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EXPERIMENTS ON THE LARVAL CULTURE
OF THE NATIVE OYSTER, Ostrea lurida CARPENTER

IXTRODUCTION

The text of this thesis i3 an sccount of experi-
ments concerned with artificially rsaring the larvse

of the Native Oyster, Ostrea lurids Carpenter. The

work was carrled out during the sumuer months of 1947
et the Yaquina Bay Fisheries Laboratory. The experi-
ments herein described are only those concerned with
some of the physical and mechanical aspects of the
problem and were conducted for the purpose of laying
a groundsel of fessible methods of operation which
would prove expedient to future efforts in this field
of study. The work was conducted in the lsboratory
exercising control over some of the physicsl condl-
tions ecologically related to the specles under con-
siderstion,

Artificislly propagaeting the larvae of the Native
Oyster will undoubtedly prove to be sn indispensable
factor in the permanent restoration of the beds of
this species in Yagquins Bay, Oregon, Dimick (1946).
This attitude has arisen by reasson of the fact that
feilures in the successful natural spatfalls of the

Rative Oyster in recent years far outnumber successes



in practically every oyster producing ares of the
Pacific Coast, It does not seem unreasonsable to as~
sume that thils condition may heve always existed eand
1s not difficult to surmise if one recslls the classic
principle of Darwin, i. e,, blotic forms, with even
the lowest breeding potential, produce more offspring
than ocan survive, if the population 1s to remain
numeriocally stationary, Dobzhansky (1941l). In the
Native Oyster there sre sbout 280,000 to 300,000
lervae produced per spawning by the average adult in
female stage, Hopkins (1937), and since this species
continues to bear young for several years, it is dif-
ficult to eschew the speculation thet the naturel
1limit to their populations may well be exercised in
specifioc years in the form of complete loss of the

young of that season,
HISTORICAL

The reader will not be burdened with a prolixity
of historiocal material concerned with propsgation and
conservation of oysters, however, it 1s Dbelieved that
pertinent citations should be given in order that the
reader may be cognizant of the present stage of

development of this phase of the oyster industry.
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In the United States, the first attempts at
artificial oyster propagstion came in 1878 by Brooks
who was able to artificially fertilize &nd develop
the eggs of the Eastern Oyster, 0. virginica Gmelin,
but the many efforts to rear the larvae, by this and
subsequent investigators, haie resulted in faillure,
Galtsoff et al (1930),

The larvae of Q. edulls Linnasus, were success-
fully reared in large, ocutdoor, concrete tanks having
a capascity of 20,000 gsllons. 1In hls attempt to
determine reasons for success or fallure, the inves-
tigator gave primary attention to the food orgasnisms
present and could not draw a definite conclusion due
to the lack of control in such voluminous contailners,
Cole (19386).

From & survey of the literature, it would appear
that the greatest success enjoyed by investigators was
that of English sclentists working with the larvae of
the European Oyster, 0. edulis Linnaeus, Here agsin,
we find the focus of attention upon the food organisms
and in this work, pure cultures of unicellulsr algsl
forms were fed to the larvee, That organism which was
administered with greatest success was a naked flagel=-
late from the Class Chrysophyceae, measuring about 3

to 5 microns in dismeter, It appeared that mixtures
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of more than one species had the highest nutritional

value, Bruce et al (1940). This work was cerried

out in the laboratéry and was based on the very prev-
glent hypothesls that the limiting factor in artifi-

ciasl propagation is one of nutrition. These workers

were unable to duplicate thelr success in more recent
attempts,

It 1s understood that investigators in Japan have
recently perfected methods of rearing the larvse of the
Japenese Oyster, 0. glgss Thunberg, and have enjJoyed
hearty success, Wood ()948). This publication has
besn issued only recently however, and the explenation
of methods used have not yet become avallable to local
personnel,

Other measures of conserving and restoring the
resources of oyster beds have been resorted to but with
limited or no success, As early as October, 1766, The
Assembly of East Greenwich, Rhode Islsnd, passed en
"Act for the Preservation of Oysters," Galtsoff et al
(1930), and since that time many other legislative
measures have been taken in an effort to effect thelr
conservation. In recognition of the fact thet legis-
lation slone was not & sufllclent supplement to nature
in perpetuating oyster beds, attempts were made to

transplant adult oysters as esrly as 1810 in the State
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of New Jersey, and in 1855, shells for ceteching oyster
spat were planted in Long Island Sound, Galtsoff et al
(1930)., Since thet time, many end varled are the
methods initisted for collection of the netural spat-
fell. Only two of the multitude of references to
verify the last statement ere: Bonnot (1937); Elsey
(1933). Methods of adequately antioipating the time
and intensity of the spatfalls have s&lso been glven
dlligent attention. It must here be realized, however,
that these methods satlefy the demand for oyster seed
only when the esological conditione of the water are
such that the larvae csn suscessfully complete their
development and that if the natural conditions are

unfavorable, these measures are valueless.
IMPORTANCE

That the project of produsing oyster seed 1s one
of merit and warrants considersble attention, can best
be demonstrated by the fact thaet even with sustained
markets, the oyster industry, in most parts of the
world, has steadily declined. Typlcal of this decline
of Eastern and Native Oysters is thet shown from 1937
to 1940 when production fell from 95,600,000 pounds to
89,400,000 pounds, the decline being attributed to the
lack of sufficient seed stock, Galtsoff (1943). Other



literature indicates that no remedles have been insti-
tuted whlch can cause a ceasation of this production
fallure, All three of the states of the Pacific Coast
of the United States have potential waters for the
production of the Native Oyster if seed stock were
available, Galtsoff (1929), 1In all three of these
states, the production of the Native Oyater has de~
clined steadlly since the turn of the century, Galtsoff
(1943)., In the territorlial waters of the entire United
States, there are 1,428,500 secres of potential oyster
producing area, and productlion can be greatly increased
over mich of this areas if and when adequste stocks of

seed become avallable,
OBJECTIVE

It is hoped that the progress of the investiga-
tions at the Yaquine Bay Fisheries Laboratory will
ultimately result in the accumulation of facts end
techniques which will enable those interested to pro-
duce in quantity seed stock of the Native Oyster.

PROCEFDURF. AND METHODS

Identification

Experiments concerned with the rearing of the

Native Oyster larvse during the course of thils work



were given separate identitles by affixing Romen
numerical designations and the various mechanlcal
apparatus for their conduct were ldentified by

designations of Arabic numerals.

Rearing Contalners

Initlelly, 1t 13 deemed advisable to render a
discussion of the mechenlcsl arrangements which were
employed in the culture experiments and to identify
each with 1ts numerical designetion in order that the
resder mey properly orlent himself as to the methods
used in each sexperiment.

In &ll of the efforts at rearing the larvee, the
contalners used were rectangulsr aquaris construected
of plate glass and having & frame of one-~half inch
angle iron which was welded at the corners, They were
of six gallon ocapacity and the dimensions of each were
18 inches long by 10 inches wide by & 3/4 inches high
end the top was partly covered with a pane of gless,
The glass of the sides and bottom was sealed to the
frame with non-hardening squarium cement which was
recommended by the manufacturer as being sultable for
marine use, In sll experiments, the aqueris were
placed on 2 laboratory bench three feet high which

was lighted by north windows end which received some



direct sunlight from west windows in the late after-
noon. The tanks were screened from direct sunlight
during later experiments ass described in that portion
of the text devoted to their conduct., The water in
the aquaris was kept in circulation and was aerated
by Thiberg serators with stone air breskers at the
terminl of the air tubes, The pane of glass in one
end of each aquarium was merked with wax pencil in
such & msnner that gradustions of two liters were

gshown,

Effecting Water Change

Bruce et al (1940) working with 0. edulis
Linnaeus in England deseribed the use of bolting
cloth screens on outlets for negotiating e change of
water in the culture tanks, and comment was mede con=-
cerning the frequent cleaning and maintenance that
wasgs required in order to maintain funetional condi-
tions, Prytherch, working with 0. virginice Gmelin,
used sand for the retentlon of oyster larvae in chang-
ing water in rearing vessels, He uszed wooden contain-
ers, the floor of whlch wes cut to form an opening,
and over this aperture was placed ashestos for holding
the sand in place. Galtsoff ot al (1937) describe a

gand and charcoal filter for cleansing seawater and



removing undesirable orgsniec matter therefrom, This
filter involves the use of siphons, the intakes of
which are constructed on the principle of a funnel

and are placed below the surface of the filtering
agent. The use of the siphon eliminates the necessity
of using culture vessels which have a bottom through
which an orifice could bs cut to permit the removal

of the water in such 2 fashlon that it could pass
through the sand as 1t leaves the container., The
cltations given above imparted a thought, which, with
some modificatlions, evolved into what 1s belleved to
be 8 very satisfectory method for retaining the oyster
larvee in culture vessels while chenging the water in
the conteiners,

The sand used in the bottom of the culture
aqueria was teken from the beach at Fogarty, Oregon,
during June of 1947. It was of 8 type used locslly
in concrete construction end was collected sabove mean
high tide where 1t had been deposited by extreme
winter tides. This sand was dried and the larger
pebbles and debrils were removed by sifting through
2 wire screen of 17 meshes per inch. The sand wsas
then washed thoroughly with fresh water snd fine
particles of floding orgenic mstter were skimmed off

with cheesecloth, The send was then placed in each
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aquarium to a depth of sbout 1% to 2 inches, Funnels
for the intaske of the siphons were mede from bottles,
having & dismeter of three or five inches, Removal
of the bottom portion of the bottle was sccomplished
by the following process: A plece of crdinery cotton
string wss soasked In slcohol =nd wrapped eround the
bottle three or four tlmes at the level et which the
divislon was desired; the string was then ignited and
asllowed to burn for several seconds; while still burn-
ing briskly, it was thrust into a jet of cold weter.
A clean break wlll usuaslly occur just above the lavel
around which the string 1s plesced. By this methed,
funnels of the desired type gnd length may be hed at
;4min1mum of cost and effort.

Placing the open end of the funneled siphon
Intake on the bottom of the agquarium end filllng arocund
1t with the sand ss described In the preceding psara-
graph, gives approximately 170 square inches of sand
surface through which the water may pass to be drswn
off by the siphon., This allows for rapid rate of
removal of the water without creatlng unduve pressure
on a localized drain site whlap would be the result
1f one were to use merely a scresned outlet or a

gimilar device.
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Appasrstus Arrangements

Appsratus No, 1, Figure 1, was set up using
aquarium, and sand as previously deseribed. The
siphon funnel was made from & bottle having a diameter
of five inches., Inecluding the neck of the bottle, =
section five inches in length was used. The siphon
funnel was pleced near the end of the aquarium and
the neck was stoppered with a cork which was bored to
accommodate & glass tube having an inslide diameter of
one-quarter of sn inch., This section of glass tubing
extended upward sbout six inches and then was bent in
such a fashion that it would extend downward outside
the aquarium (1. e., two angles of 90 degrees, both
in the same plane). To the end of this glass tube was
attached & rubber tube which extended dowmnwaerd about
two feet. The siphon was started by orally diminish-
ing the pressure at the end of the tube and then a
small siphon clamp was fixed to the rubber portion of
the line. This apparatus did not prove satisfactory
for removing the water from the tank since activity
of the water rushing up into the funnel was such that
the sand was carried upward with the water, the sand
being of such light weight thet it could not maintain
its position against such a rapid draught of water.
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By closing the clamp on the rubber portion of the
siphon tube, the flow was diminished to a point where
the sand suffered no such disturbance. Thls was not
satisfasctory, however, since the water could not be
removed with sufficlent rapidity to effect & water
change without considerable expenditure of time.

For replacing the water, a besker of 1000 ml. capacity
was placed in the end of the aquarium opposite the
siphon and the water was poured into this., Use of
the beeker prevented disturbing the sand whieh would
result if the water were poured directly into the
tank,

Apparetus No., 2 was essentially the same as
No. 1 except that the neck of the funnel just below
the stopper was filled with cotton. The cotton served
to hold the sand in place, but reduced the flow of
water to such an extent that this method wss consider-
ed & fallure.

Apparstus No., 3, Figure 2, followed the same
principle as that of No. 1, except that a bottle
having a three inch diemeter was used for the funnel,
From this bottle, only the bottom was removed and
this resulted in & funnel sbout 10 inches in height.
By leaving the entire walls of the bottle intact,
it was possible to have the stopper and glass tube
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connection above the surface of the wster end any
leakage eround the cork would not result in s loss

of larvee, Prior to placing the funnel in the tank,
2 layer of poplin cloth was placed over the mouth snd
was bound in place with cotton string, The funnel
with 1ts cloth cover was then seasoned in sea water
for about 48 hours prlor to use in s larvee tank.

By placing this cloth over the mouth of the funnel,
the sand wsas not allowed to enter the funnel and was
held in place quite asdventageously.

Subsequent arrangements of equipment injected
various features into the work and that apparatus
which appeared the most satisfactory as fer as con-
venience and ease of mesintenance, with a lsrge number
of aquaria running concurrently, was modified as
follows: Uge of funnels as described for spparstus
Ko, 3 was eontinued; however, instead of the rubber
tube with affixed screw clamp for eontrolling the
siphon, only about one foot of rubber tubing was used
and to this was sttached a straight gless tube about
two feet in length, To the edge of the aquarium was
fixed & small nickle-plated hook upon which the two
foot section of glass tubing wes depended with its
terminus above the water level of the squerium,

When it was desired to draln the aquerium, the glass
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tube was removed from the hook and lowered to the
laboratory drain, thus the flow of the siphon (which
was initlelly oreated in the menner earlier described)
started., After the desired guantity of water had been
removed, the glass tube was replaced on the hook,

This eliminated the use of the stop clamps which with
frequent contacts with éaa water became corroded and
difficult to manipulate, Instead of 1000 ml, beakers
for recelving water poured into the aquarium, a beaker
of 250 ml. capacity was substituted., This was inno=-
vated besause & smaller quantity of water was isolated
from the rest of the tank when the water level was
down during the process of water change, thus reduc-
ing the number of larvae thet were temporarily strsnded
in water without circulastory movement, Figure 3.

In the material concerning the experiments, the
arrangement referred to as apparetus No. 4 was 8 set-
up devised to give a more or less continuous water
change, In this spparatus, each aquerium had two
siphons and these terminated in Jars which weres full
of water. The tops of the jars were at the level of
the water of the tenk and provided s means whereby
the water level in the aquarium could be maintained
constant even with water running into the aquarium

in a2 steady flow. The jars were pleced so that their
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overflow would be casught end conducted to the drsain
from the lashoratory., Water was fed into the aquarium
from two, filve-gallon carboys which were placed about
two feet above the saquarium., Slphons condueted the
water into the aguarium, snd these were adjusted by
screw c¢lamps until the water going into the tank was
in equilibrium with that leaving the tank,

Water Supply

Water used in the experiments was collected and
treated in essentially the same manner on all occasions,
It will be noted that & brief mention 1s mede as to
the physical conditions of the water &t the time of
collectlon and any remarks considered pertinent are
ineluded in the dlscussion of the sxperiments. Water
was collected from the bey near the site of the
leboratory in five gallon glass contaliners. In the
collection of the weter, care was exercised to prevent
the entrence of surfece material into the collecting
‘Jars since the presence of oll or other such contam-
fnation would have & detrimental effect on the reli-
ability of the results of the experiments, After col-
lestion, temperature snd salinlty readings were taken
by means of a centigrade thermometer and a hydrometer

respectively. If the temperature of the water
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¢ollected was radically different than that contained
in the exparimental tank under consideration, the
water collected wag allowed to atand in the laboratory
for a perlod of time untll the temperature approxl-
mated that of the water containing the larvae, after
ahich time the water change was effected, The water
wag then strailned through No. 20 bolting silk to re~
move debris and larger plent and animel forms, It is
understood that this last mentioned procedure probably
deprived the water of many organisms which were poten-
tial food for the larvae but election to follow the
method was made on the basls of the multitude of
competitive forms whilch were removed by so dolng.

In all of the experiments, the weter was maine
tained at s lovel of 20 liters. In some experiments
2 change of 10 liters was made each day and in others
a change of 12 liters, Notatlon as to the amount
replaced is made in the dlscussion of each experiment.

In replacing the water in the aquaria, undue
splagshing of the water was mvolded and those larvae
caught on the sides of the tank, by the receding
film of the water removed, were washed back into the

water by means of a plpette.
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Expasrimental Larvse

Hopkins (1937) gives the following biological
data eoncerning reproduction and early development
of the Native Oyster. This is & larviparous
specles, i. 6., the eggs are not shed into the water
as in the case of the Japanese or Eastern oysters,
but rather are held in the mantle cavity of the parent
untll fertilization has been achlieved end a certain
portion of the larval period passed. Fertilizetion
of the eggs of the Natlve Oyster 1s achleved by the
female pumping water over the ripened eggs, the water
bearing spermatozoa previously relessed by the males.
The gametes are thus brought together and fertilizs-
tion results., The eggs of this specles are aspproxi-
mately 105 microns in dlameter at the time of their
release from the gonads to the mantle cavity, and after
fertilization they are retained for s period of sbout
10 days. During this period, embryonic development
has proceeded to the stage termed "straight-hinge
veliger" larvae. At the end of this period, the
larvae are about 180 microns in length. Since the
adult femsale will bear upwards of about 250,000
young, one 1s readily able to determine whether or
not a particular individusl is besaring lsrvae by

merely opening the valves and examining with the
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naked eye. "White-sick™ and "grey-sick™ are terus
applied to oysters that are bearing young, the dif-
ference in ths two terms lmplylng the relative stage
of Jevelopment of the larvae, Since the larvae ars
white in color in early stages and grow progressively
darker as development progresses, one can, by mic-
roscopic examinstion of e few repreczentatives, soon
learn the spproximate age of the larvae by the depth
of their coloration., It must be understood, of course,
that the larvae be observed as groups of many indl-
viduale in order to nekse such differentistion. This
specles iz hermaphroditic snd protandrie but in the
above discussion of its reproeduction, for the sske

of brevity, references to sexusl stages are glven sas
merely male or female.

Further dlscussion of the bilology of the sdult
of this specles will not be presented since 1t is not
the purpoge of this work %o review that sublect, The
above data wes presented in order that the reader
might gain e knowledge of the early phases of develop=-
ment in this spsclies and thus understand the manner
of collection of larvel subjeets for the nonduct of
the resring experiments,

The oysters from which the larvae were obtained

were removed from oyster veds in the vicinity of
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Winant, Oregon, on Yaquina Bay., They were collected
whenever ithe nead for expsrimental larvae arose and
were transported to the lsboratory in a burlasp bag.
Afber their arrival at the laboratory, they were
thoroughly serubbed with a coarse fiber bristled
brush and washed off in ses water. The serubblng
renoved most of the large anlwsl and plant forms and
any silt that had accwmlated on the surface of the
valves, After the oysters werse thus washed, the
larger speocimens were selectad and opaned. In the
axperiments, young were romoved from adults which
rangad from three to five yesrs of age. Only the
larvae of Qdeepest tone of coloration wers selected
for exparimental purposss, and of these 8 representa-
tive sample was 1§olated and the mean size of its
uenbers was determlined by microscopical messurement.
From the results of sampling, 1t was verifled
that oysters of the slze used could reasonably be
expected to contaln aspproximately 250,000 larvae,
and 1t ls belleved that thils is sufflclently accurate
for ocur purposes. The number of larvae used in each
experiment was arrlved at by thls means, and therefore
in all oases 1t can be consldered only as an approxi-
mation, When an oyster was opened and found %o con-~

tain larvae of deep coloratlon, the larvae were
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washed into a finger bowl containing about 250 ml, of
streined see water. By using e medicine dropper, with
water from the finger bowl, the larvae could be flushed
from sround the mantle and gills of the oyster and al-
lowed to drain into the bowl. Experiments which were
sterted on the ssme date were conducted with larvae
from one or more oysters, the larvae being mixed
thoroughly prior to their introduction to the experi-~
menta)l tanks., By teking the larvae from two or more
parent oysters and mixing them, it 1s ressonsble to
agsume that the potentiamlities of the larvae in the
various tanks to which they are subsequently introduced
sre approximately the same, It is recognized that
heredity may have & profound effect on the viasbllity
of the larvae, and this is suggested by Bruce et al
(1940). Although controlling the male parentage under
the methods used in thls research is out of the reslm
of possibility, the matroclinous cherscters of larvae
used in different concurrent experimenta can reason-
ably be expected to approximate each other, Larvae
thus highly concentrated in numbers in the finger
bowls were messured into each experimental esquarium
by means of a pipette, thereby getting approximately

the same number of specimens into each tank.
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Considerstion of Varisbles

The following esccounts the variables which were
given attention during the summer's work. For pur-
poses of clarity, the discussion of each experiment
is given indlvidual attention. To facilitate the
work, however, the actual collectlion of date was done
in the manner of a diurnal log. By this method, =
ohronologicel sequence could be maintained and record-
ing of some of the dste could be made without duplicae-
tion for esch of the experiments ocurrently under con=
slderation, 1. e., conditions of water collected at
one time and used in more than one experiment.

In recording the progress of easch experiment,
the following conditions were given attention:

Weather (such as clear, cloudy, or partly cloudy);

wind direction snd velocity (such as calm, mild, or
strong) et the time the water was collectedj general
turbidity of water collected; smount of bottom detritus
in the weter collected; temperature; salinity; stage

of tide st the time of water collection; sasbundsnce of
lervee in the aquaria; meen temperatures of the water
in the asqueris; end remerks as to condition of larvse
and eny other informstion which, at the time, eppeared
significent, By 8 color comparator method the pH of

the water in the water was taken on oeccesions,
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In the collection of the original data the vari-
ebles mentlioned in the preceding paragreph were made
of record. However, after careful consideration of
the results, it was found that not even a tentative
conclusion could be arrived at in the case of some
of these factors. 1In light of these findings, it is
desmed unnecessary to burden the reader with excess
verbiage concernsd with materisl which 1s apparently
of little consequence, In the category of factors
affeoting the results of the experiments to no deter-
nminable degree were: Weeather and wind at the time of
water collections; general turbldity of waster collect-
ed and amount of detritus coming from the substrate
in the water collected. The last mentioned condition
correlated with the astage of tide to such a degree
that it can be stated that the water collected at
the low stages of water haed a correspondingly higher
quantity of bottom detritus snd that collectsed at the
high stages of tide contalned relatively very little
detritus. This was caused by the type of substreate
found on ths shoreline adjacent to the laboratory.
The pH of the water in the squaria remained very
constant and was therefore not considered to be a

vital fsotor,
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Temperstures in the aquaria during the course
of the experiments ranged from a low of 16 degrees C
to 21 degrees C, the weter having reached 22 degrees
C in @ very few extreme occasions, It was found that
minimm temperatures could be taken hetween the hours
of 6:00 A.,M, and 9:00 A,M., and the meximum tempera-
tures could be expected between the hours of 5:00
P.M., and 8:00 P.M. During the investigation, the
mean temperature of the tanks could be ressonably
stated to be sbout 19 degrees C., It is belleved that
the temperature of the verious expserimentzl tanks was
sufficlently consistent to eliminste this fector from

entering into the coneclusions drawn,
EXPERIMENTS CONDUCTED

Experiment I, Trisl of Apparatus

This experiment was started June 17, 1947,
Approximately 250,000 larvae were introduced to this
tank. It was concluded at the end of 20 days, the
last living larvae having been observed July 7, 1947,
Apparatus No, 1 wes used for the first two days of
the operstion, dut due to the loss of larvae through
the siphon, No, 2 waa devised and used for the balance

of the experiment. In thls experiment, the aguarium
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was placed on the lsboratory work bench before north
1llumination but during the sfternoon. Direct sun-
light fell on the side of the tank for a perlod of
about two hours, Twelve liters of weter were drawn
from thls tank and repleced with bay water esch day.
The water introduced to the tank wss taken from the
bay at low tide on ll collections, wid-rising tide
on four occsasions, mid-ebbing tide on one occasion,
and et high tide on four occasions. The tempersture
of the water collections ranged from l4 degrees C

to 18 degrees C, and had a mean temperature of 17.2
degrees C, The salinity was not taken during the
first seven days of this experiment but during the
lsst 13 days the salinity renged from 24.2 p. p.
mille., to 31l.2 p. p. mille, and the mean salinity of
these water collections was 27.5 p. p., mille, On
the 1l4th day of the experiment, it was noted that
the larvae were considerably diminigshed in numbers,
end from thils date to the coneclusion, the remeinder
of the larvee died out stesdily. By the 15th day of
the investigstion, growth of filamentous algae on
the surface of the sand and on the walls of the
aquarium had become quite heavy. During the remsinder
of the operation of this experimental tank, the growth

of filamentous algese became progressively heavier.
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Samples of this algse were removed and it was found
that large numbers of larvae had apparently become
entangled in the filaments, Larvas were measured

from time to time during this experiment but no growth
was ever noted., At the conelusion of this experiment
it was decided that a reduction of the smount of

light on the tank would be necessary to suppress the

rank growth of filamentous algsl forms,

Txperiment 1I, Trial of Apparatus

This experiment was sterted June 21, 1947. Ap~
proximately 250,000 larvae were introduced to this
tenk, This experiment was concluded at the end of 16
days, the last living larvae having been observed on
July 7, 1947. Apparatus No, 3 was used during the
entire experiment. The aquarium for this experiment
was placed in circumstences similar to that in Experi-
ment I except that greater care was tsken to exclude
the direct rays of the afternoon sun by means of a
cloth shade over the west side of the tank. Twelve
liters of water were changed in this tank each dey
during the perlod thls experiment wes in operation.
The water placed into this teank wes collected at low
tide on eight occesions, mid-rising tide on four oc-

casions, mid-ebbing tide on one occesion, and at high
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tide on four ocessions, The temperature of the water
collections renged from 13 degrees C to 19 degrees C
and the mean was 17,2 degrees C, The sslinity of

the water was not determined during the first three
days of the experiment, In the remaining 14 dsys of
the experiment the salinity ranged from 24.2 p. p.
mille, to 31.9 p. p. mille., and the mean gsalinity
was 27,3 p. pe mille. In this experiment, as in
Experiment I, on the 14th day s very noticeable
diminution in numbers of larvae wss recorded. There
was 8 luxuriant growth of fllamentous algae on the
surfece of the sand and the walls of the tanlt in the
later days of thils experlment. Itz effscts were con-
sidered to he the same as those recorded 1n Experiment
I. No growth of the larvae could be esteblished dur-
ing the course of this experiment., From thls work,
no sadditional concluslons were drawn except that the
modifications of the mechenlcal apparatus were con-
sidered to be an improvement, Data from only two
experiments could not be considered comprehensive

enough to be conclusive.

Experiment III, Conslderation of Tlde

This experiment was started June 30, 1947, Ap-
proximstely 125,000 larvee were introduced to this
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tank, Thils experiment was concluded at the end of 11
days, thé last larvee having been observed July 11,
1047, Apperstus No. 3 was used durlng the entire
experiment. The locstion of this aquarium in the
lsboratory wes simllar to those of previous experi-
ments., Thls tank was screened with muslin cloth to
exclude the direct sunlight of the late afternoons,
Twelve liters of water were changed in this tank

each day during the period covered by the experiment,
The water placed into this tank each deay was collected
et low tide on all occesions, The temperature of the
water collections ranged from 17 degreea C to 19
degrees C, and had a mean of 18 degrees C., The
sellnity of the water collected and introduced to the
tank ranged from 23.4 p. p. mille., to 27.8 p. pe.
mille, and had a mesn of 26.2 p. p. mille. The larvae
decrensed steadlly in numbers in this tank and there
was no certain time when a sudden change in the pop-
ulation level was noted. Fllamentous algae were
sbundsnt and heavy by the time the experiment was
terminated. This experiment and Experiment IV were
run concurrently and under the same conditions as

far as could be determined, excepting for tidal stage

of water collected, The reasder will pleasse refer to
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the conclusions of IV concerning both of these

experiments.

Experiment IV, Consideration of Tide

This experiment was started June 30, 1947. Ap~-
proximately 125,000 larvee were introduced to this
tank, This experiment wes run concurrently with
Experiment III, the larvae being of the same parentage
in each of the two., Laboratory clrcumstances of the
experimentas were made to approximste each other as
nearly as possible, Wester introduced to this tank was
collected at high tide on all ococasions, whereas that
of II1I was collected at low tide. This experiment wes
concluded at the end of 19 days, the last larvee hav-
ing been observed on July 19, 1947. At the time of
ocollection, the water introduced to the tanks ranged
in temperature from 12 degrees C to 19 degrees C, and
had 8 mean of 15.9 degrees C. The salinity of the
water collections ranged from 27.7 p. p. mille, to
33.7 pe pP. mille., and had & mean of 31.8 p. p. mille.
The firast spparent reduction in the numbers of larvae
in the tank was noted July 13, 1947, From this date
to the conclusion of the experiment there was a steady
depletion in the population of larvae, As in the case

of the other experiments undertsken in the course of
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this study, larvse were removed from time to time and
examined with an ocular micrometer to determine whether
or not shell growth had taken place. There was en sde-
mittedly small semple teken on all ocoasions (only 10
to 20 lervae), therefore one cannot definitely con-
clude that growth did or did not tske plasce, In this
experiment, examinations were mede to determine shell
size on July 11, 1947 and on July 17, 1949, and con-
siderable growth was demonstrated by most of the
larvae in the samples, Fllamentous slgae grew heavily
in this tank as in previous experiments and was in
noticeably greater abundance than in Experiment III
when examined at the oconcluaion of the latter. Al-
though the evidence presented by Experiments III and
IV 18 edmittedly mesgre, due to the short period of
time that was to be svallable for the atudy, it wes
elected to collect water for most of the future ex-
periments at the higher stages of tide. It is mssumed
that the high tide water contsined less toxie sub-
stances or was richer in food materials than that
collected et low tide. The salinity of the water used
in both of these experiments is conaidered to be with-
in the reange tolerated by the larvee and therefore it

1s not considered to be the determining factor
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concerned with the different degrees of success of the

two experiments,

Experiment V, Conslderation of Light and Water Quantity

This experiment was stasrted July 3, 1947. Ap-
proximately 170,000 larvae were introduced to this
tenk, Apperatus No., 4 was devised for the conduct
of this experiment. The tank for this work wes plseced
near a shaded east window of the lsboratory and re-
celved light of much lower intensity than did the
tanks in former experiments. This was srranged in
order to minimize the growth of fllamentous algae that
was previously found undesirable., Efforts concerned
with this experiment were discontinued on July 14,
1947, the last living larvse having been observed on
thet dete. Forty liters of water were collected each
day and placed into the carboys from which the flow
was directed into the squaerium., Water used in thls
experiment was collected at low tide on two occasions,
mid-rising tide on three occssions, and at high tide
on five occaslions. The temperature of the water cole
lected ranged from 13.0 degrees C to 19.5 degrees C
end had a mean of 17,0 degrees C, The sslinity of
this weter ranged from 25,2 p. p. mille. to 33.6
Pe Ds mille. end had 2 mesn of 28,6 p. p, mille. This
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experiment was a declded fallure from the aspect of
positive results, the larvae having expired entirely
8t the end of 10 days. Fewer larvee were introduced
at the outset of this experiment, therefore there
should heve been s greater amount of food per individ-
ual. There was also & greater quantity of water
changed than in previous experiments which should
heve increesed the amount of food in the tenk. There
was practically no growth of filamentous algae in
this tank, due, it 1is presumed, to the reduction in
the asmount of light striking the water. No growth
was observed among the larvee examined from this
tank, The fallure of thls effort contributed to

the decislon to conduct future experiments with water
collected at high tide. Thils tank waa given the
greatest proteoction from light of any of the experi-
ments thus far conducted and though the undesirsble
slges wasz held to a minimum growth, the larvse also

failed sarlier than in other efforts.

Experiments VI, VII, and VIII, Light Considerations

These experiments were started on July 16, 19047,
They were run concurrently throughout and their pur-
pose was to establish, if possible, the intensity of
light that would be the most sonducive to the success
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of the larval development. Approximetely 80,000 larvae
wore used in sach of these three tanks and these were
taken from the seame adult oyster, Apparatus No, 3 was
used for the econduct of theae experiments.

In VI the tank was completely dsrkened by means
of black bullding paper which wes cut to fit the psnes
of the aquarium snd was held in place by means of
straight brass pins. Thils tank was opened only dur-
ing the time that water change wes made and at certain
times in the evening when an examination was made to
determine the level of the larvsl populestion,

In VII the tank was darkened in the manner
described for VI except that one end of the squerium
was left without a covering of the black paper.

Tank VIII was darkened in a llke manner except
that one end and one side were left free of the paper,

Ten liters of water were withdrswn from each
tank each day and replaced with freshly collected bay
water. 'The water used in these thres tanks was col-
lected at the same time and in the same contalnera
each day. Collections of weter were made at high tide
on all occaslonas. ‘The temperature of the water when
collected ranged from 13 degrees C to 20 degrees C,
and the mean of the temperatures was 16.3 degrees C,

The salinity of the weter collections ranged from
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295 pe pe mille, t0o 33.7 pe pPe mille, 8nd hed e mean
salinity of 3l.4 p. p. milles At the end of seven
days, there was considerable difference in the number
of larvae in the three tanks. By this time the larvee
were practlcally gone from the water in tank VI and
were definitely reduced in numbers in tenk VII, Tenk
VIII contalned a substsntlal number of larvae at the
end of the first week that the experiment wass under
conslderation. During the second week the larvae in
tank VI disappeared entlirely and those in VII beceme
groatly reduced in numbers. The experiment waes cone
cluded at the end of 14 days and at this time a few
larvae remained in VIII but all had dled in tank VII.
There was no growth of filamentous algae in any of
these tanks, and only in VIII 41d s very thin layer
of small algal forms sppear on the surface of the
gand, It was concluded from thls experiment that
proper light conditions were definite factors in con-
tributing to the success or fallure of larval develop-
ment, It was decided that further attempts at reduc-
ing the light to control algal forms would need be
carried out in such 2 msnner that the reduction in
intensity would not be so redical as In these

oxperiments.
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From the explanation of the preceding experi-
ments, it can be scen that efforts at maintaining the
proper intensity of light on the experimental tanks
were unsuccessful, With the greater amounts of light,
the undesired algal forms grew luxurisntly, and with
the decrease in the esmount cof light, the fallure of
larvae was quickly realized. Although positive proof
that the filesmentous algee offered en impediment to
the development of the larvse hes not been demonstrat-
ed, 1t is considered highly probsble that these forms
sre mechenically detrimentel to the normal develop-
ment of the larvsl oysters.

In consideration of the findings derived from
these last three experiments, it wes declded that fur~
ther experiments would be c¢onducted in such 8 wanner
that the light would be excluded frocm one side and one
end of each squarium., The two penes chosen for screen-
ing were those which faced the greatest sources of
light, i. e. the norih and west. Subsequent experi-
ments were conducted with the installetion of black
paper soreens over the two mentioned aguarium wells,
These were affixed in the manner previocusly described.
In eddition to these screens, & layer of bleck paper

was pleced over the windows adjascent to the aquarias,
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thus excluding all direct light from sources outside

the laboratory,

Experiment IX, Food Content of Wster

This experiment was started August 4, 1947. Ap=
proximately 50,000 larvae collectsd from two adult
oyaters were introduced to this tank, Apparatus No. 3
with 1ts finsl modificetlons was used in the conduct
of thils experiment. In this experiment, 1t was hoped
that determination could be made as to the length of
time that larvae would survive wlthout change of
water, The initial filling of the tank was with water
collected at high tide. This water had a salinity of
33.0 p. po mille, and the temperature at the time of
collection was 16 degrees C. The water was strained
in the manner deseribed earlier in this writing and
was introducad to the tenk. Tempersasture range throughe
out the course of the experiment was that given earlier
in this writing, The last living larvae in this tank
were observed August 16, 1947, Some of them having
lived, 1t is seen, for a period of 12 days, Examina-
tion of the larvae from time to time indicated that
no growth had tsken place, The salinity of the water
dropped to 31.5 p. p. mille, during the course of the

sexperiment. At the sconcluslon of the experiment a
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gtrong odor of deterioration was noted in the sand In
the bottom of the tank, The pH of the water was 7.5
and no conclusion was arrived at concerning the effect
that the deterioration of organic matter might heve
had on the viabillity of the larvse.

Experiment X, Consideration of Tide

This experiment wss started August 4, 1247, Ap~
proximately 50,000 larvee were introduced to this
tank, Appsrstus No, 3 with the finsl mentioned mod-
1flcations wes used in the conduct qf this experiment,
These larvese were from the same asdult es those used
in Experiment IX. This experiment was run in an gt
tempt to collect more dets concerning the influence
of the stage of tlde upon the longevity of the larvse.
Tenks X and XI were conducted under parsllel condi-
ticne with the exception of stage cf tide at the time
of water colleotion. Txperiment X was concluded et
the end of 12 deys, the last living lervse heving
been observed in this tank August 16, 1947, For this
oxperiment the weter wes collected st low tide on 8ll
occasions. The temperature of the weter of these
collections ranged from 17 degrees C to 19 degrees C
end had 8 mean of 17,7 degrees C, The salinity of
these collections ranged from 26.2 p. p. mille. to



37

30.6 p. pe mille, and had a mean of 28,2 p. pe. mllle,
Twelve liters of water were changed each day durlng
the course of the experiment. For conclusions concern~
ing this experiment, see those given for the succeed-

ing work.

Experiment XI, Consideration of Tide

This experiment XI was started August 4, 1947,
Approximately 50,000 larvse were introduced to this
tank, The apparatus and laboratory arrangements used
in the conduct of this experiment were the seme as
those for Experiments IX end X, In this tank twelve
liters of water were withdrswn and refreshed deily,
the water being collected at high tide on a2ll occa-
sions., The temperature of the water collectlons
ranged from 13 degrees C to 18 degrees C and had a
mesn of 15.8 degrees C. The salinity of the collec-
tions of water ranged from 31l.2 p, p. mille. to 33.0
Ps Pe mille, and had & mean of 38.0 p. p. mille,

This tank was maintained for the same period of time
&8s that in Experiment X and the lsrval pcpuletion
declined at the same rate, as nearly as could be
determined, in both tanks, Wilth reference to conclu-
sions drawn from the conduct of these two experiments,

it would appear that differences in the quslities of
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the water with reference to tidal stages was negligible
and that the water collected at low tide oontained the
same potentlslitlies and/or limitations as that collect-
ed at the higher stages of tide, It was concluded
from the short duration of the life of the larvee in
these tanks that the light falling on them wss insufe
ficlent for their success., Great csre was exercised
in meinteining the same amount of light on the tenks
in Experiments IX to XIII and it is believed theat

this fector was the one responsible for the almost eco~
incidental failure of the larvae in these efforts,
That a toxic substance was the cause of the fallure

of the larvee waa consldered but this wes discounted
a8 improbable since the decline of the populations

in the tanks followed the seme pattern as that which
took place In the tank coumpletely darkened in en
earlier experiment. Further evidence that toxic sub-
stances were not responsible for the fallures men-
tioned 1s that experiments commenced during the con-
duct of Experiments IX to XIII passed through the
dates on which the latter failed and without appre-
clable decimation of larvee. The water for all ex~
periments under concurrent consideration was col-
lected and handled in the same manner and at the

same times,
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Experiment XII, Food Content of Wster

This experiment was sterted August 4, 1947.
Approximately 50,000 larvae were used in this experi-
mentael tank. The spparstus and srrangements were the
same as those mentloned in the preceding pasragraph.
Twelve liters of weter were changed in this tank each
dsy during its considerstion., Water used in this ex-
periment was collected at high tide from the closed
end of a mud-flat inlet, Water thus collected was
that which hed been forced over the mud by the rising
tidsal movements. The teumperature of the water col-
lections ranged from 16 degrees C to 26 degrees C and
had s mean of 21,1 degrees C. The salinity of these
collections ranged from 28.4 p. p. mille. to 32.5
Pe Po mille. end hed & mesn of 29,8 p. p. mille.

This experiment was concluded 12 days after the
introduction of larvee, the last living individusals
having been observed August 16, 1547, It appesred
from the condust of thls experiment that thiz source
of water was of no greater value than the source pre-
viously used, at least under the prevailing labors-
tory conditions. The decline of the larvel popula-
tion in this tank followed much the same pattern as
that of the other experiments currently under con-

sideration,
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Experiment XIII, Food Content of Water

This experiment wes started August 4, 1947. Ap-
proximately 50,000 lsrvee were introduced to this
tank. The apparatus snd equipment were the same asg
those used in the preceding four experiments, Twelve
liters of water were changed in thls tank each dsy
that 1t was under study. The water that wes placed
into this tenk was not strained to remove the larger
forms ss was done in all previously oconducted experi-
ments, The water was introduced to the tenk in the
condition that it wes collected., This experiment
waes run for 10 dsys and at the end of that time the
larvas were all dead. The water for the conduct of
this experiment was collected at high tide on all
occasions, The temperature of the water collected
ranged from 13 degrees C to 18 degrees C and had a
mesn of 16.2 degress C. The salinlity of these col-
lections of water ranged from 31.2 p. p. mille, to
33+2 De De mille, and had a meen of 32,0 pe pe mille.
Early in the conduct of this experiment the appear-
ance of large crustaceen forme was noted. These doubt-
lessly contributed to the competition for food which
would be keen even under clrcumstances prevailing in

previous experiments, The dlsappearsnce of the
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larvae from the water followed the same atiriticnal
pattern that hes been noted in all experiments., It
sppeered that nothing was to be gsined by using water
as 1t came from the bay without straining it through
bolting oloths It was concluded that no further at-
tempts should be made without atralning the water

prior to use,
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CONCLUSIONS

l. Apparatus No., 3, wlth innovations to the
procedure as are seen flt, will be & satisfactory
mechanical arrangement for future rearing experi-
ments,

2. Future experliments should give primery
consideration to the i1llumlnation of the culture
vessels,

3« Rearing studles should be conducted under
more natural condltions of illumination, i, e. using
e greater portion of the shorter wave lengths of the
gsolar spectrum and eliminating more of the longer

wave lengths from contact with the culture vessels.
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