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Pacific oyster larvae will delay metamorphosis and setting in

the absence of suitable substrates or under adverse environmental

conditions. Certain treatments can be used in the laboratory or

hatchery to achieve the highest percentage of metamorphosed larvae

in the shortest period possible. Purpose of this study was to

evaluate factors which influence the setting of Pacific oyster larvae.

Rapid growth of the larvae to setting size and food cell concen-

trations exceeding 50, 000 algal cells/ml during the last few days

prior to setting resulted in denser sets than slow growth of larvae

and lesser algal concentrations. Suspensions of brewer's yeast in

the culture vessels improved setting. A temperature of 30° C was

superior to lower temperatures, but uniform salinities in the range

of 16 to 34 0/00 did not seem to influence setting. Setting was

retarded by rapidly fluctuating salinities and copper concentrations

exceeding 0. 1 mg/I. Light and agitation of the culture medium
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appeared to have more effect on distribution of spat than on density

of setting. More larvae set in BioSea, an artificial seawater, than

in filtered seawater, Water which had been pumped by an adult

bivalve appeared to increase the density of setting oyster larvae; and

cuitch material was rendered more attractive to setting larvae after

presoaking in an oyster tissue extract, commercial oyster glycogen,

cornstarch, or dense suspensions of algae.
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LABORATORY STUDIES ON SETTING OF THE
PACIFIC OYSTER (CRASSOSTREA GIGAS)

INTRODUCTION

The Pacific oyster, Crassostrea gigas (Thunberg) is the princi-

pal commercial oyster of the West Coast of the United States and

Canada, supporting a sizeable industry in both countries and in

Japan. This oyster is native to Japan and was introduced to North

America about 1900. Although the Pacific oyster will grow readily

in North American waters, only in a few locations in Washington and

British Columbia do water temperatures rise high enough to permit

reporduction. Even in these areas, production of commercially

useful quantities of seed is erratic and highly dependent upon weather

conditions. Hence, the American industry is largely dependent upon

seed (juvenile) oysters imported annually from Japan.

Rising prices and an expanding home market for Japanese

seed oysters limit expansiQn of the Pacific Northwest industry.

Dependence of world oyster industries upon unreliable sources of

naturally-produced seed animals has led to interest in artificial

techniques for producing adequate and reliable seed stocks. Towards

this end, oyster seed hatcheries have been built on both coasts of

the United States, in Canada, and in the British Isles.

An experimental oyster seed hatchery was constructed at the
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Oregon State University Marine Science Center in 1967 for the pur-

pose of investigating the problems related to artificial production of

commercial quantities of Pacific oyster seed. The ultimate goal of

the hatchery is to demonstrate an economical technique for produc-

ing seed that could make possible large scale commercial hatchery

development on the west coast of North America.

Mass culture of marine bivalves has been conducted on a

successful and consistent basis for about 15 years. Standard tech-

niques for rearing several bivalves in the laboratory, including

oysters, have been described by Loosanoff and Davis (1963). The

problem at this time is to produce commercial quantities of seed

oysters economically. Walne (1966) described hatchery procedures

for European oysters (Ostrea edulis) and brought to light many of the

problems associated with large-scale commercial oyster seed

production.

The basic steps involved in producing oyster seed in a

hatchery are:

1) Spawning the adults.

2) Rearing quantities of algae adequate for feeding the larvae.

3) Rearing the larvae through free-swimming stages with

rapid growth and high survival.

4) Causing the larvae to attach to and metamorphose success-

fully upon a suitable substrate at a density suitable for
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commercial Oyster culture.

5) Adapting the attached juveniles (spat) to the natural environ-

ment on the growing grounds.

The greatest difficulty in hatchery oyster culture has been in

the fourth and fifth phases. Larvae may delay metamorphosis after

reaching maximum free-swimming size, fail to survive metamor-

phosis, attach (set) too densely or too sparsely to the substrate

material (cultch), or fail to survive when placed in an estuary.

In order to achieve the greatest productivity from the setting

phase of an oyster hatchery operation, three things must be

accomplished:

1) The highest possible percentage of the larval population

must successfully attach to the desired substrate.

2) The optimum density of spat must set on the cultch.

3) The variation in the number of spat per piece of cultch

must be minimized.

Both in nature and in the laboratory, larvae of the Pacific

oyster undergo a free-swimming stage which lasts three to four weeks

before they metamorphose into a juvenile oyster. When a larva

reaches a shell length of about 300 microns, it has attained its full

development as a larva and is ready to attach to a substrate (set)

and undergo metamorphosis. At this stage the larva is termed a

pedivel.iger or eyed larva because of the appearance at this stage of



4

a well-developed foot and a dark pigment spot or ueyet.

The behavior of pediveligers as they search for a site to attach

themselves has been described by Prytherch (1934). A larva which

is ready to set swims about by means of its ciliated velum until it

contacts a solid surface. If it strikes a suitable substrate, it adheres

with the ciliated foot which protrudes from between the valves of the

shell. The pediveliger then begins to crawl on the substrate in an

apparently random manner. When it selects a site on the substrate

for attachment, a drop of cement is released from a gland in the

foot onto the substrate and the left valve is placed in the cement.

Adhesion is completed within a few moments, and the larva immedi-

ately undergoes metamorphosis.

Larvae have been found to set on almost any nontoxic substrate,

but they show a preference for specific substrate materials (Butler,

1954). Metamorphosis involves extensive changes in anatomy of the

oyster over a period of one to three days to prepare the animal for

a sedentary existence. These changes in anatomy have been

described in detail by Cole (1938), Galtsoff (1964), and Prytherch

(1934) and will not be repeated here.

The intensity and rate at which setting proceeds in a population

of larval oysters as well as the duration of the free-swimming stage

are greatly affected by small variations in the environment. Con-

siderable research has been conducted on factors affecting setting



and how they influence a population of larval oysters. Most of the

research on setting has been done on European and American

(Crassostrea virginica) oysters. However, the spawning, egg devel-

opment, larval shape, larval food requirements, and larval growth

rates of the Pacific oyster are very similar to those of the American

oyster (Loosanoff and Davis, 1963), and it is likely that the larvae

of these two species respond similarly to environmental conditions

during setting.

Early studies on oyster setting were primarily concerned with

describing the temporal and geographical distribution of oyster

setting in estuaries. Gaitsoff (1964) and Korringa (1952) have

reviewed much of the early literature on oyster setting. However,

with the development of reliable techniques for rearing oyster larvae

in the laboratory and with the recent interest in large-scale commer-

cial production of oyster seed, more attention must be given to fac.-

tors influencing oyster setting under hatchery conditiQns.

The setting of oyster larvae from a single spawning may extend

over several days, even where the larvae are raised in tanks under

controlled conditions. Walne (1966) and Bayne (1969) found the

largest percentage of European oyster larvae setting 12 to 18 days

after release from the female. However, some larvae set as early

as eight days and as late as 24 days (Walne, 1966).

The common belief that oyster larvae can delay metamorphosis



in the absence of suitable conditions or acceptable substrates is

supported by the work of Bayne (1965) on the mussel (Mytilus edulis).

Bayne found mature mussel larvae to be able to delay metamorphosis

for up to 40 days, the time being dependent partially upon temperature

and salinity. Results of unpublished studies at the Oregon State

University Marine Science Center indicate that oyster larvae can also

delay metamorphosis, although not for such long periods.

Research on the effects of light on invertebrate larvae, includ-

trig oysters, has been reviewed by Thorson (1964). Thorson con-

cluded that while light may stimulate metamorphosis of invertebrate

larvae, the larvae typically seek out shaded areas for setting.

Field studies with the New Zealand oyster (Ostrea lutaria)

showed that larval behavior during setting was affected by slight

alterations of light intensity and current (Cranfield, 1968). Discrep-

ancies among earlier investigations on the effects of light on setting

were attributed by Cranfield to variations in experimental technique.

He found more intense setting on asbestos plates held in unshaded

frames than in shaded ones. Furthermore, greater spat-fall was

achieved on plates protected from the current by polyethylene sheet-

ing than on plates exposed to the current.

Studies on the effect of temperature on setting also have given

varied results. Bayne (1969) found no significant effect on setting of

the European oyster where temperatures ranged from 19 to 23° C.
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Lutz, Hidu, and Drobeck (1970), on the other hand, noted a stimulat-

ing effect on setting in the American oyster when temperatures were

suddenly increased from 24 to 29° C.

Algalfood concentrations have been reported to affect setting.

Bayne (1969) found that European oyster larvae set more densely at

food concentrations of 100, 000 algal cells per milliliter than at

lower concentrations.

A markedly gregarious response of oyster larvae resulting in

increased setting in the presence of previously attached individuals

has been shown by Hidu (1969), Cole and Knight-Jones (1949), and

Bayne (1969). Crisp (1967), Walne (1966), and Bayne (1969) noted

considerably denser setting on cuitch treated with extracts of oyster

tissues than on untreated cultch.

My study was designed to evaluate the effect of a variety of

factors likely to affect setting in a hatcheryin an attempt to deter-

mine how these factors might be manipulated to optimize setting in

a hatchery operation.
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GENERAL METHODS

Sourceof Larvae

Pacific and Kumamoto oysters (both are varieties of C. igas)

are raised the year aroipd at the Oregon State University pilot oyster

hatchery. Larvae used in my experiments were taken from hatchery

tanks. The methods used in the pilot hatchery are adapted after

those described by Loosanoff and Davis (1963).

A spawning stock of adult oysters is maintained in flowing sea-

water in the hatchery. The adults are induced to spawn by thermal

stimulation, and the 500 liter hatchery tanks are stocked with from

2 to 10 million larvae each. The larvae are fed a diet of mixed algae

consisting of the naked flagellates Monochrysis lutheri and Isochrysis

galbana. Enough algae is added twice each day to the hatchery tanks

to achieve a concentration of 5, 000 to 40, 000 algal cells per mliii-

leter of water in the tanks; the higher concentrations are for older

larvae. Algal densities were determined by use of a Coulter Elec-

tronics Particle Counter, model B.

Once per week, the water is drained from the tanks through

stainless steel screens to retain the larvae and is replaced with

fresh sand-filtered and ultraviolet treated seawater adjusted to a

salinity of 25 0/0 0 The water is maintained at a temperature of



25 to 270 C and is agitated constantly by air bubbles. Sulmet, a

commercial grade of sodium sulfamethazine, is added to all culture

water at a level of 50 mg/mi and has been found to increase larval

growth rate and survival.

After the larvae have been held about three weeks, some of

them will attain a shell length of 280 to 300 microns. At the begin-

fling of the third week, four scallop shells are suspended in the rear-

ing tanks. When larvae begin to set on the scallop shells, the tanks

are drained and larvae are sorted for size by passing them through

a series of sieves. Those larvae which are retained on a 208 micron

sieve are placed in setting tanks. The smaller larvae are returned

to the rearing tanks.

Setting tanks are rectangular fiberglass tanks identical to the

rearing tanks. Four polyethylene baskets, each filled with one

bushel of oyster shell, are placed in each setting tank. The shell

is allowed to weather outdoors for at least one year, and it is

washed in a rotating drum (cement mixer) prior to placement in the

setting tanks.

Water temperature in the setting tanks is maintained at 25 to

30° C for both Pacific and Kumamoto larvae. Food is added to the

setting tanks at a rate of 80, 000 cells of algae per ml of tank volume

once each day. The lights in the setting room are turned off when
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the room is not in use. Water In the tanks is agitated by introducing

air.

Periodically the shell in the bushel baskets is scrutinized for

spat. If the set is too sparse, additional larvae are placed in the

tank.

Spat are usually held in the hatchery and fed until they have

reached a shell length of three to five millimeters. At this size they

are ready for transfer to the estuary.

Holding Larvae in the Laboratory

Larvae for my experiments were taken from hatchery tanks

after they had attained a size where they were retained by the 208

micron sieve. Batches of approximately 40, 000 larvae were trans-

ferred to a plastic beaker with four liters of filtered seawater at a

salinity of 25°/. These larvae were held at 25°C and fed either

Monochrysis or Isochrysis added to the water twice a day in sufficient

quantity to achieve an algal concentration of 50-80, 000 cells/ml.

The water was aerated. A strip of sandblasted glass sheeting measur-

ing 3/1611 X 211 X 14' was placed in the beaker. This strip of glass

was examined daily, and when significant numbers of larvae were

observed setting on the strip, the population was judged to be ready

for experimental use.
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Experimental Techniques

Most of my experiments involved putting known numbers of

larvae in glass containers. The groups of larvae were subjected to

different treatments, and the larvae were allowed to set on the sides

and bottom of their individual containers. Two-liter and 250 ml

Pyrex beakers, Pyrex test tubes, and 50mm diameter Syracuse watch

glasses were used in various experiments during the course of this

study.

When larvae began setting on the glass strip in the 41 beaker,

they were transferred to a 500 ml beaker containing 400 ml of sea-

water. Aliquots were withdrawn using an automatic pipette while the

larvae were kept in uniform suspension by agitation with a perforated

plexiglass plunger. The volume withdrawn was determined by the

number of larvae desired in each container. At least two aliquots

were placed in each beaker to insure a more even distribution of

larvae among the experimental containers. For example, if 30 con-

tainers were to be used in a particular experiment, the first con-

tamer received the first and thirty-first aliquot, the second container

the second and thirty-second aliquot, and so forth. The containers

were then filled to the desired volume with seawater and placed in a

water bath. Treatments were randomly assigned to containers.

Periodically during the course of an experiment, the containers
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were removed from the water bath and examined. The number of

spat on each container was counted at each inspection. Questionable

spat were stroked with a camel's hair brush. Those larvae which

failed to be dislodged by the brush were considered to have success-

fully set. No attempt was made to determine subsequent growth and

survival of the spat.

All beakers were assumed to contain the same number of

larvae at the initiation of an experiment, and each observation con-

sisted of the number of spat counted in each beaker on a particular

date.

Suspended cuitch was used in some experiments. The cultch

materials were squares of fiberglass 1mm X 100mm X 100mm, or

polyethylene sheeting 2mm X 40mm X 40mm strung on 5mm dia-

meter glass rod or weathered and scrubbed right valves of Kumamoto

oyster shells selected for approximately equal size (about 8cm2)

strung on monofilament. The pieces of cultch were separated by

8mm spacers (glass tubing), and the strings were suspended verti-

cally in the experimental vessels, extending from just below the sur-

face to 1 cm from the bottom. The size and shape of the cells varied

among experiments and is described separately for each experiment.

Larvae were apportioned to the cells in a manner similar to

that already described above except that a 10 or 25 ml pipette was

used to transfer larvae to the cells.
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Each observation consisted of the number of spat per piece of

cultch in each container, Where oyster shell cuitch was used, only

those spat attached to the smooth inner surface of the shell were

counted. Newly attached spat are difficult to detect on roughened

outer surface of oyster shell.

After completion of an experiment, spat were removed from

the containers with steel wool and an abrasive cleanser. Before each

the containers were rinsed several times with filtered

seawater. Spat were removed from the polyethylene cultch with a

sponge. The fiberglass cultch and the oyster shell were not reused.

Most experiments were conducted under constant room lighting

from fluorescent fixtures at an intensity of 40 foot-candles at the

level of the containers. Temperatures, salinities, feeding rates,

agitation of the culture containers, and numbers of larvae varied

among individual experiments and are described separately for each.

The duration of individual experiments varied. In most cases,

the experiments were continued until comparatively little additional

spatfall was noticed on successive days. In some experiments using

oyster shell cultch and large numbers of larvae, experiments were

terminated while larvae were still setting so that larvae would not

set too densely to be counted,

Where lengths of larvae are given, it is the greatest dimension
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of the larval shell parallel to the hinge or umbo. All measurements

were taken in microns with an American Optical Company micro-

meter eyepiece.
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EXPERIMENTS ON FOOD AND TEMPERATURE

Two factors having considerable effect on the physiological

condition of oyster larvae as they approach metamorphosis are food

and temperature. Good nutrition is necessary for larvae to grow to

maturity. Water temperature affects the rate at which larvae can

utilize food and is important in determining the rate at which enzyme

systems, probably including those involved with setting, function.

Metamorphosis results in rather drastic changes in the anatomy

and physiology of the oyster. It would seem likely that certain

amounts of specific substances, perhaps in the form of metabolic

reserves or essential enzymes, would have to be accumulated by an

oyster larva before it can exhibit a setting response and certainly

before it could successfully metamorphose.

Inadequate nutrition or other stress imposed on larvae during

their early free-swimming existence, while allowing eventual growth

to maximum free-swimming size as expressed in shell length or

caloric content, could affect the success of metamorphosis even

though the stress was alleviated immediately prior to and during

setting. Walne (1966) found that slow growing European oyster larvae

attained the eyed stage but did not metamorphose. He stated that

"a substantial spatfall is obtained only when larvae grow rapidly. l
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Feeding Rate and Temperature

Three laboratory experiments and two experiments in the

hatchery were conducted to determine the effect of feeding rate and

temperature on setting.

Experiment 1

In an oyster hatchery slow growth can result from inadequate

feeding. Experiment 1 was designed to test the effects of feeding on

success of setting.

Three tanks in the hatchery received food at different rates

from the time the larvae shelled up (developed larval shell) until they

were introduced into the setting tanks. The algal concentration in

one tank was adjusted to 40, 000 cells/mi once per day. The concen-

tration in the second tank was adjusted to 40, 000 cells/mi twice per

day. In the third tank, a continuous flow feeding apparatus was used

to maintain a constant concentration of 40, 000 algal cells/mi. The

larvae in all three tanks were from the same parents to avoid pos-

sibie differences in growth due to genetic factors. These three tanks

supplied the larvae for Experiment 1.

Approximately 9, 000 setting-sized larvae were taken from each

of the three tanks and placed in nine 2, 000 ml beakers. There were

three beakers from each tank, each containing 3, 000 larvae. Each
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beaker was filled with 1800 ml of filtered seawater diluted to 250/00

and was placed in a water bath at 25° C under continuous overhead

lighting. From the start of the experiment until it was terminated

10 days later, the water in the beakers was changed every other day

and the larvae were batch fed once each day. Three levels of feeding

(25, 000 cells/ml, 50, 000 cells/ml, and 100, 000 cells/ml)were used.

At each feeding enough algae was added to a beaker to reestablish

the desired concentration.

A total of 320 larvae set in this experiment. To examine the

effect of frequency of feeding during early larval stages on success

of setting, the experiment was partitioned into three categories

(once/day, twice/day, and continuous), A CM-square test (Table 1)

indicated that there was no significant effect of frequency of feeding

during early larval stages on success of setting.

Table 1. Success of setting of Pacific oyster larvae (number of
spat) as affected by frequency of feeding during early
larval stages (Experiment 1).

Frequency of Feeding
Once/day Twice/day Continuous

Observed 90 119 111

Expected 107 107 107

x2(zd. f.) = 4. 19(Probability? 0. 10)



A similar Chi-square test on density of food during setting

stages (Table 2) revealed a highly significant effect where the experi-

ment was partitioned into three categories (25, 000, 50, 000, and

100, 000 cells/ml). It is concluded that relatively high densities of

food organisms (100, 000 cells or greater) increase the success of

setting.

Table 2. Success of setting of Pacific oyster larvae (number of
spat) as affected by density of algal cells during setting
stages (Experiment 1).

a!Density of Food-
25, 000 50, 000 100, 000

cells/mi cells/mi cells/mi

Observed 15 71 234

Expected 107 107 107

X2(2d.f.) = 241 (Probability < 0.001)

Algal cells/mi of culture medium.

Despite the failure of the Chi-square tests to show significant

differences in setting of larva& fed at different frequencies, experi-

ence in the hatchery indicates that larvae fed frequently or contin-

uousiy reach setting size sooner and set more densely than larvae

fed only once per day.
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Experiment 2

A second feeding experiment examined the effect of feeding

rates and temperature on success of setting. There were two beakers

for each treatment combination. Temperatures were held at 17°,

21°, and 24°C. Feeding rates were 0, 50, 000 and 100, 000 cells/mI.

In this experiment 2 1 beakers were stocked with 300 larvae each and

filled to 1800 ml with filtered seawater at 25°/ salinity. The

beakers were placed in water baths, and the larvae were fed every

other day. Water was changed once during the experiment, and the

spat iere counted after 10 days. The results are given in Table 3.

Table 3. Success of setting of Pacific oyster larvae (number of
spat)&as affected by temperature and feeding rate during
setting period (Experiment 2).

Feeding Rate (cells/ml)"
Temperature 0 50, 000 100, 000 Total Spat

17°C 0 3 1 4

21°C 0 14 3 17

24°C 0 24 93 117

Total Spat 0 41 97 138

Each count is the sum of two beakers treated alike.

Algal cells per ml of culture medium.
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Little setting occurred in beakers held at 170 and 21°C. No

larvae set in beakers which received no food. At 24° C, a feeding

rate of 100, 000 cells/ml was superior to 50, 000 cells/ml, with 97

larvae setting at the higher rate and 41 at the lower rate.

Experiment 3

A third experiment tested the effect of feeding rate on setting

at temperatures of 25° and 30° C. Feeding rates were 25, 000

50, 000 and 100, 000 cells/ml. In Experiment 3, 250 ml beakers

were stocked with approximately 200 Kumamoto oyster larvae which

had attained setting size. There were five beakers for each treat-

ment combination. The beakers were filled with 200 ml of filtered

seawater which was changed every day prior to feeding. Larvae in

the beakers set over a period of six days, and the spat were counted

on the sixth day. The results are shown in Table 4. The best

setting percentage was about 30, 4%, occurring at the warmest

temperature (30° C) and the highest algal densIty (100, 000 cells/ml).
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Table 4. Success of setting of Pacific oyster larvae (number of
spat)&as affected by temperature and feeding rate during
the setting period (Experiment 3).

Feeding Rate (cells/mi)
Temperature 25, 000 50, 000 100, 000 Total Spat

25°C 7 17 158 182

30°C 39 109 304 452

Total Spat 46 126 462 634

Each count is the sum of 5 beakers treated alike,

Experiment 4

Two feeding trials were conducted in the hatchery to further

evaluate laboratory findings under hatchery conditions. Repetitions

of treatments are difficult to conduct in the hatchery because of the

large size of the tanks (500 L) and the large number of larvae

(500, 000 to 1, 000, 000) required to obtain significant set on individual

pieces of cuitch.

Experiment 4 utilized three tanks. Two tanks were kept at

29° C and one tank at 25° C. The algal concentration in one of the

tanks at 29°C was adjusted to 80, 000 cells per ml once per day and

in the other to 80, 000 cells per ml twice per day. The concentration

in the tank at 25°C was adjusted to 40, 000 cells once per day, the

usual hatchery procedure at the time of the experiment.
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Three baskets each containing about a bushel of weathered and

washed Pacific oyster shells were placed in each tank. A. string of

10 large scallop shells (about 120mm in diameter) strung two inches

apart was suspended at the rear of each tank. Each tank was stocked

with approximately 700, 000 setting-size Pacific oyster larvae. Set-

ting in the tanks began immediately. Lights in the room were turned

off about 70% of the time during which the larvae were setting. Only

spat on the smooth inner surface of the scallop shells, oriented

upward for the bottom five shells and downward for the top five shells

were counted. The results are given in Table 5.

Table 5. Setting of Pacific oyster larvae on scallop shells
suspended in hatchery tanks at two temperatures
(Experiment 4).

a/b/Spat Count
Temper- Algal Feeding 2 3 6 10

Tank ature Density Frequency days days days days

47 25°C 40, 000 cells/ml Once/day 76 74 108 121

46 29°C 80, 000 cells/mi Once/day 509 485 561 527

48 29°C 80,000 cells/ml Twice/day 185 202 329 340

Counts on successive days after introduction of the larvae into
the setting tanks containing the cultch.

Counts are the sum of the spat on ten shells.

Excellent set occurred in all three, tanks, but, as expected,

the higher densities occurred in tanks 46 and 48 with warmer water
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and higher densities of food organisms. It may be noted that the spat

count for tank 46 on the 3rd day is less than on the 2nd day and the

10th day count is less than the 6th day. Experience with hatchery

setting has indicated that quite frequently larvae attach to the shell

firmly enough to resist dislodgment by gentle brushing or a stream

of water from a wash bottle, but apparently fail to elaborate new

shell and eventually drop off the cuitch. The reason for this is

unknown. Presumably these larvae fail to survive. No increase in

density of setting was shown in tank 48 fed twice per day, probably

because the larvae in this experiment were very near setting at the

beginning of the experiment and therefore less apt to be influenced

by food concentration than less mature larvae.

Experiment 5

In this hatchery experiment, two setting tanks were held at

250 C and two at 30 C. One tank at each temperature was fed

50, 000 cells/mi and one was fed 100, 000 cells/mI. All were fed

once per day. Scallop and oyster shells were placed in the tanks as

in Experiment 4.

Very poor setting occurred in all the tanks in this experiment.

Although the results are not considered to be very conclusive because

of the poor set, the warmer water again appeared to produce the
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heavier sets with 33 larvae setting in the two tanks at 30°C and 11 at

25° C. Feeding rate had no demonstrable effect on setting.

Algae vs. Yeast

Oyster larvae have been found to grow and set where the diet

is restricted to Monochrysis and Isochrysis. However in nature the

larvae are presented with a much more varied diet. My preliminary

experiments indicate that oyster larvae will ingest cells of brewer's

yeast (Saccaromyces cervasiae). The nutritional value of yeast for

oyster larvae is not yet known, and growth of larvae when fed yeast

has not been studied in detail. However, the nutrient composition of

S. cervasiae would seem useful for oyster larvae, if they could digest

the cells. Cook (1958) lists the chemical constituents ofyeast cells,

and these would seem to be favorable for oyster larval development,

Experiments 6 and 7

Two experiments were conducted to determine the effect of

brewer's yeast on setting larvae. In each case the yeast was pre-

pared by mixing 0. 4 grams of powdered primary brewer' s yeast with

1 liter of filtered seawater in a blender for two minutes. The result-

ing yeast cell suspension was counted on the Coulter particle counter.

Enough of the suspension was put in the setting beakers to achieve

the desired cell concentration, exactly as is done with algae. The
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algae were obtained from the hatchery algal tanks. In both experi-

ments one set of beakers was fed 50, 000 algal cells/ml. A second

set was fed 50, 000 yeast cells/ml. A third set was fed 25, 000 algal

cells and 25, 000 yeast cells/mi. There were two repetitions of each

treatment in experiment 6 and three repetitions in Experiment 7.

Both experiments made use of 250 ml beakers. The water was held

at 29° C. Approximately 300 larvae were placed in each beaker and

the spat were counted after eight days in Experiment 6 and after three

days in Experiment 7.

Data from these experiments are given in Table 6. Values

represent total spat in the beakers. In both experiments yeast was

superior to both algae and algae and yeast combined. In Experiment

6 the ratio of algae: yeast: algae plus yeast was 1.0: 3.7 : 1. 8. In

Experiment 7 the ratio was 1.0: 1. 8: 1. 3.

Table 6. The effect of a yeast cell suspension on setting of Pacific
oyster larvae (Experiments 6 & 7).

Spat
Experiment Experiment

Food Concentration 6J 7!
Totals-

Algae 50, 000 cells/mI 83 103 186

Yeast 50, 000 cells/ml 308 185 493

Algae and
Yeast 50, 000 cells/mi 151 130 281

Sum of spat in two beakers.
b/ Sum of spat in three beakers.

Total spat for both experiments.
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Experiment Ba

Yeast was tried in the hatchery in two experiments. Two tanks,

each containing four bushels of oyster shell plus four strung scallop

shells were used in experiment 8a. Both tanks were at 300 C, and

food was added once per day. One tank was fed 60, 000 algal cells/mi,

the other, 40, 000 yeast cells/mi (1. 5g per tank per feeding). Each

tank was stocked with 800, 000 larvae. Setting occurred in both tanks

within 24 hours after initiation of the experiment. Eleven days later

the spat on the scallop shells were counted. The spat counts per

shell in the tank fed algae were 0, 3, 7, 2 (a total of 12). In the yeast-

fed tank, the counts were 3, 1,16, 16 (a total of 36). The ratio

between the tanks receiving algae and yeast was 1:3.

Experiment 8b

Three tanks were used in experiment 8b. Two tanks received

50, 000 yeast cells/mi, one tank 50, 000 algal cells/mi. Each tank

contained 10 scallop shells and 4 baskets of oyster shell. One-

million larvae, 10% of which were eyed, were placed in each tank.

Spat counts were made on three separate days. The counts are

shown in Table 7, Interestingly, many spat failed to remain attached

to the scallop shells in the tanks receiving yeast, while none fell off

in the tanks receiving algae. One of the yeast-fed tanks was superior
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to the algal-fed tank, but the other was not, due to the failure of the

spat to remain attached,(see Table 7).

Discus sion

The relationship between food cell density during the last few

days prior to setting and success of setting is clear. Within the

range that I tested (0-l00 000 food cells/mi) density of set increased

with food availability. Bayne (1969) also found food cell concentra-

tions of 100, 000 algal cells/mi to result in more rapid setting of

European oyster larvae than lower densities, with which my findings

on the Pacific oyster agree. The one exception in my experiments

was ExperuTlent 5 which utilized hatchery tanks where there was no

significant difference in setting between tanks fed 50, 000 and

100, 000 algal cells/mi. In Experiment 4, also in the hatchery tanks,

better setting occurred at 80, 000 algal cells/mi than at 40, 000. But

in this case, the tank fed 80, 000 algal cells was held at 29°C and the

tank at 40, 000 algal cells was held at 25° C, so the effect of tempera-

ture on setting may have interacted with the effect of food density in

this experiment.

Walne (1966), working with the European oyster, reported that

while 180 micron larvae consumed about 20, 000 algal cells/larva/day,

280 micron larvae consumed 60, 000 algal cells/larva/day. Malouf

(1970) calculated grazing rates for Pacific oyster larvae of various



Table 7. The effect of a yeast cell suspension on setting of Pacific oyster larvae in hatchery
tanks (Experiment 8b).'

Tank 41 (Yeast) Tank 45 (Yeast) Tank 44 (Algae)
4-21-71 4-22-71 4-24-71 4-21-71 4-22-71 4-24-71 4-21-71 4-22-71 4-24-71

0 3 1 2 6 3 0 0 1

3 19 13 1 4 0 0 1 c

1 12 8 9 16 2 5 7 7

1 32 19 1 3 3 1 3 12

5 38 24 0 8 8 6 8 34

7 27 31 10 14 9 4 4 7

18 34 33 8 17 14 0 1 4

7 17 10 16 19 21 4 3 5

2 9 9 11 16 17 0 0 0

7 29 47 4 10 1 0 1 2

Totals

51 220 196 62 113 78 20 28 77

Each count is the number of spat on a scallop shell suspended in the tank.
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shell lengths and caloric contents. He found that the grazing rate of

oyster larvae increased exponentially with shell length and linearly

with caloric content. This relationship held up for larvae of shell

lengths from 90 to 315 microns (well above minimum setting size).

Usually both pigment spot and foot are well developed in larvae

of 300 microns and larger. Such larvae are often seen crawling

actively on the surface of culture containers just prior to setting.

Hence, it appears that Pacific oyster larvae are capable of active

feeding right up to metamorphosis; and their food consumption

steadily increases up to that point. Assuming that food grazed from

the water is assimilated and produces growth and that the larger

larvae are more likely to metamorphose than the smaller ones, a

higher feeding rate during the last few days prior to setting should

result in larvae more capable of setting.

With the exception of Experiments 4, 7, and 9, my feeding

experiments ran from 6-10 days, representing one-fifth to one-third

of the larval life of the animals. This being the case, my experi-

ments are measurements of the relative condition of the larvae as

it affects setting rather than a sudden stimulatory effect of dense

algal concentrations on setting.

Bayne (1965) found that mature mussel larvae will delay

metamorphosis in the absence of a suitable substrate for a period of

up to 30 days and still retain the ability to attach and metamorphose
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if presented with a. suitable substrate. However the larvae become

less selective of substrate type as the period of delay lengthens.

Bayne's findings are partially borne out by the behavior of oyster

larvae removed from hatchery tanks and used in my laboratory

setting experiments.

When larvae are held in the hatchery until they begin to set on

indicator shells suspended in the rearing tanks and are then quickly

transferred to setting tanks containing oyster shell, heavy setting

usually occurs within 24 hours. When some of these same larvae

are transferred to experimental containers in the laboratory where

the only substrate available is glass or plastic, they usually fail to

set until they have been heavily fed for at least two days. But if

oyster shells are present, the larvae in the experimental containers

will begin setting immediately. Hence it appears that Pacific oyster

larvae can delay metamorphosis for several days, perhaps longer,

and that optimal feeding during this period shortens the delay and

results in a larva less selective of substrate. This would seem to

indicate that the behavior of oyster larvae is somewhat different from

that of mussel larvae as described by Bayne (1965) in that Bayne

observed that the quality and quantity of food did not affect duration

of delay of metamorphosis of the mussel larvae.

Larvae delaying metamorphosis feed actively in the experi-

mental containers. Thus during my feeding experiments in the
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laboratory, the larvae had several days to be affected by the differ-

ential feeding rates; whereas in the hatchery, setting occurs soon

after the larvae are placed in the setting tanks and feeding is less

likely to have an effect. I feel this explains the lack of response of

setting to food density in Experiment 5 which utilized the standard

hatchery setting tanks in place of small experimental containers.

Experiment 1 utilized larvae that had been reared for the first

three weeks of their larval life under three different feeding frequen-

cies, Results indicate that the larvae which had been fed twice per

day or fed continuously set better than larvae which had been fed

once per day. This is born out by observations in the hatchery,

Larvae that are raised when the hatchery algal supply is at its peak

are fed frequently. They consistently grow faster and seem to set

more densely than larvae raised during periods when algal stocks

are impure or when feeding occurs only once per day. However only

one tank was fed each way in Experiment 1, and it is difficult to base

a firm conclusion about the value of more frequent feeding during

early larval life on these observations.

In summary, if larvae in the hatchery are fed well and are

allowed to grow to maximum free-swimming size prior to being

presented shell cultch, they will set rapidly and densely regardless

of the feeding rate during setting. But if the larvae grow slowly,

are presented with the cultch before they are mature or are presented
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a poor substrate, metamorphosis will be delayed. Heavy and fre-

quent feeding will shorten the delay and result in more dense sets

than moderate feeding.

In Experiments 6, 7, and 8 more than twice as many larvae

set when fed yeast as when fed algae at the same cell density. When

yeast was tried in hatchery setting tanks, again more larvae set

than in a tank where algae was the sole source of food.

Attempts to achieve growth of larvae less than 250 microns by

feeding them yeast have, however, proven unsuccessful. Neverthe-

less, spat have grown as well for the first week after setting on

yeast as on algae. Possibly as a larva nears setting size its food

requirements or its ability to assimilate particular foods change,

making it capable of utilizing yeast as efficiently as algae. This is

suggested by the work of Davis (1953) who showed that while small

American oyster larvae (less than about 125 microns) cannot utilize

the green alga Chlorella, larger larvae will grow on it. Another

possibility is that while the larvae may not actually derive growth-

producing nutrition from yeast, perhaps some factor such as a vita-

mm, vital in setting and metamorphosis, is present in the yeast cell

suspension.

Filming of the substrate by dense algae concentrations ma.y

influence setting. Walne (1966) and Cole and Knight-Jones (1949)

have stated that oyster shell and other cuitch which had been placed
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in flowing seawater for several days was more attractive to setting

larvae than freshly scrubbed cultch. Excessive fouling of the cuitch,

however, is considered detrimental to setting.

Considering the limited amount of filming that would be likely

to occur over the brief duration of my feeding experiments, the

increased set at the higher feeding rates was due primarily to the

superior nutrition.

In every experiment where temperature was a factor, setting

was increased by higher temperatures up to at least 30°C the highest

temperature used in my experiments. Temperatures below 24°C

appear to be unsuitable for massive setting of the Pacific oyster in

the laboratory; however, some larvae will set at temperatures as low

as 17°C.

Bayne (1969) compared setting of the European oyster at temper-

attires of 19° and 21°C and found no significant difference in numbers

setting at these two temperatures. Ltitz, Hidu, and Drobeck (1970)

noted a significant increase in setting of the American oyster when

larvae held at 24°C were transferred to water at 29°C compared to

larvae kept at 24°C. The increased setting rate following the tempera-

ture rise persisted for four hours after the increase. They attributed

this to a stimulus similar to that occurring when mature larvae in

the estuary are isolated in sun-warmed shallows.
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I feel the effect of temperature on setting is due simply to an

increase in the rate at which enzyme systems function, including

those involved in setting and those affecting the ability of the larvae

to utilize food during delay of metamorphosis, rather than to a

specific behavioral stimulus.
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EXPERIMENTS ON SALINITY, LIGHT,
AND WATER MOVEMENT

Quite obviously, the general physical environment within which

oyster larvae are placed immediately prior to metamorphosis will

affect the rate at which they set. Certain conditions will prohibit

setting entirely, others will affect the length of time the larvae delay

metamorphosis.

The general conditions most important in the hatchery and

most readily controlled are temperature, salinity, light, and water

movement. Temperature has been dealt with in the previous section

in conjunction with feeding because of its bearing on the ability of

larvae to utilize food. This section will consider the other three

factors.

Salinity

Two experiments were conducted to determine the optimum

salinity for setting of the Pacific oyster. A third experiment tested

the effect of a rapidly fluctuating salinity on setting.

Experiments 10 and 11

Setting-sized larvae were subject to salinities of 10, 16, 22,

28, 34, and 4O°/ in Experiments 10 and 11. Test salinities below
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34°! were obtained by diluting filtered seawater of 34°! with

distilled water. The 400,
0

salinity was obtained by gradually adding

Leslie coarse hide salt to 34 o water until 40°! was reached.

Courtright (1967) found that mussel and oyster larvae would develop

and could be carried to metamorphosis in a simple artificial seawater

(called BioSea) when coarse hide salt was used as a source of NaC1,

Experiments described elsewhere in this thesis have shown that

Pacific oyster larvae set very well in BioSea.

Both Experiments 10 and ii were carried out in 2 1 Pyrex

glass beakers containing 1800 ml of seawater. There were approxi-

mately 244 larvae per beaker in Experiment 10 and 327 larvae per

beaker in Experiment 11. The larvae were fed 50, 000 algal cells/mi

once meach day and the water was held at 28 C. Both experiments

lasted 10 days. Final spat counts are given in Table 8. Two beakers

were held at each test salinity in Experiment 10 and three in Experi-

ment 11.

If the experiments are considered together, there seems to be

little effect of salinity on setting at 22, 28, 34°/ and a decrease in

setting at 16 and 40°! However, it may be noted that while there

was fair setting at 10°, (66 spat) and good setting at 40°, (192
00 00

spat) in Experiment 10, neither salinity resulted in significant set-

ting in Experiment 11. I observed larvae beginning to set in numbers

at 40°! in Experiment 8 four days after the beginning of the
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experiment; whereas, at the same time few spat had set at any of

the other salinities. This did not occur in Experiment 11.

Table 8. Setting of Pacific oyster larvae at different salinities
(Experiments 10 and 11).

Salinity (parts
10 16 22

Numbe

Experiment l0' 66 17 294

Experiment ll" 3 169 101

per thousand)
28 34 40

r of spat

281 182 192

184 140 8

Total 69 186 395 465 322 200

Sum of spat in 2 beakers.

b/ Sum of spat in 3 beakers.

Experinent 12

Experiment 12 tested the effect of fluctuating salinity on setting.

When mature larvae are transferred from the rearing tanks to the

setting tanks they are usually subjected to varying degrees of salinity

change. It was desired to determine if this would inhibit setting.

Also, there exists the likelihood that responses to certain physical

environmental stimuli may have evolved to initiate setting in desir-

able areas. One of these stimuli could be the salinity change pos-

sibly experienced by an oyster larva crawling on bottom or lying

immobile during tidal changes. A free-swimming larva would be
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to experience rapid salinity changes. Another such stimulus might

occur when larvae are trapped in the shallows or on the tidal flats

when the tide recedes, leaving the larvae out of water for some time.

In order to test both of these possibilities, Experiment 12 was of a

factorial design. This experiment required 24,2 1 glass beakers.

About 300 larvae were placed in 1800 ml of filtered seawater in each

beaker. Twelve of the beakers were kept at a constant salinity of

28 0/00, the other 12 were at 28 0/ for 12 hours and then were

quickly changed to 16 0/00 for 12 hours, then back to 28 / for 12

hours and so on throughout the experiment. Thus every 12 hours,

all the larvae were screened out and the water changed, but half the

larvae were returned to water of a different salinity. At the water

changes, larvae from half of the beakers, both of changed and

unchanged salinity, were left on the screen for one hour. The other

half were returned immediately to the beakers. Results are tabulated

in table 9. Figures represent mean number of spat per beaker for

12 beakers and 95% confidence limits on the mean. The data show

that fluctuating salinity had an adverse effect on setting at the 95%

confidence level while retention of the larvae on the screen had no

effect.



Table 9. Effect of fluctuating salinity and retention of larvae on
a sieve on setting of Pacific oyster larvae (Experiment
12).

Mean number,
spat/beaker

95% conf.
limits

Salinity
Stable Unstable

35.50 18.92

39

Retention on sieve
1 hour Not retained

24. 83 25. 58

40.92-22.08 27.03-10.21 36.72-12.94 32.79-18.37

a! Means of 12 beakers.

Prytherch (1934) correlated the duration of the setting behavior

of American oyster larvae with salinity. He found larvae stimulated

by copper to set most rapidly at 16 °/,. Prytherch attributed this

to the functioning of the byssal gland, in particular the final discharge

of the cementing fluid which occurred most readily at 16 0/00. While

setting occurred most rapidly at 16 0/
, substantial numbers of

larvae set from 9 to 29 0/0 O Loosanoff and Davis (1963) found that

larvae of the American oyster reared at a salinity of 27 ole
o

could

metamorphose even if transferred to 10 /
0

just prior to setting.

In Experiments 10 and 11, larvae set at all six test salinities

from 10 to 40 0/
, but the success of setting was highly variable.

Good setting occurred in Experiment 10 at 40 0/, but not in
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Experiment 11. Spat appeared to begin setting two days earlier at

40 °/ in Experiment 10 than at lower salinities. Rocksalt was added

to obtain 40 0/ salinity, and this result was corroborated by more

rapid setting observed in later experiments with artificial seawater

prepared with rocksalt. These experiments will be discussed later.

I am unable to explain the apparent discrepancy in results between

Experiments 10 and 11. Possibly genetic factors pertaining to

salinity tolerance were involved, as the larvae in the two experiments

were progeny of different parents.

Optimum salinity levels for setting Pacific oysters appear to

be between 22 and 34 / Larvae were adversely affected by

fluctuating salinities, but apparently their ability to set is unharmed

by retention of larvae on screens up to at least one hour.

Light and Water Movement

Rectangular hatchery tanks are routinely agitated and aerated

by air bubbles from glass tubes situated at the four corners. Lights

in the setting room may be on or off. I conducted two experiments

to test the effects of light and water movement.

Experiment 13

Twelve 2 1 beakers were gently agitated with air bubbles from

a single glass tube in each beaker. Twelve additional beakers were
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not agitated. Approximately 300 eyed larvae were placed in each

beaker. Spat were counted after seven days. A mean of 32. 25 larvae

set in the beakers which had not been agitated. A mean of 18. 17

set in the beakers which had been agitated. The difference was

significant at the 95% confidence level.

Expirnent 14

Experiment 14 was designed to show the effects of both light

and agitation on setting of larvae on strung oyster shell. Four 8 1

glass jars were used in this experiment. Two strings each with 20

Kumamoto oyster shells were suspended in each jar. The shells

were all right valves selected for uniformity of size. They were

strung on monofilament nylon, smooth inside surface up, and sepa-

rated by 8mm glass spacers. Two of the jars were kept in a darkened

water bath, the lid only being raised to feed the larvae once each day.

The other two jars were placed in an open water bath under con-

tinuous lighting of 40-ft. candles.

One darkened jar and one illuminated jar were agitated by air

bubbles. The results of Experiment 14 are given in Table 10. The

spat counts represent only those spat setting on the upper, inside

surface of the shell. No attempt was made to count the spat on the

rough, outer surface, It is concluded that neither light nor agitation

significantly affect average density of spat. However, the variance
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for shells held in the dark in the absence of agitation was much less

than the variance for shells in any of the other test conbinations,

suggesting that the distribution of spat was more uniform in darkness

and in the absence of water movement.

Table 10. Setting of Pacific oyster larvae as affected by agitation
and illumination (Experiment 14).

Agitation
Illumination None Air bubbles

Room lighting Mean spat/shell 9. 2 7. 8

95%conf.interval 6.15-12.30 4.54-11.11

Variance 94.64 107.84

None Meau spat/shell 8. 1 7. 5

95% conf. interval 6. 15-10.05 4.25-10.80

Variance 38.l9 106.97

The effect of light on invertebrate larvae has been studied in

detail for many species, including oysters. Thorson (1964) states

that, in general, larvae of intertidal invertebrates will be photo-

positive in their late swimming stages but will become photonegative

as soon as their setting behavior sequence commences. This theoreti-

cally would insure that they would tend to be in shallow water at

metamorphosis, but would avoid setting in the direct rays of the sun.
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My experience in the laboratory and hatchery with oyster larvae

supports the observations of Cole and Knight-Jones (1949) who state

that the larvae of the Europen oyster tend to set in shady areas. On

the other hand, Cranfield (1968) placed metal frames supporting

asbestos plates in an area where dense setting of the New Zealand

oyster occurred. A frame which he covered with clear plastic sheet-

ing collected three times as many spat as a frame covered with black

plastic. This seems contrary to the findings of Cole and Knight-Jones,

Thorsen, and myself. However, In Cranfieldts clear frames, 2-1/2

times as many spat set on the uridersides of the plates as on the

upper. In his opaque frames, 5-1/2 times as many larvae set on the

upper surfaces as the lower. Thus it seems that Cranfield' larvae

sought subdued lighting. Shaw, Arnold, and Stallworthy (1970) con-

cluded that light inhibits the setting of the American oyster and that

numbers of larvae setting is proportional to the numbers of hours of

darkness experienced. Richie and Menzel (1969) found that Amen-

can oyster larvae will avoid setting on brightly illuminated clam

shells but will set heavily on shells not illuminated. Although it is

difficult to make conclusions on the basis of one experiment, my

data indicate that light and darknes do not materially affect density

of setting in the Pacific oyster, but may affect the distribution of the

spat.

The work of Cranfield (1968) suggests that reduced current
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favors setting of New Zealand oysters. He observed greater spatfall

on asbestos plates held in frames covered with wire mesh or trans-

parent plastic sheeting than on plates in open frames, apparently due

to reduction of current velocities in the covered frames.

Agitation appeared to reduce setting in Experiment 13, but not

in Experiment 14. Possibly the discrepant result is due to a differ-

ence in substrates. The duration of the crawling phase of setting

may be longer on glass than on the more desirable shell. If this is

the case and if turbulence in the water makes crawling and attach-

ment more difficult, it would follow that relatively fewer larvae

would set on glass than on shell when the water is agitated. Never-

theless, it appears from other observations that Pacific oyster larvae

can set in areas of rapid current. Frequently, I have noticed them

settthg on glass air tubes and airstones in the hatchery,

As in the case of light, more experimentation would be neces-

sary to determine the relationship of agitation to setting.
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EXPERIMENTS ON CHEMICAL STIMULANTS

The results of other workers in laboratory experiments with

the larvae of marine invertebrates indicate that there are specific

stimuli which can initiate rapid metamorphosis in experimental

animals; whereas, in the absence of the stimulus the larvae delay

metamorphosis or metamorphose at a reduced rate. The study of

these specific stimuli bears the most promise for uncovering means

of increasing success of setting in oyster hatcheries. During the

course of my investigations, I tried a variety of stimuli to increase

setting rates, Of these, only those discussed below appeared worthy

of further experimentation.

The most studied stimulus of oyster larvae is the one causing

a gregarious response, i. e. the tendency of the spat to cluster.

Much of my work consisted of gaining an understanding of the gre-.

garious response in oyster larvae. The effects of copper and artifi-

cial seawater as stimulants for setting were also tested. The stirnu-

latory effect of sudden temperature increase on setting as studied in

the American oyster by Lutz, etal. (1970) was not examined in my

work with the Pacific oyster.

Copper

Prytherch (1934) described the setting and metamorphosis of
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the American oyster in detail. As a result of his testing of the effects

of various ions and inorganic compounds on setting, he reported that

copper was essential for setting in American oysters. In repeated

experiments, he noted a dramatic setting response in oyster larvae

exposed to sublethal levels of several copper-containing compounds

or metallic copper. His results were so consistent that I conducted

two experiments with copper compounds to determine if a similar

setting response could be elicited from Pacific oyster larvae.

Experiment 15

Experiment 15 was designed to test the effects of CuSO4 5HO
on setting. In order to eliminate the effect of copper found in natural

seawater, two formulations of l3ioSea, an artificial seawater

developed for bay mussel bioassay purposes Courtright, 1967) were

used as culture media in addition to filtered seawater. When BioSea

14 is prepared as outlined in Table 11, the resulting salinity is

34
°/o -

For Experiments 15 and 16, BioSea 14 was diluted to 25 0/'

with distilled waters A second formulation, BioSea 15, is the same

as BioSea 14 except that reagent grade NaC1 is substituted for the

Leslie coarse hide salt.



47

Table 11. Formulation of BioSea 14, an artificial seawater.

Ingredient Grade Grams/liter

NaCI Coarse hide salty 33. 0

NaHCO USP 0.2
3

KC1 USP 0.5

Anhydrous MgSO4 Reagent 3. 75

CaCl2 Reagent 1.0

Diluted with glass distilled water to 25

Leslie coarse hide salt, solar dried.

Forty-five 250 ml Pyrex beakers, each with 200 ml of water

and approximately 125 eyed larvae, were held at 25°C. Fifteen

beakers contained filtered seawater of 25 e/
0

salinity. Fifteen

beakers contained BioSea 14, and 15 beakers contained BioSea 15,

both at 25 0/0
0

salinity. Concentrations of 0, 0. 05, 0. 1, 0. 2, 0. 4

mg/i of copper in the form of CuSO4 5H20 were added to each type

of water, three beakers being assigned to each concentration. The

larvae were not fed and the spat were counted four days after the

introduction of the larvae. Results are presented in Table 12.

Copper concentrations above 0. 1 mg/i were toxic to the larvae.

Not only did the larvae not set above 0. 1 mg/i, all the larvae in

those beakers quickly died. Spatfall was inversely proportional to
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occurred at 0. 1 mg/i in filtered natural seawater.

Table 12. The effect on setting (numbers of spat) of Pacific oyster
larvae of five concentrations of copper added as
CuSO4. 5H20 in natural and artificial seawater
(Experiment l5).J

b/ Copper concentration (mg/i)
Water 0 0.05 0. 1 0.2 0.4 Total spat

Filtered seawater 2 2 14 0 0 18

BioSea 14 73 46 20 0 2 141

BioSea 15 60 40 7 0 0 107

Total spat 135 88 41 0 2

Counts are the total spat on 3 beakers of each treatment.

25 °/ salinity for all 3 types of water.

Experiment 16

Experiment 16 was identical to Experiment 15 except that

CuCl2 was used as a source of copper and about 90 larvae were

placed in each beaker. Results were similar to those of Experiment

14 with CuSO4 5H20, with the exception that significant set occurred

in both formulations of BioSea at 0. 1 and 0. 2 mg/i of copper. The

best set in filtered seawater again occurred at 0. 1 mg/i of copper

and the best set in BioSea 15 occurred at 0.05 mg/i. Data are

given in Table 13.
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Table 13. The effect on setting (numbers of spat) of Pacific oyster
larvae of five concentrations of copper added as
CuC1 in natural and artificial seawater2. at(Experiment 16).

b/Water 0
Copper

0. 05
concentration (mg/i)

0. 1 0. 2 0, 4 Total spat

Filtered seawater 2 2 9 0 2 15

BioSea 14 35 32 13 10 3 93

BioSea 15 18 37 16 12 5 88

Total spat 55 71 38 22 10 196

Counts are the total spat on 3 beakers of each treatment.

o25 / salinity for all three types of water.

Discussion

Korringa (1952) has criticized Prytherch's field observations

correlating good setting areas in several estuaries on the east coast

of the U. S. with naturally occuring copper. Korringa feels that

Prytherch's method of determining copper concentration on seawater

was inaccurate. I am aware of no laboratory experiments, other

than those of Prytherchts, which have considered the effect of copper

on setting of oysters. Prytherch identified a copper compound,

copper oxychioride, which formed as a colloidal precipitate when

copper was added to seawater. He felt that the larvae ingested the

colloidal particles and exhibited setting behavior when lowered pH
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in the larval digestive tract dissolved the precipitate, allowing the

copper to enter the larva's bloodstream.

In addition to Experiments 15 and 16 with CuSO4 5H20 and

CuC12, I attempted to initiate setting in the way most frequently

described by Prytherch, that of submerging a piece of metallic copper

in a watch glass of seawater containing eyed oyster larvae. On no

occasion did I observe setting attributable to the copper, even though

the larvae often emitted large quantities of mucus after coming in con-

tact with the precipitate that formed. Hence, I concluded that copper

has mainly a toxic effect on Pacific oyster larvae and does not

markedly stimulate setting. The slightly improved setting in filtered

seawater with 0.1 mg/i copper and in BioSea 15 containing 0.05

rng/ 1 suppests that small amounts of copper may aid setting under

selected circumstances, however.

Artificial Seawater

In Experiments 15 and 16, the larvae set much better in the

beakers containing artificial seawater than in those containing fil-

tered seawater. Ir Experiment 15 the ratio of spat set in filtered

seawater to BioSea 14 (with coarse hide salt) to BioSea 15 (with

reagent NaC1) was 1. 0:7. 8:5.9. In Experiment 16, this ratio was

1.0:6. 2:5.9. The two BioSea formulations appeared to have a

remarkable stirnulatory effect on setting. Two additional experiments



51

using BioSea 14 were undertaken in an attempt to confirm this

finding.

Experiment 17

Eight, 800 ml beakers, four nalgene plastic and four glass,

were used in Experiment 17. Four beakers contained 600 ml of

filtered seawater at 25 0/00, four contained 600 ml of BioSea 14, also

at 25 /. Each beaker contained approximately 1000 eyed Kumamoto

oyster larvae. All eight beakers were held at 30°C and received

100, 000 cells of algae once per day. Spat were counted on the

beakers after five days. There was a total of 316 spat on the beakers

containing BioSea 14, but only 79 spat on the beakers containing

filtered seawater. The ratio of spat set in filtered seawater to those

set in BioSea was 1:4.

Experiment 1 8

Thirty, 250 ml beakerswere used, each with about 360 larvae

held at 25° C. Ten of the beakers contained BioSea 14 at 25 0/
0

and

ten contained filtered seawater that had been diluted from 30 0/0
0

to

25 / with distilled water. The remaining 10 beakers contained

filtered seawater taken from Yaquina Bay on the outgoing tide. This

water was 25 0/0
0

when taken and was not diluted. Fifty mg/i of

Sulmet, an antibiotic used routinely in reducing bacterial numbers in
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hatchery cultures, was added to all the containers used in this

experiment. The spat were counted on the second and eighth days.

The ratio of spat set in diluted seawater to undiluted seawater to

BioSea 14 was 1.5:1. 0:7..8. The results are given in Table 14.

Table 14. Setting of Pacific oyster larvae in natural seawater and
in BioSea, an artificial seawater (Experiment 18).

Water
Spat (total spat in 5 beakers)

8 Dec. 14 Dec.

Filtered, diluted' 17 42

Filtered, not di1uted-' 8 28

BioSea 14 79 219

Yaquina Bay water at a salinity of 30 0/00 diluted to 25 0/0
0

with
distilled water.

Yaquina Bay water at a salinity of 25 /e undiluted.

Discussion

There are two possible explanations for the increased setting

in BioSea. 1) BioSea, by reason of its different composition from

seawater, imposed a stress on the oyster larvae, stimulating them

to undergo premature metamorphosis, 2) BioSea provided an

environment for the larvae which allowed them to reach metamor-

phosis more rapidly, perhaps by supplying more of an essential

chemical constituent involved in setting or containing less of

constituents in natural seawater which inhibit setting.
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Larvae seem to swim actively in BioSea shortly after being

placed in it. However, after a few larvae have set in the beakers,

usually within two days, the activity of larvae in BioSea is markedly

less than that in filtered seawater. Those larvae not setting in Bio

Sea become inactive or die while larvae in natural seawater keep

swimming actively for several days. Spat raised for over a week in

BioSea have, nevertheless, grown and survived well, both when kept

in BioSea and when transferred to seawater.

If a stimulus is involved, it is conceivable that when all larvae

receive the stimulus, at least among those mature enough to be

affected by it, they attempt to undergo metamorphosis. Those that

can, do; those that are unable to metamorphose, die. In the absence

of such a stimulus, the larvae in the control containers do not initiate

metamorphosis and hence continue to swim for several more days

until they can delay metamorphosis no longer and either set or die.

If a stress is involved, then one would expect the larvae in

BioSea to become inactive or die, while those in natural seawater

would not. This appears to be the case. Experience in the laboratory

and hatchery has shown that spat which have been attached long

enough to elaborate new shell are much more hardy than larvae of

any size. Larvae which had been induced to set by a stress would

be much less apt to succumb to the stress after they set than free-

swimming larvae. This could explain why spat survive and grow in
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BioSea, although free-swimming larvae seem to be adversely

affected by it.

The literature on the ability of various toxic substances to

alter the rate of metamorphosis of a variety of marine invertebrates

has been reviewed by Wilson (195Z). Lynch (1947) found that both

sodium and potassium caused a rapid decrease in swimming of

neritina larvae, but only sodium stimulated metamorphosis.

Lynch also noted (1949) that "In Bugula larvae. . . conditions most

favorable for the inception of metamorphosis are generally quite

toxic to the larvae and prevent subsequent growth." This seems to

be similar to what I observed among oyster larvae in the presence

of BioSea and small concentrations of copper.

Low concentrations of copper and mercury have been reported

to stimulate attachment of larvae of Tubularia larynx (Pyefinch and

Downing 1949), Grave (1941) and (1944) and Glasser and Onslow

(1949) have shown that minute quantities of copper stimulate meta-

morphosis of ascidian larvae. The results of other workers and

my results lend support to the theory that substances potentially

toxic to invertebrate larvae may stimulate metamorphosis.
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EXPERIMENTS ON GREGARIOUS RESPONSE

A number of researchers have observed a gregarious response

in oyster larvae during the setting phase. Walne (1966) and Bayne

(1969) found that an oyster tissue extract painted on slate cuitch

resulted in increased setting of European oyster larvae on the treated

slates, Cole and Knight-Jones (1949) also working with the European

oyster noted that shells having previous oyster spat attracted more

new spat than shells not previously set.

A substance located mainly in the integument of adult arthropods

stimulates setting in larval cyprids, according to Crisp and Meadows

(196Z) and appears to be species specific, although extracts of other

species of cyprids caused a less marked gregarious tesponse.

Later, Crisp (1967) found that shells of the American oyster

become less favorable for setting of larvae of that species when the

periostracum was removed by means of sodium hypochlorite. He

also found that extracts made by soaking the bodies of shucked

oysters in seawater were effective in promoting setting on shells

soaked in the extract.

Data from the University of Delaware Shellfish Laboratory

(Keck, etal. 1971) indicate that a setting agent exists in commercial

oyster glycogen. American oyster larvae set more heavily on pieces

of slate soaked in an oyster glycogen solution than on slates soaked
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in seawater. Additional research is being done in Delaware to

determine the nature of the stimulant.

Laboratory experiments with the American oyster have shown

that oyster shell containing 24-hr. old spat attracted "significantly

more set than nonspatted cultch in the same container" (Hidu, 1969).

Hidu also found that larvae were stimulated to set bythe presence of

two-month-old spat inside larvae-proof mesh bags, thus indicating

the emission of a water-borne pheromone by the spat.

Exploitation of the gregarious response of eyed oyster larvae

during setting appears to be the most promising method of enhancing

setting in the oyster hatchery, once optimum temperatures, salinities,

and feeding rates are determined. The ultimate goal of an investiga-

ti.on of the gregarious response would be the isolation of the substance

or substances which promote setting in order that they could be

introduced into the setting tanks of a hatchery, resulting in a more

rapid and a more dense set on the cultch.

I performed a series of experiments to confirm the gregarious

response in the Pacific oyster and to attempt to elucidate further

the nature of the substance(s) which stimulate setting.

Oyster Tissue Extract

One experiment was conducted to observe the reaction of
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Pacific oyster larvae to cuitch material coated with oyster tissue

extract.

Experiment 19

An oyster tissue extract was prepared by liquifying the shell

contents of an adult Pacific oyster in a blender with one liter of

filtered, boiled seawater. The extract was allowed to stand in a one-

liter graduated cylinder for 24 hours at 4°C. The supernatant was

then poured off. A 10% solution (by volume) of this supernatant was

made in filtered, sterile seawater. Ten pieces of fiberglass sheeting

measuring 10cm X 10cm X 1mm thick were soaked 24 hours in this

solution and allowed to dry 24 hours at room temperature. These

ten pieces were alternated on a glass rod through their centerswith

10 similar pieces that had been soaked 24 hours in seawater. The

pieces were separated by 8mm glass spacers. The glass rod with

its 20 pieces of cuitch was suspended in 10 litersof filtered seawater

contained in a polyethylene wastebasket., Twenty more pieces of

fiberglass strung in a similar fashion were placed in another waste-

basket, the only difference being that none of the pieces of cultch had

been soaked in tissue extract in the second container.

Pacific oyster larvae were placed in each container and both

containers were kept at 25° C under continuous lighting and with

gentle agitation by air bubbles. Spat were counted on the second and
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ninth days after introduction of about 5, 000 larvae. The data are

presented in Table 15. Figures are average number of spat per

piece of cuitch. On both counting dates, the uncoated squares sharing

the bucket with coated squares received more spat at the 95% confi-

dence level than the uncoated squares in the bucket with no coated

squares. The coated squares, however, received more spat than the

uncoated squares in the same bucket.

Table 15. Setting of Pacific oyster larvae on fiberglass sheeting
squares as affected by soaking in an oyster tissue
extract (Experiment 19).

Mean number of spat per piece of cultch'
Bucket Treatment 10-9-70 10-17-70

I No extract 3. 5 ( 4. 56-2. 44) 7. 2 ( 9. 96- 4. 44)

II Not coated 9. 7 (14. 22-5. 18) 13.8 (18, 84- 8.76)

Extract coated 12.6 (16.69-8.51) 26.0 (36.84-15. 16)

at .Numbers n parenthese are 95% confidence limits about the
mean number of spat per piece of cuitch.

Oyster Glycogen

Five experiments were conducted in an attempt to confirm the

results of Keck, et al. (1971) working with the response of American

oyster larvae to oyster glycogen. The glycogen solution for each

experiment was made by dissolving five grams of powdered oyster

glycogen in 1000 ml of distilled water. Where cornstarch was used,
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the same concentration was made up in 1000 ml of water.

Experiment 20

Experiment 20 consisted of 30, 10-mi test tubes. Ten of the

tubes were filled with a 5 g/l oyster glycogen solutioi, allowed to

stand 15 minutes, and then thoroughly drained and air dried 24 hours

at 20° C. Ten other tubes were treated similarly with a 5 g/l corn-

starch solution. The remaining 10 tubes were treated the same way

but with distilled water. All the tubes were then filled with 8 ml of

filtered seawater at 25 0/0 and approximately 200 Pacific oyster

larvae and were held in a test tuberack at 20°C for five days. At

the end of that time the tubes were rinsed out vigorously with the

stream from a wash bottle and the spat counted. Larvae whichwere

not dislodged by the stream from the wash bottle were counted as

spat. The spat counts are shown in Table 16. At the 95% confidence

level, cornstarch and distilled water showed no difference, but both

were inferior to oyster glycogen.



Table 16. Setting of Pacific oyster larvae in 10 ml Pyrex test
tubes after filming of the tubes by oyster. glycogen,
cornstarch, and distilled water (Experiment 20).

Oyster Glycogen Cornstarch Distilled Water

6 0 1

5 1 1

1 0 1

4 3 1

3Numbers of 0 1

8 0 2spat

3 1 0

2 1 0

3 0 1

7 1 0

Total number 42 7 8

Mean
number/tube 4.2 0.7 0.8

95% conf.
interval 5. 62-2. 78 1. 30-0. 10 1 20-0. 40

Experiment 21

Experiment 21 was similar to Experiment 20 in that the

glycogen and starch solutions were prepared in the same manner.

Ten ml test tubes were used, physical conditions were the same,
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and the data were taken the same way, except that the water used to

make the cornstarch solution was at 900 C instead of at room tempera-

ture. Also a third treatment was added. Walne (1966) and Cole and

Knight-Jones (1949) have reported that larvae tend to set more

readily on cuitch material that has been placed in seawater for

several days than on clean, new cuitch. The explanation put forward

is that possibly the larvae prefer a substrate which has collected a

thin film of microorganisms. Possibly the increased setting on test

tubes coated with glycogen and cornstarch was a result of this

apparent preference also.

To stimulate fouling of the test tubes, 10 test tubes were filled

with Isochrysis suspensions of 1. 5 x 106 cells per ml from the

hatchery algal culture tanks and allowed to stand 12 hours under

bright lights. Ten tubes each were filled with distilled water, the

glycogen solution, and the cornstarch solution. These 30 tubes were

allowed to stand one hour. All 40 tubes were drained and air dried

24 hours prior to the introduction of the larvae. About 310 eyed

larvae were put in each tube with 8 ml of filtered seawater. The

tubes were held for four days at which time the spat on the tubes

were counted. Results are shown in Table 17. At the 95% confidence

level, more larvae set on tubes coated with glycogen and starch than

on control tubes or tubes coated with algae. Tubes coated with algae

were superior to control tubes. There was no significant difference
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between cornstarch and glycogen. The ratio of mean number of

spat/tube of distilled water to algae to cornstarch to glycogen is

1.0:5. 5:9. 1:11.9.

Table 17. Setting of Pacific oyster larvae in 10 ml Pyrex test
tubes after filming of the tubes by algae, cornstarch,
distilled water, and oyster glycogen (Experiment 21).

Distilled Water Oyster Glycogen Cornstarch Algae

7 71 43 12

0 12 28 3

2 19 46 29

10 99 22 26

6 6s 28 22
Numbers

1 59 23 44
of

2 57 33 23
Spat

1 19 29 3

2 11 35 16

5 18 41 21

Mean num-
ber per
tube 3.6 43.0 32.8 19.9

95% conf.
limits 5.65-1.55 62.57-23.43 38.06-27.54 27. 69-12. 11

The next three experiments, Experiments 22 through 23, con-

sisted of repeated tests of the effect of glycogen, cornstarch, and



63

algae on setting. However, in these three experiments, the treated

cuitch material was all in the same container; whereas, in the

previous two test tube experiments the larvae were presented with

only one substrate treatment in a given container.

Experiment 22

Experiment 22 consisted of a 10 1 glass jar filled with filtered

seawater and containing approximately 50, 000 eyed Pacific oyster

larvae. Suspended inthe vessel were 30 pieces of polyethylene

sheeting measuring 40mm X 40mm X 2mm thick, strung on a glass

rod and separated by 8mm glass spacers. Half of the polyethylene

pieces had been soaked five minutes in a 5 g/l oyster gylcogen solu-

tion. The other half, the controls, were soaked in distilled water

for five minutes. Both the treated and the control pieces were then

air dried for 24 hours prior to the experiment. Treated and control

pieces were alternated on the glass rod. The experiment ran for 48

hours, at which time the spat on both sides of all the polyethylene

pieces were counted. An average of 26. 8 larvae set on the control

pieces whereas an average of 36. 5 set on the glycogen-coated pieces,

a ratio of 1.0:1.4. However, inspection of 95% confidence limits

about each mean suggested that the difference was not statistically

significant.
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Experiment 24

Experiment 24 consisted of 100 weathered and scrubbed right

valves of Kumamoto oyster shells selected for approximate uniform-

ity of size, suspended in a 10 liter plastic container filled with

filtered seawater. The shells were divided into five groups, and

each group was assigned one of five treatments at random. The

treatments were: 1) one-hour soaking in 5 g/l cornstarch solution

at 900 C, 2) one-hour soaking in 5 g/l oyster glycogen solution,

3) one-hour soaking in filtered seawater, 4) one-hour soaking in

Isochrysis suspension at 1. 5 x io6 cells/ml, and 5) twenty-second

dip in 1. 0 N HC1 Lollowèd by thorough rinsing in filtered seawater.

All 100 shells were air dried for 24 hours at 20° C after treatment

and then strung, inside surface up, on monofilament nylon line

separated by 8mm glass spacers. The order of stringing was 1, 2,

3, 4, 5, 1, 2, 3, 4, 5, etc. Ten thousand eyed Pacific oyster larvae

were put in the container and allowed to remain for 24 hours. Spat

counts after 24 hours are given in Table 18, Counts are the number

of spat on the inside surface of the shells only.

Comparison of the 95% confidence limits about the mean spat

per shell for each treatment indicates that only the acid-soaked shells

were superior to the controls.
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Table 18. Setting of Pacific oyster larvae on strung oyster shell
after treatment with algae, cornstarch, oyster glycogen
and hydrochloric acid(Experiment 24).

Control Algae Acid Glycogen Cornstarch

Total 323 495 933 505 464
a!spat

Mean 16.15
spat! shell

95% 21.12-11.18
conf.
limits

24. 75 46. 65 25. 25 23.20

39.52-9.98 69.00-24.30 35.58-14.92 32.49-13.91

Total spat setting on the inside (smooth) surface of 20 shells of
each treatment.

Exhalant Water

If an extract of oyster tissue, the periostracum of adult oyster

shell, and the presence of spat in a larva-proof bag could stimulate

setting it seemed very likely that water which had been pumped by

an adult oyster might stimulate setting as well. Two experiments

were conducted to test this possibility. For each experiment concern-

ing exhalant water, large adult bivalves were placed in 10 liters of

constantly aerated filtered seawater at 20° C and left overnight.

Enough water for the particular experiment was collected after pass-

ing through filter paper to remove debris. All other water for these

experiments was also aerated and poured through filter paper before

use.



Experiment 25

Twenty-four, 2-1 beakers were used in Experiment 25. Six

beakers contained filtered seawater pumped by three adult Pacific

oysters. Six beakers contained water pumped by three adult European

oysters. Six beakers contained water pumped by six adult bay mus-

sels. The final six beakers contained filtered seawater. The water

for all 24 beakers was prepared as described above. About 174

larvae were placed in each beaker and the beakers were held for 14

days at 24° C. Water was changed once during the experiment and

the larvae were fed once per day at 50, 000 algal cells/mi. Spat

were counted on the 8th and 14th days. Results are tabulated in

Table 19.

No larvae set in any of the control beakers, although at the end

of the test the larvae were still swimming normally. There was

greater set in the beakers containing water pumped by European

oysters than in those having water pumped by Pacific oysters or bay

mussels. There was no difference at the 95% level in the effective-

ness of water pumped by Paci.fics or by mussels at promoting setting;

however, in all the experiments with pumped water, no attempt was

made to quantify the rate of pumping of the bivalves and therefore

the amount of contact of the water with the different bivalves cannot

be assessed.



Table 19. Setting of Pacific oyster larvae in water pumped by adult bivalves (Experiment 25),

Control Pacific Oyster European Oyster Bay Mussel
1-13-70 1-19-70 1-13-70 1-19-70 1-13-70 1-19-70 1-13-70 1-19-70

0 0 18 22 96 106 33 52

0 0 15 52 44 61 31 65

0 0 36 47 62 106 17 56

0 0 67 97 41 84 14 59
riD

0 0 24 79 54 78 11 20

0 0 24 38 39 71 16 39

Mean spat per beaker
0 0 30. 7 55. 8 56. 0 84. 3 20. 3 48. 5

95% confidence limits on the mean
- - 46.3-15.0 78.3-33.4 73.5-38.5 99. 469. 3 27.9-12.7 61.9-35. 1

Each count is the number of spat on a beaker on a particular date.

-J
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Experiment 26

A second experiment was designed to test again the effect of

exhalant water on setting larvae. For Experiment 26, only adult

Pacific oysters were used to pump the water. The larvae were of

the Kumamoto variety of Pacific oyster. Fifteen 200m1 Pyrex

beakers contained filtered seawater that had been pumped as

described above, Fifteen beakers contained water from the same

hatchery storage tank that had not been pumped. All water was kept

at 25°C and 25 °/. There were about 360 larvae per beaker, and

they were fed 50, 000 cells of Isochrysis per ml once a day. Spat were

counted twice, on the 2nd and 8th days. On the 2nd day there were

26 spat in the 15 control beakers, 78 in the exhalant water beakers,

a ratio of 1:3. On the 8th day the spat counts were 79 and 210, a

ratio of 1:2. 66.

The work of Hidu (1969) and my Experiments 25 and 26 indicate

that a waterborne pheromone may stimulate setting. However, both

the two-month-old spat used by Hidu and especially the adults I used

pump considerable water. In doing this they no doubt change the

ionic composition of the water in the culture vessel. It is not incon-

ceivable that if larvae can be stimulated to set by stressful conditions

as discussed in the section on BioSea, that the changes brought about

in the water by its use by older oysters may have brought about
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from a pheromone. In an attempt to determine the nature of the

factor in pumped water stimulating setting, two experiments were

conducted, Experiments 27 and 28.

Experiment 27

A glass adsorption column was constructed and filled with one

pound of a polystyrene adsorbant, Amberlite XAD-2, known to

remove nonpolar molecules from solution. Ten liters of water

pumped by six adult Pacific oysters was prepared as described above.

Two liters of this water was filtered through a 0. 45 millipore filter

and allowed to move slowly through the column. Then the column was

washed successively with three liters of distilled water to remove all

water-soluble materials, one liter of 20% ethanol, one liter of 40%

ethanol, one liter of 60% ethanol. Each effluent was saved. The

alcohol and water were removed from the alcohol effluents by evapora-

tion under vacuum. All effluent residues were then resuspended in

5Oml H20 and frozen. Several days later the experiment was begun.

Twenty-eight 10 ml test tubes were used. There were about 129

larvae per tube and the tubeswere held at 25° C. The solutions

tested were:

1) Filtered seawater

2) Filtered seawater pumped by the oysters
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3) Filtered seawater pumped by the oysters and millipore
filtered

4) The column effluent from #3

5) The 20% ethanol fraction

6) The 40% ethanol fraction

7) The 60% ethanol fraction

Four test tubes each were filled with 2), 3), and 4). The

remaining tubes were filled with filtered seawater. Four of the

remaining tubes were designated as controls. One ml of each alcohol

fraction solution was added to four each of the remaining 12 tubes.

After 24 and 72 hours, the tubes were scrutinized for spat. The

results are given in Table 20.

Table 20. Setting of Pacific oyster larvae when subjected to
adsorption column effluentp of water pumped by adult
oysters (Experiment 27).

Time frombeginning of experiment
Treatment 24 hours 72 hours

1 0 spat 5 spat

2 0 spat 14 spat

3 0 spat 18 spat

4 1 spat 1 spat

5 0 spat 0 spat

6 10 spat 10 spat

7 52 spat 52 spat

Total spat setting on 4 10 ml test tubes.
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A.fter 24 hours, 52 spat were counted in the tubes treated with

one ml of the 60% fraction. Only 11 spat were noticed in all the other

treatments combined. In three days all the tubes except those given

treatment 5) contained spat; however, the tubes treated with the 60%

fraction had almost four times the number spat of the second highest

treatment, treatment 3. The tubes were observed under the micro-

scope on both counting days. At 24 hours, all larvae in treatments

4-7 were dead. A.t 72 hours most of the larvae in treatments 2 and 3

were inactive or dead and the spat in treatments 2 through 7 had

almost all failed to elaborate new shell and appeared dead and there-

fore were not considered to be metamorphosed. The larvae in the

control tubes were active and all the spat in these tubes had grown

new shelL. Later Amberli.te and the oyster water effluent from the

column were bioassayed on setting-sized larvae. Neither proved

toxic to the larvae at this time.

Experiment 28

Experiment 28 tested again the 60% ethanol fraction obtained

in Experiment 27. Sixteen watch glasses were used. Ten ml of

filtered seawater and approximately 200 larvae were placed in each

watch glass. One ml of the 60% fraction was placed in nine of the

glasses. The remaining seven glasses served as controls. Forty-

eight hours later the spat were counted. One hundred and fifty-two



spat had set in the treated watch glasses; 36 in the controls. In this

experiment, new shell was formed by many of the spat in both the

control and the treated watch glasses.

The failure of larvae to metamorphose successfully after

settlement in the ethanol fractions in Experiment 27 is probably due

to residual alcohol in the solutions. The solutions were held several

days at 4° C between Experiments 27 and 28. Possibly the evapora-

tion of the residual alcohol from the solutions during this time

accoirnted for the successful metamorphosis of the larvae exposed to

the 60% fraction in Experiment 28.

Disc us siOfl

Increased setting asa result of oyster tissue extract, oyster

glycogen, cornstarch, and algae in the preceding experiments could

have been the result of two things: 1) Coating of the substrate, mak-

ing it more suitable for setting or 2) leaching into solution of a sub-

stance from the coated cultch which stimulated setting. In either

case, a true gregarious response where an animal is attracted to an

area having other members of the same or similar species may or

may not have been present. A substance stimulating setting, whether

present on a surface or in solution need not be a substance connected

with other oysters. For example, the thin film of microorganisms

said to enhance setting on cultch materials by Cole and Knight-Jones
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(1949) and Walne (1966) is not a product of oysters nor are any of the

components of BioSea, The importance of films of microorganisms

on substrates to the successful setting of invertebrate larvae is well

documented (Wilson, 1952; Crisp, 1965; Crisp and Ryland, 1960).

Lynch (1947, 1949), Grave (1941, 1944), Glasser and Onslow (1949)

document the enhancement of setting of most invertebrates by

inorganic substances,

The results of Experiments 20 and 21 indicate that the presence

of oyster glycogen and, in the case of Experiment 21, cornstarch

and algae in culture vessels stimulates setting. The results of

Experiments 19, 22, and 23 indicate that larvae can select a sub-

strate coated with oyster glycogen or a tissue extract under certain

conditions when the substrate is closely adjacent to uncoated sub-

strates. This preference, while large, was not statistically signi-

ficant in Experiment 22 and was reversed for the beaker held at

30° C in Experiment 23. I have no explanation for the reversal at

30° C in Experiment 23, unless at higher temperatures setting

processes function more rapidly thereby causing the larvae to be

less discriminating.

However, in Experiment 24, although the larvae showed a

great preference for oyster shells treated with acid, no preference

was shown for glycogen, cornstarch, or algae coated shells over

control shells, This would indicate, in conjunction with Experiments
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20 and 21, that the effect of glycogen and cornstarch and algae is due

to a substance leaching into the water from the coated substrate.

Had it been due to improvement of the shell surfaces by the treat-

ment, larvae would have selected treated shells in preference to

control shells in Experiment 24. This makes it necessary to explain

the superiority of glycogen and tissue extract-coated substrates in

Experiments 19, 22, and 23. I feel that there is a dual effect of

glycogen, tissue extract, and cornstarch. In Experiments 19, 22,

and 23 artificial substrates were used. In Experiment 24, oyster

shell was used. Oyster shell is a much better substrate for setting

oysters than is polyethylene plastic or fiberglass sheeting. The

coating of the artificial substrates with glycogen and cornstarch may

have physically improved their desirability for setting, quite apart

from any response to water-borne substances resulting from the

coating, Walne (1966), using plastic spat collectors, obtained better

setting on collectors which had been soaked some time in seawater

than on new ones. This was probably due to fouling of the surface,

making it more attractive. In the case of Experiment 24, oyster

shell is already an excellent substrate and coating it with glycogen

and cornstarch might not enhance it further. Also, if glycogen,

cornstarch, and algae in solution stimulate setting, little or no

preference would be expected for any substrate in the same container.

This is what occurred in Experiment 24 among algae, cornstarch,
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and glycogen coated shells and control shells. The distinct prefer-.

ence for the shells treated with acid in Experiment 24 may be due to

the erosion of the shell surface by the acid and the subsequent expo-

sure of the proteinaceous matrix of the shell, This may have either

resulted in a more attractive surface texture similar to that provided

by fouling or may have stimulated a gregarious response.

Crisp (1967), working with the American oyster, noted few

spat setting on oyster shell from which the proteinaceous

periostracum had been removed with hypochlorite, whereas, larvae

set readily where the periostracum was left intact. Crisp attributes

this to the ability of the larvae to distinquish the conchiolin matrix of

the shell and periostracum from the inorganic calcareous material

and to receive a gregarious stimulus from it. This would indicate

that the increased set on acid-soaked shell in Experiment 24 may be

a gregarious response to the protein exposed at the shell surface by

the acid.

Crisp also noted, in work with an oyster tissue extract, that

shells having had the protein layers destroyed by hypochlorite but

not coated with extract were settled on when placed in the same

container with extract-coated shells, whereas, in the absence of

extract-coated shells but in the presence of shells with the protein

layers intact, they were very rarely settled upon. This could mdi-

cate either that oyster extract leached from coated shells caused a
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gregarious response in solution or that a "sensitizing stimulus" had

occurred such as demonstrated by Knight-Jones (1953). Knight-Jones

noted that after barnacle cyprids contacted the base of an adult

barnacle, they would settle more readily on nearby surfaces not hay-

ing adult bases. Such a sensitizing stimulus or the effectiveness of

extract in solution could explain the attachment of larvae to hypo-

chlorite treated shells adjacent to extract coated shells in Crisp's

experiments and might also explain why in Experiment 22, where

glycogen coated polyethylene squares were alternated 8mm apart

with uncoated squares, no significant difference in setting was noted.

Quite possibly the reason larvae selected glycgen soaked squares in

Experiment 23 and not in Experiment 2 is that the treated and

untreated squares in Experiment 22 were only 8 cm apart while in

Experiment 23 the treated and untreated squares were on separate

strings and were about 40mm apart. Thus a larvae would have had

to travel further in Experiment 23 to reach a nontreated substrate

after receiving a sensitizing stimulus than in Experiment 22. Here

again, the sensitizing stimulus in the case of the glycogen or the

shell proteins of the adult oyster shell may or may not elicit a

gregarious response. In testing tissue extracts of widely different

animal groups, Crisp and Meadows (1962) found the response of

cirripeds to tissue extracts to be species specific;however, they

found that setting was nearly always better on treated panels than on
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untreated ones. Perhaps the coating provided by the extracts while

not stimulating setting gregariously none-the-less were more attrac-

tive substrates to setting larvae by reason of the coating. The

increased setting on test tubes coated with cornstarch may also have

been due to this.

Eyed larvae swim about with foot extended and bump into sur-

faces in their path (Prytherch, 1934). Perhaps each contact with a

desirable surface of one sort or another Ttconditions" the larvae for

the consumatory act of setting, whether or not a gregarious stimulus

is encountered and whether or not the larvae finally sets on an

especially good surface. Personal observation has indicated that

larvae set heavily in cracks and among densely packed pieces of

cultch material. This could result from an avoidance reaction to

light or simply in the increased contact of larvae in such areas with

substrates.

Although a gregarious response in setting oyster larvae appears

to have been demonstrated, I feel it is impossible to determine con-

clusively from my data whether a gregarious response occurred in

any of the aforementioned experiments with oyster glycogen and

tissue extract. I feel that the increased setting noted in the presence

of tissue extract and glycogen may have been due to three factors:

1) An improvement in the surface texture of synthetic cu.ltch material,

2) a gregarious response of the larvae to the coated surface, and
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3) a general gregaHous response to the substance in solution leach-

ing from the coated surface. The relative importance of these three

factors is difficult to determine. Probably the increased set on acid

treated shell is a gregarious response, although the surface texture

may simply have been improved by the treatment. The attractiveness

of cornstarch and algae coated synthetic substrates is most likely

due simply to an improvement of the surface texture.

The results of Experiments 27 and 28 indicate that a nonpolar

substance soluble in 60% ETOFI is present in exhalant water from

adult oysters which is capable of stimulating setting. Further experi-

ments are being conducted to isolate this substance.
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APPLICATION TO HATCHERY OPERATIONS

My experiments and those reported in the literature on oyster

and other invertebrate larvae indicate that setting rate and density

in a population of Pacific oyster larvae may be increased by diet,

certain ions in solutions, temperature, possibly a gregarious

stimulus, and physical characteristics of the substrate. In my

opinion, a gregarious stimulus probably exists but this is not con-

clusively shown by my work.

My work was designed as a survey of factors influencing

setting in hope of discovering methods of increasing the efficiency of

hatchery setting procedures. Several factors merit further experi-

mentation. The effect of yeast on setting seems extremely promis-

ing, as do the clarification of the effect of BioSea and substance(s)

apparently present in water pumped by adult bivalves.

Any further experimentation with setting should take into

account the subsequent growth and survival of the spat under estuarine

conditions. This was not done in my work.

It must be borne in mind when assessing the value of labora-

tory experiments with setting, that while additional larvae can be

caused to attach to substrates by various treatments, those additional

larvae may be ones which are less vigorous and less tolerant of

environment stresses and may fare poorly in the estuary.



Conversely, success or selectivity at setting may be entirely

unrelated to subsequent growth and survival to market size. Hope-

fully selective breeding experiments at OSU will shed light on the

true relationship between larval performance and survival and produc-

tion of adult oysters in the estuary.

Certain recommendations concerning hatchery operations can

be made on the basis of my experiments.

The most important factor in obtaining good setting is adequate

nutrition of the larvae prior to metamorphosis. Algal concentrations

in the rearing tanks of 20, 000 to 30, 000 algal cells per ml are

satisfactory for the first two weeks of larval life, but food concen-

trations should not be allowed to fall below 50, 000 algal cells per ml

during the last week prior to setting. The most fruitful research on

mass larval rearing might well consist of nutritional studies, as the

results with yeast suggest that the commonly used species of algae

may not be the best foods available for larval growth and

metamorphosis.

Larvae grow very well at a temperature of 25°C the standard

rearing temperature at the OSU pilot hatchery but the percentage of

larvae setting may be doubled by a five degree increase just prior to

setting.

Darkness and lack of agitation daring setting are desirable in

order to reduce the variation in spatfall on individual pieces of
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cuitch caused by water currents and lighting.

As artificial cuitch materials are developed to replace the

bulky and difficult to clean oyster shell cuitch, it may be necessary

to employ setting agents stimulating a gregarious response or

rendering mediocre substrates more desirable in order to prevent

extended delay of metamorphosis.
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