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Under laboratory conditions, elevated temperatures

accelerated production of gametes. However, when

conditioning for spawning at elevated temperatures was

initiated early in the season (January-March), larval

survival and number of spat collected were significantly

lower than when conditioning was initiated in may or

June.

At elevated temperatures, broodstock oysters were

fed on algal or lipid supplements consisting of menhaden

oil, egg phosphatidylcholine and partially hydrogenated

vegetable oil (Kaomel, Durkee) in the ratio (by weight)

5:2:3. Oysters fed on supplemental algae or lipid

mixtures during conditioning resulted in larger numbers



of eggs than non-fed broodstock oysters. After

conditioning from March to early April, the proportion

of spat was higher in progeny derived from algal- or
lipid-supplemented broodstock compared to that from non-

fed oysters. The same conditioning treatments initiated

in May resulted in no change in the percent of spat

collected.

Supplemental feeding had no effect on the fatty

acid composition of broodstock oysters, but it affected

the fatty acid profile of eggs. The w3 fatty acid

content was significantly higher in the eggs from algal-
supplemented oysters than in eggs from lipid-

supplemented or non-fed broodstock oysters. Enrichment

of the w3 fatty acid composition of the eggs from algal-
supplemented oysters probably increased the success rate

in egg development and metamorphosis.

The effects of supplemental feeding on broodstock

were similar for oysters conditioned for spawning in

either flow-through or recirculating systems.

The optimum temperature for larval rearing varied

from 24 to 28C and optimum salinity ranged from 20 to

3096.
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The Effects of Dietary Algal and Lipid Supplements on

the Gonadal and Larval Development of Crassostrea gigas

kumamoto (Thunberg)

INTRODUCTION

Commercially important species of bivalve molluscs

have been harvested and cultivated for hundreds of

years. Oyster growers harvested spat from the natural

spawning areas and transported them to their commercial

oyster grounds to let them grow to harvestable size.

Following the reduction in production from natural

oyster grounds in 19th century England, researchers

began to study the biology of oysters. Basic anatomy of

food gathering and processing structures of oysters were

described (Yonge, 1926). Analysis of stomach contents

gave information about feeding (Field, 1909; Savage,

1925). Potential food material was collected from the

water by plankton nets. Sharp (1973) pointed out that

there was also particulate organic matter present in sea

water in small quantities. Parson (1963) and Sharp

(1973) concluded that about 90 percent of total organic

material in sea water is dissolved organic material.

As details of oyster biology were understood,

artificial spawning and larval rearing of oysters

started during the 1920's on the East coast of the
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United States and during the 1970's on the West coast.

In recent years oyster growers have relied on oyster

hatchery production for newly metamorphosed oyster

larvae, called spat, especially in the areas where water

temperature is too low for natural spawning. On the

East coast of the United States large scale commercial

hatcheries produce Crassostrea virginica (Gmelin), where

as on the West coast Crassostrea gigas (Thunberg) and

variation C. gigas kumamoto are produced.

An important part of the hatchery operation

consists of food production for larvae. Selected

species of algae are grown as unialgal cultures.

Numerous studies have been conducted to determine

feeding rates for oyster larvae and spat. Gerdes (1983)

concluded that out of both larvae and adult oysters, C.

aigas regulated the amount of food digested by adapting

feeding activities to different concentrations of food.
Food uptake was greater when feeding mixed algal

cultures, than when feeding monocultures. Heavy

concentrations reduced the filtering rate and pumping

and feeding ceased entirely in very heavy concentrations

(Loosanoff and Engle, 1974; Haven and Morales-Alamo,

1970). Additionally, the size of algae-cells was

important. A larger number of small cells and fewer

large cells can be utilized by oysters. Studies on
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selection of particles ingested by C. virginica carried

out by Bernard (1974), Winter (1973), and Foster-Smith

(1975) revealed that no selection of particles occurred.

Investigations on Mytilus edulis and Mytilus

californianus have shown that filtration rate increases

with the increase of body size (Winter, 1973, 1978;

Thompson and Bayne, 1972; Jorgensen, 1949). Filtration

rate is also effected by temperature. Schulte (1975),

Walne (1972), and Bernard (1974) showed that for C.

gigas, filtration rate increased up to 20C and then

decreased. Temperature effects on filtration rate are

important to aquaculturists wanting to optimize the

environment for a species. Nutrition is also important.

Studies comparing nutritional values of various species

of algae as well as their effect on the growth of

bivalves, have yielded valuable information about

nutritional requirements of oysters (Epifanio, 1979;

Chu, 1980; Romberger and Epifanio, 1981; Epifanio et

al., 1981; Whyte, 1987).

Various non-living and artificial diets have been

tried as oyster food. Controlled food sources allow

scientists to manipulate diet composition in greater

detail. Gillespie et al. (1966), Turgeon and Haven

(1978), and Castell and Trider (1974) indicated that



4

high levels of dietary carbohydrates resulted in greater
glycogen production in oysters. Trider and Castell

(1980) demonstrated that oysters had essential fatty

acid requirements for linolenic and linoleic fatty
acids, and excessively high dietary sterols (1% dry

weight of diet) inhibited growth.

Little is known of the fatty acid metabolism and

requirements of marine bivalves. Kanazawa et al. (1979)

injected 14C-labelled linolenic acid into fresh water
and marine animals, and found a large incorporation of

the label in 20:5w3 and 22:6w3 acid of the fresh water

species, but insignificant amounts were detected in the

marine species. However, 20:5w3 and 22:6w3 were

reported as essential fatty acids for the normal growth

and development of several marine fish species (Yone and

Fujii, 1975; Cowey et al., 1976b) and penaeid prawns

(Colvin, 1976; Guary et al., 1976). Langdon and Waldock

(1981) demonstrated that deficiency of 22:6w3 was a

growth factor in bivalve molluscs and either 20:5w3 or

22:6w3 appeared to fulfill the requirements of C. gigas

for higher w3 polyunsaturated fatty acids. A mixture of

both supported better growth than individual w3

polyunsaturated fatty acid. Naturally occurring

phytoplankton species contain high levels of

polyunsaturated fatty acids (Morris and Culkin, 1976).
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In laboratories and hatcheries, oysters are grown on

diets of only one or two species of algae, and in these
situations inability to produce long-chain fatty acids
of w3 may limit their growth.

Maintaining the oysters in the best possible
condition during the maturation of the gonad is an

important factor for obtaining gametes that form healthy

larvae. A common practice in oyster hatcheries is to

bring spawning stock into the hatchery several weeks

before larval rearing. Warm sea water speeds the

oysters' gonadal development (Loosanoff, 1942; Walne,

1970). Time required to develop mature ova in this

manner depends on the gonadal stage of oysters at the

beginning of the treatment. In each location the time

needed can be predicted by the results of the previous

conditioning trials (Lannan et al., 1980; Muranaka and

Lannan, 1984). Some hatcheries prefer to feed the

oysters with unicellular algal supplements during

conditioning. It has been shown by Muranaka that

feeding during conditioning increases the fecundity of

oysters. Walne (1966) observed that Ostrea edulis kept

in 20C sea water for 6 to 9 weeks and fed algae

continuously showed 50% decreases in meat dry weight and

glycogen content. He also observed that the number of

larvae produced was influenced by the condition of the
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parent.

Price and Maurer (1971) found that with C.

virginica it was important to extend the conditioning

time at lower temperatures. High temperatures led to

deterioration of oysters and unsuccessful spawning

efforts.

Most of the ova production appears to depend on the

energy reserves present in the oysters in the beginning

of conditioning at elevated temperatures. Storage

glycogen is used to form gametes, especially ova

(Gabbott, 1975). If the artificial conditioning is
started before sufficient glycogen levels have been

reached, the result can be production of fewer eggs or

eggs of poor quality. Helm et al. (1973) reported that

viability and survival of cultured larvae of Q. edulis
was directly related to lipid content of larvae at the
time of release. It was also noted that both lipid
content of released larvae and survival declined during

extended conditioning periods. Gallager and Mann (1986)

found that there was a minimum, size-related, threshold

lipid level necessary in the eggs for optimal survival
through non-feeding embryonic stages. Allen and Conley

(1982) followed the transport of lipids in C. gigas from
digestive tract through hemolymph into tissues. It
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appeared that connective tissue of mantel and gonad

tissue were the major lipid storage depots. Vassalo

(1973) documented the movement of ingested labelled

lipid from the digestive tract to gonadal tissue in a
bivalve, Chlamys hericia. Poller et al. (1979) reported

that gonad and other soft tissues of C. tehuelcha were

mainly constituted by neutral lipids in a proportion
higher than 84 percent, sterol esters and hydrocarbons

predominated in gonads, and maximal lipid content in

gonadal tissue was correlated with spawning season.

Hatcheries and laboratories are often limited by

the quantities of algae that can be produced. Feeding

the adult oysters during conditioning requires massive
amounts of algae to supply adequate nutrition.

Artificial food supplements could potentially offer a
means of maximizing the nutrition during conditioning of

oysters for spawning. Lipid metabolism seems to be an

important part in gonadal development and it is

hypothesized that additional lipids in the diet during
conditioning are helpful in producing eggs of good

quality that result in straight-hinged larvae.

The nutritional stage of the parent oyster plays an

important role in the development of good quality ova.

Lipids play a major role during gametogenesis and the
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amount of lipid in the ova appears to be essential for

further development. This investigation focused on the

effects of algal and lipid supplements in the diet of
the oyster during conditioning at elevated temperatures.

The primary objectives of this investigation were:

1) to estimate the natural reproductive season for

Kumamoto oysters in Yaquina Bay, Oregon, and optimum

conditions for larval rearing; 2) to develop

microcapsules rich in lipids that oysters can digest; 3)

to evaluate the effects of dietary algal and lipid

supplements on the gonadal development during

conditioning for spawning at elevated temperature; 4) to

evaluate the effects of dietary algal and lipid

supplements on the quality of eggs and production of

straight-hinged larvae and spat; and 5) to compare the

performance of oysters in a flow-through and a

recirculating conditioning system.
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ABSTRACT

The reproductive cycle of Kumamoto oysters

collected from commercial oyster grounds in Yaquina Bay,

Oregon, was determined monthly over a three year

period. Gonads contained some ripe gametes throughout

the year. Maximum frequency of sexually mature oysters

occurred in August-September and declined rapidly in

October-November to a minimum in March. Gametogenesis

commenced in May and the first mature ova appeared in

June-July.

Conditioning for spawning trials were conducted at

20C and 24C four times a year. At 24C production of

gametes occurred 2 to 4 weeks earlier than at 20C. By

beginning conditioning in May or June, the conditioning

period in the laboratory can be reduced by 2 to 6 weeks.

Larval survival and number of spat collected was also

increased by reducing the laboratory conditioning

period.

Based on the results of three experiments carried

out at five temperatures and five salinities, the
optimum temperature for larval rearing was 26C and

optimum salinity was 2596.
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INTRODUCTION

There is a need to focus on the broodstock

management of the Kumamoto oyster, Crassostrea gigas

kumamoto (Thunberg), a subspecies of the Pacific oyster

C. gigas. Stocks of Kumamoto oysters have been

declining in both the Pacific Northwest of North America
and in Japan, its country of origin (Chew, 1988). The

Kumamoto oyster does not reproduce naturally in the cool

waters of the Pacific Northwest. Historically, the spat

was collected in the warm waters of Southern Japan and

shipped to the Pacific Northwest where it grows well and

is preferred by consumers because of the firm texture

during summer.

The annual cycle for gonadal development of Pacific

oysters, Crassostrea gigas, in Yaquina Bay, Oregon, was

described by Lannan et al. (1980) and forms the basis

for conditioning Pacific oysters for spawning by

elevated temperatures. Spawning stocks of oysters are

usually brought into the hatchery to accelerate gonadal

development. The time required to develop mature ova

depends on the gonadal stage of the oysters at the time

of collection from the oyster grounds. The Pacific

oyster is the most commonly cultivated commercial

species in the Pacific Northwest, but marketability is
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limited during summer months when its texture is not

desirable due to the gamete development. The Kumamoto

oyster fulfills a market demand in summer and also

provides the market with a half-shelled cocktail oyster.

Three aspects of the hatchery management of the

Kumamoto oyster were investigated: 1) the annual

gonadal cycle of the Kumamoto oyster in Yaquina Bay,

Oregon; 2) the optimum time in the year to begin

conditioning broodstock oysters by elevated temperature;

and 3) the optimum temperature and salinity for larval

rearing.

MATERIALS AND METHODS

Gonadal Development

Twenty oysters were sampled from commercial oyster

grounds at least once a month from March 29, 1978

through March 1, 1981. The flat valve of the oyster was

carefully removed and a sample of gonad tissue, removed

from the junction of the labial palps and gills, was
fixed in Bouin's fixative, embedded in paraffin and cut

at 6 micrometer thickness, and stained with hematoxylin

and eosin. Preparations were examined at 200x

magnification. Gametogenesis of oocytes was classified
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into three developmental stages as follows: stage 1,

small oocytes which were next to the walls of the
follicles and stained dark purple; stage 2, growing
oocytes, which were club shaped and partially filled the

lumen of the follicle; and stage 3, ova filled the lumen

of the follicles. Stages of development were

characterized by the percent of each oocyte stage

present.

Data collected from the commercial oyster grounds

of Yaquina Bay over a period of three years were

compiled monthly and the stage of female gonadal

development was plotted over time.

Five stages of development in the gonadal tissue of

male oysters were identified as follows: stage 1,

spermatocytes stained purple and located next to the

walls of the follicles; stage 2, some spermatozoa

stained dark blue and located toward the lumen of the

follicles; stage 3, lumen of the follicle full of
spermatozoa; stage 4, some spermatozoa remaining in the

follicles but no spermatocytes forming new spermatozoa;

and stage 5, follicles appeared shrunken with only

enough spermatozoa remaining to identify the specimen as

a male.
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The frequency of each stage of male gonadal

development in the samples was determined and the

average percent of males at stage 3 was estimated for

each month of the year.

Conditioning Experiments

Oysters were conditioned in four 500 1 fiberglass

tanks, each supplied with a 12 1 polyethylene headbox.

Raw seawater entered the headbox at a rate of 1 1/min.

Incoming water was heated by a 1500 watt immersion

heater to either 20 + 1C or 24 + 1C. Heated water

drained from headboxes into conditioning tanks; water in

the tanks was maintained at 300 1 using a stand pipe.

Oysters for the experiments were obtained from

Oregon Oyster Company, Newport, Oregon. Oysters were

brought to the laboratory, brushed clean of mud and

fouling organisms, and individuals separated from

clusters. Damaged animals were excluded from the

experiments. Four groups of 500 oysters (3-4 years old)

were conditioned in the laboratory from January 23 to

September 19, 1979. Each group of oysters was randomly

divided into either of two conditioning tanks, one at 20
+ 1C and the other at 24 + 1C. Water temperature and

flow rate (1 1/min.) were checked daily and dead

animals, if any, were removed. The bottoms of the tanks
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were cleaned once a week. No supplemental feeding was

used during conditioning.

Development of ova and sperm in the oysters treated

with elevated temperature in each of the four

experiments was followed by sampling gonadal tissue from

20 oysters in each treatment every 14 days. When the

percent of ova in the gonad samples reached 30 or over,

spawning trials were initiated.

Temperature and Salinity Optimum for Kumamoto Larvae

The Hatchery Manual for the Pacific Oyster (Breese

and Malouf, 1975) was followed for spawning, larval

rearing, setting and feeding with cultured algae. The

growth and percent set of larvae cultured at salinities

of 10, 15, 20, 25 and 3096 were tested at temperatures of

20, 24, 26, 28, and 32C. Fifty 12 1 polyethylene

buckets were used as culture containers. Buckets were

filled with 10 1 of sand-filtered, UV-treated seawater,

diluted to the desired salinity with distilled water,

and five Kumamoto larvae per ml were placed into each

bucket. The buckets were placed into water baths of the

desired temperature in duplicate for each salinity and

water was changed twice a week. Pseudoisochrysis

paradoxa was fed to the Kumamoto larvae. The shell

lengths of 20 larvae from each bucket were measured by
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using a micrometer eye piece at day ten. The number of

spat set on cuitch and on the sides of the buckets were

estimated for each bucket after 6 weeks of culture. The

experiment was repeated three times and data combined

for each temperature and salinity.

Larvae from the successful spawnings were reared in

the optimum temperature and salinity. The percent of

spat collected was obtained from the number of straight-

hinged larvae used in each experiment.

Statistical significance of the effects of

different temperatures and salinities on the growth of

the larvae were tested by two-way ANOVA (Sokal and

Rohlf, 1981).

RESULTS

Gonadal Development

Formation of ova reached its peak in August and

September (Figure 1). In October, the percent of ova

present decreased dramatically. However, some ova

remained present throughout the winter months, with the

lowest proportion occurring from March to May.

Oogenesis began in June and ova were formed rapidly
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during the summer months. Water temperatures were

warmest (13 to 15C) in Yaquina Bay during summer but not

warm enough for Kumamoto oysters to spawn, and the

formed ova were resorbed during winter months.

All the males were sexually mature in September; by

December, only one half of the sampled males were

sexually mature; and in February, only eleven percent of

males had ripe sperm (Figure 1). After March, the

proportion of sexually mature males increased. Males

developed ripe gametes earlier in the year than did the

females. More sperm was retained throughout the year

than ova. In both sexes, the peak of sexual maturity

appeared later in the summer (July-October) than for the
Pacific oyster, which is sexually mature from May

through August in Yaquina Bay (Lannan, 1980).

Conditioning Experiments

The first conditioning experiment (Figure 2) was

started at the end of January and continued through

July, a total of 20 weeks. In January, there were some

ova present in the follicles. After conditioning the
oysters for 12 weeks at 24C, the proportion of ova had

reached 60% of all oocytes, remained relatively constant

up to week 18 of conditioning, and then decreased

rapidly over the next 2 weeks. At 20C, the proportion
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of ova reached a peak of 35% after 18 weeks of

conditioning. Spawning was induced regularly during

conditioning, but larvae did not survive through
metamorphosis.

The second conditioning experiment started at the

end of March and continued until the beginning of July,

a total of 14 weeks. At 24C, some ova appeared after 2

weeks of conditioning. The proportion increased in 8

weeks to 50% of all oocytes and remained relatively
constant to the end of the experiment (Figure 3). At

20C, mature ova first appeared after 6 weeks of

conditioning and reached 45 to 50% level in 8 weeks,

where it remained over the following 6 week period.

Oysters spawned but larval survival was poor for both

groups.

The third experiment was conducted from May 1 to

July 24. In this experiment (Figure 4), the proportion
of ova in the follicles started to increase after 2
weeks at both elevated temperatures. After a 6 week

period of conditioning, oysters spawned in both groups

but the number of spat collected was low. After a 10

week period of conditioning the number of spat collected

increased.
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The fourth experiment was conducted from June 12 to

September 19 (Figure 5). The proportion of ova started

to increase in both temperature treatments from the

beginning of the conditioning period, with a somewhat

faster rate at 24C than at 20C. Overall, optimum

spawning occurred between 8 and 12 weeks of

conditioning, and the same period gave the highest

percent of spat; 5% after an 8 week period at 24C, and

4.6% after a 10 week period at 20C.

Temperature and Salinity Optimum

Shell length of larvae was measured at day 10 for

different temperature and salinity regimes (Figure 6).

At all temperatures and salinities tested, larvae grew
best at 26C and 2596. The most spat at 26C was collected

at 2596 salinity.

Interaction of temperature and salinity was not

significant. Temperature effect was greater than the

effect of salinity on larval growth. At 32C, larvae

died in the salinities of 1016 and 3096 before 10 days of

rearing. Some spat (0.2 percent) were collected at 1096

in 26C; although the setting was delayed 2 weeks.
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DISCUSSION

The annual gonadal cycle of the Kumamoto oyster

demonstrated that this species, in Yaquina Bay, Oregon,

forms ova later than other commercial species of C.

aigas. Hatchery production of the Kumamoto oyster must

start later in the summer than for the Pacific oyster.

This timing helps in managing the broodstock in a

hatchery. However, the oyster grower has a shortened

growing season. Keeping the spat in nursery grounds

over winter and planting onto the growing grounds the

following spring is usually not cost effective because

oysters a year younger reach the size of the

overwintered ones by the time of the harvest (Robinson

and Horton, 1987). Collecting spat early in the growing

season results in increased profits for the oyster

grower.

By comparing the development of ova in nature to

that of the conditioning experiment, it was evident that

starting the conditioning of the Kumamoto oyster for

spawning in May to mid-June provided viable larvae for

hatcheries approximately 6 to 8 weeks earlier than

oysters from the Yaquina Bay. The oysters taken

directly from the commercial oyster grounds gave viable

larvae in late July and early September, while
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conditioned oysters provided viable larvae in mid-June.

Water temperatures of 24C stimulated gametogenesis

in Kumamoto oysters somewhat earlier than temperatures

of 20C. However, several studies with bivalves

conditioned at elevated temperatures for long periods

showed increased stress to adult animals; the higher the

temperature, the greater the stress (Bayne and Thompson,

1970; Gabbott and Bayne, 1973; Helm et al., 1973; Bayne,

1975). Even when gametogenesis appeared to provide

normal ova, there were increases in abnormal embryonic

and larval development. The stress caused by elevated

temperature was probably a partial cause for failure to
produce spat when conditioning was initiated in January.

Alternatively, oysters still possessed ova in January

from the previous year's spawning period and glycogen

storage may have been low. Oysters collected in March

had nearly completed resorption of ova at the beginning

of the conditioning period, and reached spawning

condition in a shorter time than the oysters collected
in January. In May and June, oysters were naturally

ready for gametogenesis to take place, and warm water

treatment accelerated the rate of formation of ripe
gametes, producing good quality larvae and spat.

Feeding oysters during conditioning was reported to
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increase the fecundity and the number of larvae produced

(Muranaka and Lannan, 1984; Helm et al., 1973). A

supplemental feeding might have been beneficial in the

present conditioning experiments, especially early in

the season.

Some hatchery operators have adopted the practice

of supplemental feeding of cultured algae during

conditioning. However, a single species of cultured

algae probably lacks the nutritional values that oysters

experience in the estuary. The increased numbers of

gametes may not offset the cost of production of algae

needed for feeding broodstock oysters during the

conditioning period. There is a need for a low cost

energy input during conditioning the oysters for

spawning at elevated temperatures.

For successful larval setting and metamorphosis, it

is important to rear the larvae as close to their

optimum temperature and salinity as possible. According

to the present experiments, Kumamoto larvae reared in

temperatures ranging from 26C to 28C grew faster, on

average, in all the tested salinities than those reared

at other tested temperatures. Overall, the optimal

salinity range was from 20 to 25%. At the highest

tested temperature (32C), larvae died in the salinities
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of 10% and 30% before 10 days of rearing. At the lower

tested temperatures, larvae survived in all tested
salinities (1096-3096); however, larval growth was slow.

Based on this data, the choice for hatchery management

is faster growth of larvae in higher temperatures or
extended rearing periods at lower temperatures. In

other words, there is a choice between the cost of

energy and the cost of labor.
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Figure I. 1.

Percent of ova calculated from oocytes present in
monthly tissue samples and proportion of ripe males
calculated as a percent of total number of sampled
males. Shaded areas represent standard deviation from
the mean.
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Figure I. 2.

Percent of ova calculated from oocytes present in the
biweekly random samples of twenty oysters conditioned
for spawning at 20 and 24C from January 23 to June 10,
1979. Bars represent standard deviation from the mean.
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Figure I. 3.

Percent of ova calculated from oocytes present in the
biweekly random samples of twenty oysters conditioned
for spawning at 20 and 24C from March 29 to July 4,
1979. Bars represent standard deviation from the mean.
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Figure I. 4.

Percent of ova calculated from oocytes present in the
biweekly random samples of twenty oysters conditioned
for spawning at 20 and 24C from May 1 to July 24, 1979.
Bars represent standard deviation from the mean.
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Figure I. 5.

Percent of ova calculated from oocytes present in the
biweekly random samples of twenty oysters conditioned
for spawning at 20 and 24C from June 12 to September 19,
1979. Bars represent standard deviation from the mean.
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Figure I. 6.

The average shell length (± standard deviation) of
Kumamoto larvae at day 10 reared in five temperatures
and five salinities.
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ABSTRACT

Kumamoto oysters (Crassostrea gigas kumamoto) were

conditioned for spawning at 20C by feeding an algal diet

and a supplemental lipid mixture consisting of menhaden

oil, egg phosphatidylcholine and partially hydrogenated

vegetable oil (Kaomel, Durkee) in the ratio (by weight)

5:2:3. Oysters fed on either algal or lipid mixture
gained significantly more weight on average than non-fed

oysters. Supplementary feeding had no effect on the

rate of gametogenesis. Oysters fed on supplemental

lipid mixtures or algae released higher numbers of eggs

compared to those from non-fed broodstock oysters. The

percent of straight-hinged larvae and spat derived from

algal- or lipid-supplemented broodstock was greater

compared to that from non-fed oysters when broodstock

conditioning was initiated early in the season (March to

early April). When conditioning was initiated in May,

feeding broodstock oysters with either algal or lipid
supplements resulted in no significant increase in the

percent of spat collected compared to that from non-fed

broodstock oysters. The effects of supplemental feeding

on broodstock were similar for oysters held in either

flow-through or recirculating conditioning systems.

KEY WORDS: Kumamoto oyster, conditioning, aquaculture
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INTRODUCTION

The effects of supplemental feeding during

conditioning of Kumamoto oysters (Crassostrea gigas

kumamoto) for spawning were investigated in this study.

Lipid supplements and cultured unicellular algae were

fed to broodstock oysters during conditioning at

elevated temperatures. The effects of supplemental

feeding were estimated for: the rate of gametogenesis,

fecundity (number of eggs spawned), and the quality of
eggs as defined by the percent of straight-hinged larvae

developing normally from fertilized eggs and the percent

spat produced from straight-hinged larvae. Experiments

utilized flow-through and recirculating conditioning
systems.

The best food for conditioning broodstock oysters

is probably a mixture of different algal species.
However, culturing various species of algae in the

laboratory as food for oysters is labor intensive and
costly. Preferably, hatcheries need to supplement

broodstock diets with easily manufactured foods. There

have been numerous attempts to grow adult oysters, as

well as young spat and larvae, on artificial diets
(Haven, 1965; Turgeon and Haven, 1978; Gillespie et al.,

1966; Chanley and Normandin, 1967; Epifanio, 1979;
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Langdon and Siegfried, 1984). There is, however, no

satisfactory artificial diet, but each investigation
adds pertinent information.

Crassostrea gigas variation kumamoto originating

from Japan was introduced to the Pacific Northwest of

the United States at the beginning of the present

century. It grows well in North America, but does not

reproduce in this environment because of low ambient

water temperatures. The Kumamoto oyster is an important

commercial species valued as a half-shelled cocktail

oyster. Kumamoto eyed larvae are produced in hatcheries

but conditioning broodstock oysters for spawning early

in the season is a problem because in the cool waters of

the Pacific Northwest gametes form late in the season.

Gametogenesis of this species can be accelerated by

elevated water temperatures and conditioning has been

successful when initiated during the period from mid-

April through mid-June or later (Robinson, 1991).

In nature, the gametogenic cycle of marine bivalves

is linked to synthesis of lipid during vitellogenesis at
the expense of stored glycogen (Gabbott, 1975). Helm et

al. (1973) found that survival of Ostrea edulis larvae
was related to lipid content of the larvae at the time
of release. Muranaka and Lannan (1984) observed
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increased fecundity when broodstock oysters (Crassostrea

aigas) were fed on algae compared to that of non-fed

broodstock oysters. Bayne (1972) and Bayne et al.

(1975) observed reduced growth of larvae obtained from

nutritionally stressed Mytilus edulis. Gallager and

Mann (1981, 1986) reported that lipids are an important

energy source in the development of ova to normal

larvae.

It is hypothesized that Kumamoto broodstock oysters

fed on dietary supplements while conditioned for

spawning produce better quality ova than those from non-

fed oysters.

MATERIALS AND METHODS

Source of Oysters

Kumamoto oysters were purchased from Oregon Oyster

Company, Newport, Oregon. The oysters were brought to

the laboratory at the Hatfield Marine Science Center,

brushed clean, and individuals were separated from

clusters without damaging oysters. All of the oysters

used in these experiments were from the same stock kept

on the commercial oyster grounds in Yaquina Bay.
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Flow-Through Conditioning System

Unfiltered seawater pumped into the Hatfield Marine

Science Center from Yaquina Bay was used in the

conditioning system. The seawater was piped into a

large concrete settling tank and then through a second

settling tank into a 200-1 Nalgene reservoir, where
water was heated to a desired temperature by two 1500

watt immersion heaters controlled by a thermostat.

Water in the reservoir was continuously circulated by a

pump to maintain a constant temperature, and a float-
valve controlled the water level in the reservoir.

Water was gravity-fed from the reservoir into polyvinyl
conditioning containers (30 x 60 x 10 cm). The flow

through the conditioning containers was adjusted to 250-

300 ml/min., which was the maximum flow supported by the

system. Food was metered by peristaltic pump into the

inflowing seawater.

Recirculating Conditioning System

The recirculating system consisted of a 70 liter
plexiglass tank used as a water reservoir supplied by an

airlift to pump water into polyvinyl conditioning

containers (30 x 60 x 10 cm). Water was returned to the

reservoir through a short length of tubing. The airlift

consisted of a 2 cm diameter PVC pipe, partly submerged

in the reservoir and supplied with a steady flow of air
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at its base. Food was added into the reservoir daily,

and seawater in the system was changed once a week.

Water temperature was maintained at 20+1C.

Culture of Algae

Unicellular algae, Pseudoisochrysis paradoxa , was

cultured in a temperature-controlled room at 18±1C in

continuous light. Sand-filtered seawater was sterilized

by chlorine and neutralized by sodium bisulfite (5 ml/1

g) in 200-1 Nalgene tanks and nutrients, based on the

Matthiessen formula (Matthiessen and Toner, 1966), were

added before inoculation with algae. Cultures were

harvested for food in log-growth phase at 5-10 million

cells/ml. A Coulter Counter, model ZB1, was used to

determine cell counts in the cultures.

Preparation of Lipid Microspheres

A lipid mixture of menhaden oil, egg

phosphatidylcholine, and "Kaomel" (Durkee, partially

hydrogenated vegetable oil) in the ratio (by weight) of

5:2:3 was used as the supplemental lipid source.

Menhaden oil was chosen for its desirable fatty acid

composition, especially the presence of 20:5w3 and

22:6w3 fatty acids were considered essential by Langdon

et al. (1981). The mixture was homogenized using a

tissue homogenizer in 2% w/v polyvinyl alcohol warmed to
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40C, and poured into ice water to form small lipid

droplets that were fed to the oysters according to the
calculated feeding regimes. Based on results of

preliminary feeding experiments, lipid supplementation

at a level of 50 percent of the dry weight of the full
algal ration was selected as the optimal supplementation

level.

Lipid microspheres were stained with Sudan Black

and fed to oysters to test digestion of the lipid
microspheres. Feces was collected two hours after

feeding and examined under a microscope for evidence of

digested microspheres.

Experiments

The first conditioning experiment was initiated
April 8, and lasted through May 19, 1987. Oysters were

exposed to feeding regimes in flow-through and in

recirculating systems. Four conditioning containers

with 100 Kumamoto oysters in each were supplied with

unfiltered seawater at 20±1C. In the flow-through

system, one container received algae (30,000 cells/ml)

and the second container received algae and a supplement

of the lipid mixture at a level of 50% of the dry weight
of the algal ration. The third container received the

50% lipid supplement alone and the fourth container
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received seawater with no dietary supplement.

In the recirculating system, 100 Kumamoto oysters

were placed into each of three conditioning containers.

Reservoirs and conditioning containers were filled with

unfiltered seawater at 20+1C. Two containers received

algae (75,000 cells/ml) twice a day, one also received a

lipid supplement at 50% of the dry weight of the algal
supplement per day. The third group of oysters received

a lipid supplement at 50% of algal ration alone.
Fifteen oysters in each container were individually
numbered and weighed at the beginning and end of the

experiment.

The following three conditioning experiments, using

sand-filtered seawater, were similar by design and were

performed from April 6 to June 15, 1988; from March 29

to July 5, 1989; and from May 25 to July 27, 1989.

Feeding regimes were non-fed, algal-fed, and lipid

supplements alone at a level of 50 percent of the dry

weight of the algal ration. In a flow-through system

30,000 cells of algae/ml were continuously delivered and

75,000 cells algae/ml were delivered twice a day in a

recirculating system to oysters.

Oysters from the preliminary experiment were used
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in the fifth conditioning trial. Oysters were spawned

and held at 20C in a flow-through system without

supplemental feeding for four months in order to induce

starvation. In efforts to condition nutritionally
stressed oysters, supplemental feeding was initiated at

17+1C instead of 20C to minimize stress caused by

elevated temperatures (Bayne and Thompson, 1970; Gabbott

and Bayne, 1973; Helm et al., 1973; Bayne, 1975). Four

groups of 75 oysters each were placed into a flow-

through system and each group received a different

feeding regime: non-fed, algal-fed (30,000 cells/ml),
algae + 50% lipid mixture or algae + 100% lipid mixture.
One group of 75 oysters was placed into a recirculating

system and conditioned on a ration of 75,000 cells of

algae twice a day plus a 50% lipid mixture.

At the beginning and end of the fifth experiment,

20 randomly selected oysters from each treatment were

removed from shell, drained for 30 minutes on absorbent

toweling, weighed, dried for 48 hours at 60C, cooled in

a desiccator, and re-weighed to obtain dry meat weights.

Histological Examinations

Histological sections of gonadal tissue from 10

conditioned oysters were prepared every other week or

every month during each conditioning experiment. The
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stage of gonadal development in female oysters was

determined by counting 200 ova and oocytes in the

follicles. The stage of maturity was expressed as a

percent of ova from the sum of ova plus oocytes. Male

oysters were considered to be in spawning condition when

follicles were full of sperm. Maturity for male oysters

is expressed as a percent of oysters in spawning

condition from total number of males in the sample.

Larval Culture

Larvae were reared at optimum conditions in 2590

seawater at 26C through metamorphosis in triplicate

containers to determine variation in the setting success

among larvae obtained from broodstock oysters

conditioned on each feeding regime (Robinson, 1991).

Statistics

The results of experiments were analyzed

statistically by two-way ANOVA at 95% significance

level. Before statistical tests were performed,

percents were converted to arcsine values. Student-

Newman-Keuls multiple range tests were applied on the

growth, maturity and spawning success data (Sokal and

Rohlf, 1981).
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RESULTS

Before full-scale experimental feeding trials were

started, lipid microspheres stained with Sudan Black

were fed to Kumamoto oysters and fecal pellets were

examined under a microscope. Released stain was

observed, indicating that oysters were able to ingest
lipid microspheres.

The first conditioning experiment was initiated

April 8, 1987, when no ova from the previous year's

reproductive cycle were present in the gonads. In this
experiment the effect of lipid supplements alone on

oyster conditioning was compared to that of oysters fed

on algae, algae plus lipid supplements, and a non-fed

controls (Table 1).

The live weight of oysters increased in all three
feeding regimes but decreased in non-fed oysters (Table

1). Gametogenesis progressed at approximately the same

rate in all groups and at the end of the 6 week
conditioning period oysters responded to spawning

stimulus. In contrast, oysters collected from the wild

had not developed ova and did not respond to spawning

stimulus. The number of eggs collected per female was

slightly higher for oysters conditioned in the
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recirculating system compared to that of oysters from

the flow-through system, but the percent fertilized eggs
that successfully developed into straight-hinged larvae
were approximately the same in oysters from the two

systems (Table 1).

Higher numbers of eggs per female were collected

from oysters fed on algal and lipid supplements compared

to those from non-fed oysters, however the differences

were not significant at 95% confidence level (Table 1).

Also, the percent fertilized eggs that successfully
developed into straight-hinged larvae was lowest in the

non-fed group, but there were no significant differences

among development of fertilized eggs from other

treatment groups.

The development of gametes was monitored for

Kumamoto oysters conditioned under different feeding

regimes at 20C in sand-filtered seawater for a 10 week

period (Table 2, Exp. II). Some ova and sperm were

found in oysters from all three feeding regimes after 5

weeks of conditioning, but only the males responded to

spawning stimulus. At the end of the 10 week

conditioning period, female oysters fed on algae

possessed the highest percent ova; in both algal- and

lipid-fed groups all males were in spawning condition
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and in non-fed groups, 81 to 83% of males were mature.

Table 2, Exp. II, shows that both algal- and lipid-
fed treatments resulted in successful induction of

spawning of six out of ten oysters. Four oysters

spawned in the non-fed group, three males and one

female. The highest numbers of eggs per female were

collected from the algal-fed groups, followed by lipid-
and non-fed oysters. Although there was no significant

difference among percents of straight-hinged larvae

obtained from fertilized eggs, there was a significant

difference between the percent spat collected from non-

fed and fed oysters.

In a recirculating system (Table 2, Exp. II) there
was no significant difference in the number of eggs per

female between algal- and lipid-fed oysters, but non-fed

oysters released half the number of eggs per female

compared to oysters from either fed group. The percents

of straight-hinged larvae obtained were approximately

the same for all three treatment groups. The highest

percent spat yield was collected from algal-fed oysters,

followed by percentages from lipid-fed and non-fed

broodstock oysters.

Experiment II was repeated a year later beginning
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March 29, 1989 (Exp III). After a 6 week period,

oysters responded to spawning stimulus but only a few

eggs were released.

After a 14 week period of conditioning, algal-fed
oysters produced the highest number of eggs per female

in both systems (Table 2, Exp. III). There were no

significant differences between percentages of

fertilized eggs developed into straight-hinged larvae
among different feeding regimes in a flow-through or in

a recirculating system. There was no significant

difference between the number of spat collected from

each of the fed oysters in the two systems; however,

non-fed oysters produced significantly fewer spat than

either of the fed groups.

Another conditioning experiment was started in May,

1989, when gametogenesis was underway in oyster

populations from the field. At the beginning of the

experiment, an average of 2.7% of oocytes present were

ova (n=6). After a 9 week conditioning period in the
flow-through system, the percent of ova was over 50 in

all feeding regimes (Table 2, Exp. IV). In the

recirculating system, non-fed and lipid fed oysters

possessed less than algal-fed and more than 50% of

oocytes as ripe ova. Both sexes responded to spawning
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stimulus and lipid-, algal-, and non-fed oysters yielded

5.6, 4.1, and 2.9 x 106 eggs per female respectively and

7.0%, 5.4%, and 6.6% spat yields calculated from

straight-hinged larvae used in the experiment. In the

recirculating system there were only slight differences
in the number of eggs collected per female among feeding

regimes. There were no significant differences in

percent spat yields from oysters conditioned under the

different feeding regimes (Table 2, Exp. IV).

In the beginning of Experiment V, oysters were

watery with a mean dry weight of 110 mg (Table 3).

After an 18 week period at 17C in flowing unfiltered
seawater under four different feeding regimes, the

oysters had gained weight and formed ripe gametes.

Only males responded to spawning stimulus.

Only one feeding regime of algae and supplemental

lipids was tested in the recirculating conditioning
system (Table 3). Dry weight of tissue increased and

both sexes possessed ripe gametes at the end of

conditioning period but only two females responded to

spawning stimulus.
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DISCUSSION

Released stain in fecal pellets of oysters fed on
lipid microspheres stained with Sudan Black demonstrated

ingestion of lipid microspheres. Furthermore, increases

in tissue dry weight during conditioning of oysters fed
on algae and lipid supplements indicated the oysters'

ability to use the food supplements as a source of

energy. Parker and Selivonchick (1986) also reported

uptake and metabolism of lipid mixtures by juvenile

Pacific oysters. In contrast, when sexually mature

oysters were kept at 20C in unfiltered seawater without

supplemental feeding for a four month period form April

21, to August 8, 1987, they lost an average of 40% of

their live weight and sexes could not be identified.
This result agrees with a report by Riley (1976) that
during an extended period (176 days) of starvation at

13C, weight loss of oysters (Crassostrea gigas) equaled

61% of pre-starved weight. Whyte et al. (1990) report a

65% depletion of total energy in Pacific oysters starved

for 405 days at 10C.

Sexually unidentified, nutritionally stressed
oysters were fed supplements of algae and lipid at 17C

for a four month period, their average dry tissue weight

doubled and they approached sexual maturity for a second
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time during a calendar year. In nature, Kumamoto

oysters mature once a year and do not spawn in the

Pacific Northwest (Robinson, 1991).

Supplemental feeding during conditioning did not

accelerate the rate of gametogenesis of oysters.

Oysters in all feeding regimes matured at approximately

the same rate as did non-fed controls.

From non-fed broodstock oysters, numbers of eggs

released per female were lower than those from fed

oysters. Muranaka and Lannan (1984) found that Pacific

oysters fed on supplements of algae also showed

increased fecundity compared to that of non-fed oysters

during conditioning at elevated temperatures.

The percent spat generated from spawning non-fed

broodstock oysters was significantly lower than that

obtained from oysters conditioned with supplemental

feeding. This difference was more pronounced when

conditioning was initiated early in the season as was

the case in all the experiments started in March and

early April. These results agree with those of a

previous study where Kumamoto oysters were conditioned

for spawning without supplemental feeding in four trials

from January to June, percent of spat generated was
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greater the later in the season conditioning was

initiated (Robinson, 1991). Lannan (1980) reported that

Pacific oysters produced the highest number of spat when

spawned during a so-called "window", following

conditioning for a time period determined by the stage

of gonadal development at the start of conditioning.

Although lipid supplements were not superior to

algal supplements for conditioning broodstock oysters,

lipid supplements may be useful in hatcheries in the

production of higher numbers of larvae and spat early in

the season.

The use of the recirculating system in which water

was changed once a week resulted in conditioning of

Kumamoto oysters that was equally successful to

conditioning oysters in the flow-through system. The

recirculating system requires less seawater than the

flow-through system and could save energy and operating

costs.
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Table II. 1.

Average live weight change (% per week)of conditioned
Kumamoto oysters (C. gigas kumamoto) (N=15). Maturity
of males expressed as percent mature males and the
percent oocytes present as ova. Spawning success is
expressed as the number of oysters spawned (N=10),
number of eggs released per female in millions and
percent fertilized eggs that successfully developed into
normal straight-hinged (S-H) larvae from each feeding
regime in a flow-through and a recirculating system.
Exp. I conducted at 20C in period from April 8 to May
19, 1987.
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TABLE II. 1.

Regime
Wt. Chanae

%/Week Maturity Spawning Success

Flow-Through
system:

> Rice
Males

%

Ova
# Of # Of Eggs/ o S-H
Males Females Female Larvae

Ambient (8-12C) -0.12* 15 0 0 0 0 0

Non-fed -0.09* 39 54 2 1 0.3 83

Algal-fed 0.14 54 53 4 2 0.6 91

Algae + 50% lipid 0.15 73 75 5 3 0.97 93

50% Lipid alone 0.10 57 54 4 1 0.5 90

Recirculating
systems

Algal-fed 0.28 36 58 5 4 1.6 94

Algae + 50% lipid 0.25 75 43 6 3 1.4 96

50% Lipid alone 0.22 62 52 5 3 1.6 96

* significant at 95% confidence level.
Lipid supplements were added at a concentration of 50% of the dry weight of
the full algal ration.
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Table II. 2.

Maturity of Kumamoto oysters (C. gigas kumamoto)
conditioned for spawning at 20C, expressed as percent
mature males and the percent oocytes present as ova.
Spawning success is expressed as the number of oysters
spawned (N=10), number of eggs released per female in
millions, percent of fertilized eggs that successfully
developed into normal straight-hinged (S-H) larvae and
percent of spat from each feeding regime in a flow-
through and a recirculating system. Exp. II conducted
from April 6 to June 15, 1988; Exp. III from March 29 to
July 5, 1989; and Exp. IV from May 25 to July 27, 1989.
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TABLE II.

Regime Maturity Spawning Success

Rine
Males

%

Ova Males Females
Eggs/
Female

% S-H
Larvae % Spat

EXP. II INITIAL 21 0

Flow-Through:
Non-fed 83 65 3 1 0.3 84 0.9*
Algal-fed 100 72 3 3 0.6 96 2.4
50% Lipid alone 100 54 4 2 0.5 97 2.3

Recirculating:
Non-fed 81 60 7 3 0.8 93 0.8*
Algal-fed 100 86 5 5 1.6 97 2.7
50% Lipid alone 100 72 5 4 1.3 95 2.2

EXP. III INITIAL 30 0

Flow-Through:
Non-fed 72 89 4 3 2.0 97 2.2*
Algal-fed 67 79 3 2 3.4 76 3.6
50% Lipid alone 72 88 3 2 1.5 95 3.7

Recirculating:
Non-fed 100 43 2 2 0.9 83 2.3*
Algal-fed 57 62 3 3 2.2 96 3.9
50% Lipid alone 40 35 1 2 1.8 94 3.4

EXP. Iv INITIAL 60 2.7

Flow-Through:
Non-fed 86 52 3 3 2.9 92 6.6

Algal-fed 100 56 4 2 4.1 95 5.4

50% Lipid alone 100 57 6 2 5.6 96 7.0

Recirculating:
Non-fed 83 47 8 2 0.9 94 4.2
Algal-fed 75 57 7 3 1.1 95 5.9

50% Lipid alone 100 46 7 3 1.3 95 5.4

* Significant at 95% confidence level.
Lipid supplements were added at a concentration of 50% of the dry weight of
the full algal ration.

2.
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Table II. 3.

Mean dry tissue weight (g) and standard deviation (SD)
of 20 Kumamoto oysters (C. gigas kumamoto) at the
beginning and end of Exp. V Maturity of oysters
conditioned for spawning at 17C expressed as percent
mature males and the percent oocytes present as ova.
Spawning success is expressed as the number of oysters
spawned (N=10), number of eggs released per female in
millions from each feeding regime in a flow-through and
a recirculating system. Exp. V conducted from August 8
to December 15, 1987.



TABLE II. 3.

Regime Dry Weight Maturity Spawning Success

Flow-Through % Ripe % # Of Males # Of Females
System: (g) (SD) Males Ova Spawned Spawned

Initial 0.11 0.09 0 0 ---

Non-fed 0.14 0.11 33 6 1 0

Algal-fed 0.21 0.18 42 41 2 0

Algae + 50% lipid 0.26 0.12 27 36 3 0

Algae + 100% lipid 0.29 0.19 54 20 5 0

Recirculating
System:

Algae + 50% lipid 0.27 0.16 29 59 0 2

Lipid supplements were added at concentrations of 50 and 100% of the dry
weight of the full algal ration.



64

DIETARY SUPPLEMENTS FOR THE REPRODUCTIVE CONDITIONING OF

CRASSOSTREA GIGAS KUMAMOTO: II. EFFECTS ON GLYCOGEN,

LIPID AND FATTY ACID CONTENT OF BROODSTOCK OYSTERS AND

EGGS

Anja Robinson

Oregon State University

Hatfield Marine Science Center

Newport, Oregon 97365



65

ABSTRACT

Kumamoto oysters, Crassostrea gigas kumamoto

(Thunberg), were conditioned for spawning at 20C in

either a flow-through or a recirculating system. In

each system broodstock oysters were exposed to one of

three feeding regimes: non-fed, algae, or lipid
microspheres. Sub-samples of oysters from the beginning

and end of each experiment were analyzed for glycogen

and lipid content as well as fatty acid composition.
Freshly spawned, unfertilized eggs were also analyzed

for fatty acid composition.

The glycogen level decreased and the lipid level

increased significantly during conditioning in all three
treatments. Feeding regimes had no significant effect

on glycogen and lipid content. Conditioned female

oysters contained one percent more lipid than male

oysters, while male oysters possessed approximately one

percent more glycogen than female oysters in all the

experimental treatments.

Feeding regimes had no effect on the fatty acid

composition of oysters, but the fatty acid profile of
the eggs was affected. The w3 fatty acid content was

significantly higher in the eggs released from algal-fed
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broodstock oysters than that of eggs from two other

treatments. Fatty acid 22:5w3 was detected in the eggs

from fed oysters but not in the eggs from non-fed

oysters.

KEY WORDS: Crassostrea gigas kumamoto, conditioning,

supplemental feeding, glycogen, lipid,

fatty acids
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INTRODUCTION

The Kumamoto oyster Crassostrea gigas kumamoto

(Thunberg), a subspecies of the Pacific oyster

Crassostrea gigas, is commercially valuable species in

the Pacific Northwest. It has been conditioned as

broodstock with considerable variation in success in

terms of percent spat produced from fertilized eggs

(Robinson, 1991). Lipids play an important role in
bivalve larval growth and metamorphosis (Gallager and

Mann, 1981, 1986; Waldock and Nascimento, 1979; Trider

and Castell, 1980). Robinson (1991) showed that a

significantly higher proportion of larvae successfully
metamorphosed into spat from algal- and lipid-
supplemented Kumamoto oyster broodstock than from non-

fed Kumamoto oysters.

The objective of this investigation was to
determine the effects of dietary supplements on glycogen

and lipid contents and fatty acid composition of

Kumamoto oysters during conditioning for spawning at

20C.

Glycogen is believed to be the major metabolic fuel

to be utilized by bivalves during gametogenesis

(Galtsoff, 1964; Gabbott, 1975; Gabbott and Walker,
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1971). The importance of lipids in the metabolism of

molluscs has been reported by Riley (1976) for Pacific
oysters and Millar (1967) for European oysters. Lipids

are also reported to play a major role in the
development of ova into normal larvae (Ansell, 1974;

Thompson, 1977; Holland, 1978; Gallager and Mann, 1986).

Since quantity of lipid in ova is essential for further
larval development, it is speculated that quality of
eggs may be improved by feeding broodstock oysters on

dietary algal or lipid supplements.

A number of unicellular algal species commonly used

for bivalve culture have been analyzed for their fatty
acid profiles. De Mort et al. (1972) analyzed ten

species of estuarine phytoplankton for fatty acid
composition and concluded that all the species tested

had high proportions of palmitic acid, 16:0. Diatoms

had high portions of 20:5 and Chlorophyta were rich in

18:3 fatty acids. Chu and Dupuy (1980) and Whyte (1987)

analyzed several species of cultured algae for fatty
acid composition, algae which are used as food for

molluscan bivalve species. Both investigators reported

major differences in the fatty acid compositions among

different algal species. Undoubtedly, mixing several

cultured species of unicellular algae as food for
broodstock oysters provides a greater variation of fatty
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acids than that from only one species of algae.

However, it is not cost effective for the oyster

industry to produce the large quantities of algae

necessary for conditioning broodstock oysters. Based on

reports of uptake and digestion of dietary lipids in

juvenile oysters and transport from stomach to other

tissues (Vassalo, 1973; Parker and Selivonchick, 1986;

Erickson and Selivonchick, 1988), broodstock Kumamoto

oysters in the current study were fed on lipid

microspheres as a source of supplemental lipid.

Conditioning oysters with complete or partial

replacement of algal diets with lipid dietary

supplements may lead to substantially reduced costs.

MATERIALS AND METHODS

Source of Oysters

Kumamoto oysters were purchased from Oregon Oyster

Company in Newport, Oregon. The oysters were brought to

the Hatfield Marine Science Center laboratory where

individuals were separated from clusters and brushed

clean. All the oysters originated from the same stock

kept on the commercial oyster grounds.
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Conditioning Systems

Two conditioning systems were used: a flow-through

and a recirculating system. The operation of these

systems was described in the previous article of this

series (Robinson, 1991).

Diets

Unicellular algae, Pseudoisochrysis paradoxa was

cultured in 100-1 Nalgene tanks harvested in the

exponential growth phase at 5-10 million cells/mi.

A mixture of menhaden oil, egg phosphatidylcholine

and partially hydrogenated vegetable oil (Kaomel,

Durkee) in the ratio (by weight) 5:2:3 was used as a

supplemental lipid source. The lipid supplement was

delivered to broodstock oysters as lipid microspheres.

Experiments

Three conditioning experiments were conducted in a

flow-through and a recirculating system at 20C. Oysters

were placed randomly into each conditioning container.

Oysters in one container in each experiment in both the

flow-through and recirculating systems were maintained

as unfed controls, receiving only sand-filtered seawater

at 20C. Another container in the flow-through system

received 30,000 cells/ml of algae continuously and one
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in the recirculating system was batch-fed at 75,000

cells/ml twice a day. The third container received

lipid supplements alone at the level of 50% of dry

weight of full algal ration in each system.

At the beginning of each experiment, a random

sample of five oysters was withdrawn for glycogen and

lipid analysis. At the end of each experiment, five
females and five males from each feeding regime were

sampled for glycogen and lipid analysis. Also at the
end of each experiment, ten oysters from each feeding

regime were spawned and lipids were extracted from

freshly spawned, unfertilized eggs. Fatty acid

compositions were determined for oysters at the

beginning of each experiment, for female and male

oysters in spawning condition at the end of the
experiment, and for freshly spawned eggs.

Glycogen Extractions

Tissue was removed from the shells, rinsed, and

homogenized using a tissue homogenizer. Three samples

of two grams each were taken from each homogenized

sample for glycogen extractions and the remainder

reserved for lipid extractions. One ml of 10%

trichloroacetic acid was added per gram of tissue

homogenate in order to dissolve glycogen. The mixture
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was centrifuged and supernatant collected. The pellet

was washed with one more volume of trichloroacetic acid,

centrifuged and the supernatant collected. Two volumes

of 95% ethanol was added to one volume of supernatant,

stirred and the precipitate allowed to flocculate and
then centrifuged. Supernatant was discarded and white

precipitate was dissolved in 5 ml of water and re-

precipitated by the addition of two volumes of 95%

ethanol and centrifuged. The precipitate was washed

once more with 95% ethanol, followed by 3 ml of absolute

ethanol and 3 ml of diethyl ether, air-dried and
weighed. Commercial pure glycogen extracted from

oysters was used as a control. Three samples, half a

gram each, were extracted the same way as the samples of

oyster tissue (Stetten, 1956).

Lipid Extraction
Three sub-samples of two grams each of the

homogenized oyster tissues were added into 20 ml of

chloroform:methanol (2:1), mixed and filtered through

Whatman #1 glass-fiber filter paper. The tissue was

scraped off the filter paper and again mixed with 10 ml
of chloroform:methanol and re-filtered. This was

repeated once more. The filtrate was poured into a
separating funnel and one volume of water was added to 5

volumes of the extract, mixed and allowed to stand in a
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refrigerator overnight. The lower phase was transferred

into a pre-weighed test tube and evaporated to dryness

under N2 and weighed to determine total lipid content

(Folch et al., 1957). Methyl esters were prepared for

fatty acid analysis by gas chromatography. Four ml of

4% H2SO4 in methanol were added into the test tube

containing lipid extract, flushed with N2 and closed

with a Teflon-lined cap. The mixture was heated at 80-

90C in a water bath for 90 minutes, cooled, neutralized

with 5% Na2CO2, extracted with 3 ml hexane, transferred

into a clean vial and evaporated to dryness under N2.

Methyl esters were dissolved in 1 ml isooctane and 1 gl

of solution was injected into a gas-liquid chromatograph
for fatty acid determination. Fatty acids were

identified by comparing their retention times with those
of known standards. Fatty acid composition was also

determined for the lipid and algal diets.

Results were analyzed for significant differences

by two-way ANOVA and Tuckey's multiple range test at the

95% confidence level. Before statistical tests were
performed, percents were converted to arcsine values

(Sokal and Rohlf, 1981).
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RESULTS

Table 1 shows glycogen contents of Kumamoto oysters

at the beginning and end of conditioning. At the end of
all three conditioning experiments, glycogen contents of

broodstock oysters decreased significantly from the

beginning level in all feeding regimes in both the flow-
through and recirculating systems. There were no

overall significant differences in glycogen contents
among oysters from each conditioning system or among

oysters from the different feeding regimes in either
conditioning system.

Data in Table 2 were compiled from both

conditioning systems. Male oysters in all feeding
regimes had more glycogen than female oysters after

conditioning; however, there were no differences at 95%

confidence level (Table 2).

Recovery of glycogen from control samples was from

97 to 99%

Table 3 shows that the lipid contents in Kumamoto

oysters were overall significantly lower in the

beginning than at the end of conditioning for spawning.

There was no difference between the lipid contents of



75

oysters fed on algal or lipid supplements, but there was
a significant difference between those of fed and non-

fed groups of oysters.

Since there were no differences in the lipid
contents of oysters in the flow-through and the
recirculating systems, data from both systems were

combined in Table 4. There was no difference between

lipid contents of female and male oysters, although

lipid content in the males was lower than that of
females in all the feeding regimes.

The results of fatty acid analysis are shown in
Table 5. Since there were no significant differences in
the total fatty acid composition in the oysters or the
ova from three different experiments, the results from

Experiment II were used as an example. There were no

differences in total fatty acid profiles of oysters from
two systems, neither were there any differences between

the levels of fatty acids in females or males from the
different feeding regimes (Table 5). However,

significant differences were found in the fatty acid
composition among the eggs collected from oysters

conditioned in different feeding regimes (Table 6). In

both systems 18:0 and 18:3w3 fatty acids were present at

> 1% level in eggs from the oysters in non-fed



76

treatments compared to levels of < 1% for these fatty

acids in eggs from algal or lipid-fed oysters. Fatty

acid 18:1 was found in the ova from non-fed and lipid-

fed oysters but not in algal-fed oysters. Lipid

microspheres consisted of 26.4% 18:1 fatty acid compared

with 11.9% in the algal diet, and was therefore noted as

a major source of this fatty acid. Fatty acid 22:5w3

was present in the ova from algal and lipid-fed oysters
but not in the ova from non-fed oysters; however, it was

not found in either dietary supplement (Table 5). A

significantly higher proportion of w3 fatty acids were
found in ova released from algal-fed broodstock oysters

compared with that in ova from either non-fed or lipid-
fed oysters in both conditioning systems (Table 6). A

slightly higher proportion of w3 fatty acids were
present in ova from lipid-fed oysters than in those of
non-fed broodstock oysters (Table 6).

DISCUSSION

Seasonal changes in glycogen content in oysters

coincide with the development of gametes. There have

been investigations on the seasonal fluctuation of

glycogen contents in Ostrea edulis (Holland and Hannant,

1974, 1976; Walne, 1970; Russell, 1923) and in
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Crassostrea virginica (Galtsoff, 1964). Generally,

glycogen levels increase during late summer and fall and

decrease during winter. Mitchell (1916), Walne (1970),

and Gabbott and Walker (1971) have shown that glycogen

content in oysters decrease during spawning season. In

the present study, glycogen content decreased during

conditioning of oysters in all treatments. In the warm

water temperature (20C) of the conditioning systems, the

rate of metabolism may have increased to the point where

glycogen reserves were used as an energy source by the

oysters despite supplemental feeding. There was a

higher glycogen content in conditioned male oysters than

in females, perhaps development of sperm requires less

glycogen utilization than that for ova.

Seasonal changes in the lipid content of oysters

and other bivalves have been noted by a number of

investigators (Loosanoff, 1942; Engle, 1950; Giese,

1966; Walne, 1970; Trider and Castell, 1980). Lipid

content is reported to increase before spawning and

decrease immediately after spawning (Pollero et al.,

1979; Barber and Blake, 1985; Allen and Conley, 1982),

perhaps as a result of losses of lipid in the spawned

eggs. Thompson (1977) reported that in female scallops

lipid content declines after release of eggs. Trider

and Castell (1980) found an increase in the lipid
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content of American oysters (C. virginica) in the spring
and a sudden decrease in July, coinciding with spawning.

In the present study, body tissues of female
oysters in spawning condition had approximately one

percent higher levels of lipid than those of the male
tissues.

In the present study w3 fatty acids were found in
freshly spawned, unfertilized ova at relatively greater
levels than in female tissue samples. This agrees with

the results of Dawson and Barnes (1966) who have

reported high levels of polyunsaturated fatty acids in
the eggs of marine invertebrates. It is noteworthy that
22:5w3 fatty acid was found in ova from algal- and

lipid-fed oysters but was not found in ova from non-fed

oysters in either conditioning system. It is possible
that a relatively high level of w3 fatty acids in eggs

is beneficial for normal embryonic development.

Robinson (1991) found that the greatest percent of

larvae that successfully metamorphosed to spat

originated from the same algal-fed broodstock oysters

followed by percent spat from the same lipid- and non-

fed oysters, suggesting that w3-rich eggs result in
more successful larval metamorphosis to spat than larvae

from w3-poor ova. Gallager and Mann (1986) reported
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that there was a minimum level of lipid required in the
ova for the development of normal straight-hinged

larvae. That 22:5w3 was found in ova released from fed

oysters, ova which also resulted in the greatest percent
production of spat, may indicate its importance in
larval development and growth.
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Table III. 1.

Glycogen content of oyster tissue (% of wet wt.) and
standard deviation (SD) at the beginning and the end of
conditioning Kumamoto oysters (C. gigas kumamoto) for
spawning at 20C in a flow-through (F-T) and a
recirculating (Rec.) system. Three feeding regimes were
used: non-fed, algal-fed and lipid-fed. Exp. II
conducted from April 6 to June 15, 1988; Exp. III
conducted from March 29 to July 5, 1989; and Exp. IV
conducted from May 25 to July 27, 1989.



TABLE III. 1.

Beginning Non-Fed Algal-Fed Lipid-Fed

F-T Rec F-T Rec F-T Rec

SD % SD % SD o SD % SD o SD % SD

6.08* 0.14 4.58 0.42 4.80 0.17 4.04 0.79 4.37 0.27 3.51 0.42 4.98 0.28
7.79* 0.48 2.72 0.28 3.53 0.35 2.52 0.63 2.67 0.76 2.85 0.47 2.47 0.58

5.47* 0.56 3.28 0.36 4.15 0.36 3.53 0.23 4.66 0.67 2.15 0.73 4.76 0.39

* Significant at 95% confidence level
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Table III. 2.

Glycogen content (% of wet wt.) in female and male
Kumamoto oysters (C. gigas kumamoto) and standard
deviation (SD) after conditioning for spawning at 20C in
three feeding regimes: non-fed, algal-fed and lipid-fed.
Data for oysters from three experiments in a flow-
through and a recirculating system were combined.



TABLE III. 2.

Sex Non-Fed Algal-Fed Lipid-Fed

SD SD SD

Female 3.47 0.77 3.48 1.78 3.51 1.01

Male 5.10 1.12 4.49 2.22 4.31 1.71
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Table III. 3.

Lipid content of oyster tissue (% of wet wt.) and
standard deviation (SD) at the beginning and the end of
conditioning Kumamoto oysters (C. gigas kumamoto) for
spawning at 20C in a flow-through (F-T) and a
recirculating (Rec.) system. Three feeding regimes were
used: non-fed, algal-fed and lipid-fed. Exp. II
conducted from April 6 to June 15, 1988; Exp. III
conducted from March 29 to July 5, 1989; and Exp. IV
conducted from May 25 to July 27, 1989.



TABLE III. 3.

Beginning Non-Fed Algal-Fed Lipid-Fed

'F-T Rec F-T Rec F-T Rec

SD % SD % SD % SD % SD % SD % SD

1.19* 0.22 4.12 0.19 4.44 0.26 3.32 0.15 3.50 0.22 2.74 0.31 2.90 0.29

0.64* 0.14 2.03 0.41 2.61 0.16 1.91 0.53 2.30 0.81 2.53 0.26 3.20 0.34

2.63* 0.21 3.89 0.27 2.46 0.41 1.37 0.44 3.04 0.61 2.33 0.42 2.06 0.16

* Significant at 95% confidence level
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Table III. 4.

Lipid content (% of wet wt.) in female and male Kumamoto
oysters (C. gigas kumamoto) and standard deviation (SD)
after conditioning for spawning at 20C in three feeding
regimes: non-fed, algal-fed and lipid-fed. Data for
oysters from three experiments in a flow-through and a
recirculating system were combined.



TABLE III. 4.

Sex Non-Fed Algal-Fed Lipid-Fed

% SD $ SD SD

Female 4.37 1.30 3.45 1.45 3.02 1.01

Male 3.64 1.01 2.14 1.65 2.27 1.05
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Table III. 5.

Fatty acid composition of dietary algal and lipid
supplements as well as oyster tissue at the beginning
and end of conditioning Kumamoto oysters (C. gigas
kumamoto) for spawning at 20C in three feeding regimes.
Data for oysters from a flow-through and a recirculating
system were combined. Exp. III conducted from March 29
to July 5, 1989.
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TABLE III. 5.

Ending 7/5/89

Dietary
Supplement

Females Males

Fatty Beainnina Non- Algal- Lipid- Non- Algal- Lipid-
Acid Algae Lipid 3/29/89 Fed Fed Fed Fed Fed Fed

14:0
16:0
16:1w7
18:0
18:1
18:1w7
18:2
18:2w6
18:3w6
18:3w3
20:1
18:4w3
20:4w6
22:1w9
20:5w3
22:4w6
22:5w3
22:6w3
2w3

2w6

w6/w3

22.10
15,50
---

11.90
---
1.70
3.20
---
5.30
---

16.20
---
---
0..40

---
0.10
6.40

28.40
3.20
0.11

3.84
26.40
6.10
3.10

26.40
---
6.70
---
---
2.20
---
---
---
---
5.20
---
---
5.00

12.40
0.00
---

1.60
20.50

3.90
3.20

3.00

2.50
0.50
4.90
1.30
7.80
1.00
1.10

13.10
0.80
i.00

10.50
37.30
4.80
0.13

1.40
18.20
2.00
4.30

4.80

2.00
0.50
5.80
3.10
3.20
1.10
..00

12.70
0.80
0.90

11.50
29.10
4.40
0.11

1.40
19.50
2.10
4.80

6.80

2.20
0.30
5.10
1.30
8.40
1.10
1.20

13.30
0.80
0.90
9.80

37.50
4.40
0.12

1.60
19.90
1.90
4.70

6.10

2.00

0.50

5.20
1.30

8.90

1.20

1.20

13.60

0.80

1.00
10.70

39.40

4.50
0.11

1.30

17.00

1.30

4.60

'5.40

2.10

0.20

4.80
2.20

11.40

1.00

1.00

11.50

0.50

0.60
9.30

37.60

3.80
0.10

1.10

16.00

1.70

4.10

5.90

2.20

0.20

4.70
1.70

17.60
1.20

0.90

12.30

0.70

0.90
10.60
46.10

5.50
0.12

1.10

13.70

1.80

3.50

4.90

1.60

- 0.30

3.40
1.70

19.40
1.00

0.90

12.20

0.50

0.80
7.90

43.70

3.40
0.08

Algae: Pseudoisochrysis paradoxa
Lipid: Mixture or mennaden oil, egg pnosphatidylcholine and vegetable oil in

the ration (by weight) 5:2:3.
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Table III. 6.

Fatty acid content in the freshly spawned, unfertilized
eggs of Kumamoto oysters (C. aigas kumamoto) conditioned
for spawning at 20C in three feeding regimes: non-fed,
algal-fed and lipid-fed in a flow-through and a
recirculating system. Exp. III conducted from March 29
to July 5, 1989.



TABLE III.

Flow-Through Recirculating

Fatty
Acid

16:0

18:0

18:1

18:2

18:3w3

18:4w3

20:5w3

22:5w3

22:6w3

Ew3

Non-
Fed

Algal-
Fed

Lipid-
Fed

28.8 29.3 27.6

9.4 --- ---

7.2 --- 11.4

3.2 1.3 1.9

6.0 --- ---
8.9 9.6 9.2

18.4 27.7 22.3

--- 2.2 1.6

13.3 30.0 14.0

46.6 69.5* 47.1

Non-
Fed

Algal-
Fed

Lipid-
Fed

22.8 30.1 26.3

6.7 --- ---

6.1 --- 12.6

3.2 1.2 2.6

5.8 --- ---
12.0 12.9 11.4

21.3 30.3 24.3

--- 2.6 1.9

15.2 24.3 17.3

54.3 70.1* 54.9

* Significant at 95% confidence level

6.
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CONCLUSIONS

The development of oyster hatcheries on the West

coast of the U.S. and Canada in the 1980's

revolutionized the economics and dependability of seed

supply of the Pacific oyster. Use of hatchery seed is

the first step towards domestication of the Pacific
oyster. Lannan (1980) was among the first to point out
the importance of oyster broodstock management. Before

broodstock can be successfully conditioned for spawning,

information on the natural cycle of gamete development

is required. This investigation established an annual

cycle of formation of gametes for Kumamoto oysters in

Yaquina Bay, Oregon. The highest percent of mature

gametes occurred in August-October, indicating that the

Kumamoto oyster is a late spawner. Tissues of this
species stay firm during summer months, making it

commercially desirable at the time when tissues of

Pacific oysters are soft due to mature gametes.

Based on the annual cycle, broodstock conditioning

trials were conducted. Conditioning trials performed at
20C and 24C from January to June showed a problem with

setting success when conditioning was initiated early in
the season, at the same time when hatcheries condition

Pacific oysters for spawning. Conditioned Kumamoto
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oysters spawned and larvae survived to the eyed stage,

but the larvae failed to set.

In an effort to optimize the conditioning
environment, feeding regimes were incorporated with

elevated temperatures. A lipid diet, lipid
microspheres, was developed using simple techniques that

can be readily transferred for commercial use. Feeding

supplemental algae or lipid diets for the broodstock

oysters during conditioning for spawning did not

accelerate gametogenesis; however, fed oysters produced

greater numbers of ova and spat than unfed oysters.

Dietary supplements of algae and lipid did not

affect glycogen, lipid or fatty acid contents of the

broodstock oysters significantly. However, the fatty

acid composition of ova released from fed oysters

exhibited significantly more w3 fatty acids than ova

from unfed broodstock oysters. Greater percentages of

larvae set from eggs from fed oysters than those from

unfed oysters. Fatty acids in the ova are important for

further development and growth of larvae. It is

recommended that broodstock oysters be fed on

supplemental algae or a lipid diet during conditioning

for spawning.
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No significant differences were detected in the
performance of the oysters conditioned for spawning in a

flow-through or a recirculating system. The

recirculating system conserves energy, water and food

compared to that of the flow-through system.

Optimal larval rearing temperature and salinity
were estimated. The best growth and setting occurred at

26C and from 20 to 30016 salinity.

Spat produced during these studies is being used as

Kumamoto oyster broodstock in efforts to save this

subspecies of C. gigas from extinction.
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