closed circuit experiment conducted by Colonel McDonald 82
myself in 1882, when in a small apparatus, covering not over a 8qUar°
yvard, we succeeded in getting fry 24 hours old to affix itself to the sides
of the glass vessels and old oyster-shells contained therein. In the cours®
of this experiment not less than 100,000 young oysters were adhere?
at one time to the available sarfaces inside this apparatus. No gl’ea‘ter
success in obtaining adherent oyster fry from artificially fertilized egs®
has ever been recorded either in Euarope or America.

Another set of facts, observed in 1883 at Cohasset, Mass., indicates
that fry will adhere in the open water in the same way. Pole buoy®
were there found thickly covered with very young spat as far as they
were immersed. On some parts of these poles as many.as 100 youns
oysters might have been counted upon a single square inch of surface
At other places in the same vicinity oyster and clam shells lying on the
bottom were thickly covered with spat, so that as many as 150 wer?
actually counted on a single valve, , )

The conclusion, therefore, is that fixation occurs at all levels, apd
that culteh 1 foot below the surface stands as good a chance of havil
a set of spat adhere to it as others at a depth of 30 feet. In othe’
words, spat can be obtained in the whole range of all three of the aime’
stons of any given body of water. This is the first principle in a ration?
theory of oyster culture. "

2. Thesurfaces of collectors.-—Another fallacious belief is that thefry W' }
adhere most readily to a rough surface. This conclusion wasghownt0 b
erroneous in the experiments with the closed circuit apparatus at S8 g
Jerome’s Creek in 1882, as well as by all the facts observed at Coha8s®
and Stockton in 1883. Anything, no matter how smooth it is, will 86T



[5] A SYSTEM OF OYSTER CULTURE. 385

a8 q Spat-collector; in fact, the greatest number of spat ever observed
¥ the writer per square inch has beeu found on the smoothest possible
Surfaces, The fundamentally important prerequisite in oyster culture,
OWever, is that all spatting surfaces shall remain clean for a long enough
Yime to allow the spat to become well established This, I would say, is the
?econd groat and ituportant principle, which is never to be lost sight of
U Dractica) oyster culture.
.3- Artificial fertilization.—A third erroneous counclusion is,-that arti-
ficial fertilization is impracticable, and can yield no valuable results.
“Arge bodies of water may be artificially charged in all three dimen-
Song wigh embryos as effectually as a small body of water used in the
gf’st‘d-circuit experiments. It has also been found that pumping sea-
in‘_*ter Wwhich is charged with embryos through a steam-pump will not
Jure the oyster fry. Spat was obtained from water into which oysters
tad Spawned and which had passed through the steam-pump employed
0 £il] gl supply tanks with the sea-water used in ineubating fish ova at
, herl‘ystono in 1881. Several young oysters were found in tho tanks
the ond of our season’s operations, and doubtless many more weuld
w‘;‘l"ﬁ been found had a large supply of cultch been put iuto the tanks
el our work began.
ol tis, therefore, obvious that, no matter in what way the water is
‘arged with embryos or fry, provided plenty of eultch is used, spat
01: ! .be obtained. This has beeu illustrated Ly the abundant set of spat
Yaineqd from artificially fertilized eggs on the cultch used in the closed-
":P(_-‘uic experiments of 1882, and in the results of the pond system, in
bich filgors wero used, fromn 1882 to 1885 ; and by the spat obtained by
S from native embryos at Cherrystone in 1881, and by Mr. Mather in
9. Of the nature of the experiments of Brooks and Winslow in 1882
i Uucertain, but they also, I believe, obtained attached embryos on
) ells Lnid in troughs, through which water charged with embryos was
) O%wed to flow. The ewbryos cmployed by them were, I believe, ob-
““‘led by artificial fertilization. o
¢ remarkable set of spat observed at Cohasset, Mass., in 1883 may
® Contrasted with the number of artificially fertilized embr}os found
cixe(l.to the sides ol the jars and to the culteh contained in tho closed-
o:c‘llt apparatus used in 1882, for I believe it may be afiirmed without
Ctstating the case, that a greater proportion of artificially fertilized
o :t‘P:YOs wero found to be adherent in the last instance than naturally
lized ones in the first. The third principle determining success in
O¥ster culture will, therefore, consist in having the water used in spat-
Cting well charged either with native or with ariificially fertilized em-
Y08, or with both.
* Condition of collecting surfaces.—It is well known that the cultch, in
* o be available or to afford an eligible surfacc for the existence of the
N hering Jry, must be clean. 'Chis, I repeat, may bo considered to be
" Cardinal prineiple in practical oyster calture. If the cultch becomes
8. Mis, 70——23
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thickly coated with vegetable life, such as filamontous algee, or diatoms
or with incrusting animal life, such as bryozoa barnacles and ascidian®
ooze or sediment, the chances for the survival of the adherent fry
its capability of growing into spat is greatly diminished or render¢

quite impossible. Diatoms will 'Very often increasc¢ on such gurfifces
with prodigious rapidity, and form a thick coating which will grt"ﬂﬂy
interfere with the life of the very first adberent stages of the oyste™
In fact, the latter are asphyxiated in prodigious numbers from su¢

causes. :

5. Why oyster fry adheres to the lower side of collectors.— Another fal-
lacious belief which has gained some currency is that the fry will “f]'
here to the under surface of collectors or cultch more freely and M
greater numbers than to the upper surface. This is apparently but uot
actually true. The reason that more spat is found on the uunder side©
the collectors is simply because the sediment deposited on the enlteh
from the water by the action of gravity will fall only on the upper &M
not-on the under surface of the collectors. In this way it happens that
the fry which adheres to the upper surface of the culteh is soon smoth-
ered, while that on the lower survives. It will be readily understo?
that it is a very easy thing to smother an organism which is sedentary
like tho diminutive young oyster, since it at first measures only -5—%'0‘“
of an inch in diameter.

6. Light.—This brings us to the question of Jight and the part it plays
in the life of the infant oyster. Light scems to be of subordinate ™
portance, for it has been found that the fry which adheres to the under
and shaded side of the cultch, if.the conditions are otherwise favorables
will grow just as rapidly as that found on the upper side in the dirc®
light. Indirect light, therefore, seems suflicient for the purposes of t9°
health of the animal.

7. Density of water.—The density of the water is also to be considél'cd
in relation to the hygiene of the oyster. It has been found that it ¢2"
exist in water barely more than perceptibly saline, or in water having
a density nearly equal to that of the ocean. While it may be said t:h'éL
its favorite abode is in bays, inlets, and the mouths of rivers adjol™
ing the sea, and in which the density, as measured by the bydromet‘”"
would range from 1.003 up to 1.0235, the writer has himself found oys
ters living in this great range of densities, or in water little more that!
brackish on up'to that which is not far from as saline as that foud¢
in the open ocean. )

It appears also to be a fact, though I give it as such with some he_Sl'
tancy, that the greatest amount of spat falls in water having a densit
ranging from 1.014 to about 1.022, ;

8. Bathymetric distribution.—The bathymetric distribution of the 8%
mal ranges from the shore line to a depth of probably ten or tWel“'e
fathoms. Deep-water culture is now becoming a prominent and profi”
able feature of the oyster indlustry in Long Island Sound, since its feast”
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b.lmw has been so thoroughly tested by Mr. Rowe. Where the tide
MISes and recedes from natural banks, thonsands of the animals are
Otten exposed for several hours during low tide without apparent in-

‘!Hry, The animals, under such circumstances, when the tide recedes
dpPﬂPCntly retain sufficient sea-water between their valves to meet the
®Mands of respiration during the time they are uncovered.

8. Horizontal distribution.—Their range ot distribution along the cast-
¥ conyt of the United States is from Damariscotta Bay in Maine south
. "lorida and the Gulf of Mexico. The most important beds indus-
t“ally are those of Long 1sland Sound, Chincoteague, Delaware, and

1C8apeake Bays, and their tributaries. The States of Maryland and

Irginiy possess the greatest area of natural beds, though the impor-
e of the still more southern beds is probably not yet fully appre-
“lateq,

Lo, Influence of temperature.—The temperature of the water in which
the Oyster ordinarily exists throughout the year ranges from something
nder 390 to 90° Fahrenheit. On the exposed banks in shallow water
;n:ny are frozen during the winter, and it appears that if they thaw out

¥y, freezing does not usually injure them.

n Summer, or during the spawniug season, the temperature of the
Ater ranges from about 60° Fahrenheit to 90° Fahrenheit. The usual
elnperatufe, liowever, is from 60° to $1°© Fahreuheit. When the tem-
I:era‘t‘ll‘e falls below 65° Fahrenheit the development of the embryos'is
l’,re“t.ly impeded, in fact, it almost ceases; whereas, at a temperature
i; Eing from 74° FFahrenheit to 80° Fahrenheit it is very rapid, so that

*eo to ten hours from the time of the fertilization of the eggs they
a?'e Advanced as far as the swiraming or veliger stage, and have ac-
in :l‘ed a Jarval shell. Cold rains ﬁ'eqncntly }{ill a great deal of fr)" dur-

8 the summer. Other meteorological disturbances, such as violent,
Olff“d(‘r-storms, have also been found to be injurious or fa,1.;a-1 to young
0“;:;01‘ ¢mbryos. The tifth priucipl(:'m bo borne in mind in succesﬁul
of U(‘I‘ cultare is, therefore, the following: That the p'revavlcnt tcn_zperatz‘wv

n € water Juring the spawning season shall range from about 68° to S0°
a-hrc’l]wit, . )

L. Food of the fry and spat.—The food of the fry, spat, and adult
.28es of the oyster is also an important matter. That of the fry con-
St of the most minute organic life to be found in sca-water, such as
%teria and Monads.+ Many of the food balls found in the intestine of
.- Teeontly attached spat will measure under s3ysth of an inch in
lawetey, The cavity of the little creature’s stomach measures ouly

Tosth of g inch. Yet in this minunte digestive cavity the food is ac
“:lla.ny found rotating in the Yorm of minute 1‘011.1%ded fmd _oval bodies,
Uch arq kept in motion by the action of the cilia which lino the stom-
* That these bodies must have been of wbout the size noted whe_n
Y were originally swallowed aund as seen rotating in the stomach, is
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evident from the fact that the young oysters, like the adults, aro wholly
without teeth or triturating organs of any kind.

This minute kind of vegetable and animal food is found more or 1€
abundantly in all sca-water, and is especially abundant during t 6
spawning season, when the decomposition and disintegration ot all kinds
of minute organic @ébris floating about in the water is in rapid pro§’
ress, owing to the prevalent high temperature of the air and \Vﬂ't‘er'
It is therefore probable that very few otherwise suitable locations ex18
where it is not possible to find an abundance of the proper sort of 00
for the oyster during its very earliest stages of growth.

12. Food-of the aduits.—The food of the slightly more advanced spab
and the adults is found to counsist of diatoms, rhizopods, infusoria of #
kinds, monads, spores of alga, pollen grains blown from trees and plant$
on shore, their own larve or fry, as well as that of many other mollusk
of bryozoa and minute embryos of polyps and worms, together with
other fragments of animal or vegetable origin, and sometimes 0‘f°n
minute ¢rustaceans. In varicty of food, the oyster therefore has wid¢
range of choice. There are also fow locations otherwise well adul't’e,
which will not supply an abundance of food for the animal, which, it 18
to be remembered, captures and hoards millions of these minute plant
and creatures in its stomach, where they are digested aud incorporaté
into its own organization. It therefore follows that when we eat 87
oyster we are consuming what it required millions of the minutest orga%
isms in the world to nourish. The oyster is consequently a sort of livivg
storchouse for the incorporation and appropriation of the minute l1ife 0
the sea, which could never bo rendered tributary to the food-supply ©
mankind in any other Wway except through the action, growth, and or*

)( ganization of this mollusk.

13. The value of coves.—It is true that partially land-locked coves ©F
inlets with narrow mouths are favorable to the p;'oduction of the minut?
life upon which the oyster feeds, and it is in such locations that 028
of the finest oysters are grown. But oysters of cxcellent quality are
also grown in deep water, as the experience of Mr. Rowe has showD-

' 14. Greening.—I formerly supposed that green-fleshed oysters ng‘e
confined to beds which were located in narrow coves orinlets; in fa’c?’
there seems to be a predisposition to develép the green-fleshed cond!’
tion when oysters arc cultivated in ponds or claires. Recently I il
that my original conclusion must be modified, as I have found tha
sreen-fleshed oysters are found in open water and at a depth of 4o
5 fathoms. As already stated elsewhere, this condition is now “’e,l'
known to arise from the absorption of the coloring matters in certall!
kinds of food which is consumed by the alimal, and that the latter ’%
in no way impaired or rendered hurtful as food, (See note X, in
pendix.)

15. Effects of currents.—The effects of currents of water are algo t0 be
taken into account. When a current sweeps around a gravelly, sbe






