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introduction

Oyster seed hatcheries are a
reality. An acceptable product
can be produced by known
methods and techniques.

In the past, essentially all oys-
ter seed for the West Coast
Pacific oyster fishery was
imported from Japan. Recent
years, however, have seen
increased use of domestic seed
caught in Pendrill Sound,
Canada, and in Willapa and
Dabob Bays, Washington. Now,
development of oyster seed hatch-
eries in Washington and Califor-
nia has further reduced depend-
ence upon Japanese Pacific oyster
seed.

In the near future the oyster
farmers of western North
America will probably no longer
depend on imported Japanese
seed. The chief West Coast seed
source can be expected to shift�
first to locally caught wild seed,
next to hatchery produced wild
seed, and finally to selectively-
bred hatchery seed,

This manual is intended to pro-
vide guidance in the latter two
phases � both of which involve
artificial seed production by the
emerging oyster seed industry. In
addition to that rather broad
objective, this manual has three
more specific purposes,

First, it will present the "state
of the art" in oyster hatchery
techniques. Many methods pre-
sented in this manual were
d.eveloped at Oregon State
University's Pilot Oyster Hatch-
ery. Virtually all have been
tested there, although a few
examples of techniques used
elsewhere are described that have
not been tested at OBU.

The second objective of this
manual is to present new techni-
ques that have not been rigor-
ously tested anywhere. We will
attempt not only to present the
current status of oyster hatchery
technology, but also to speculate

on future directions and develop-
ments and to discuss how future
advances in technology might be
made.

Third and finally, the manual
will describe a method for
evaluating hatchery efficiency.
Only through continuing apprai-
sal of operating efficiency can
hatchery operators weed out less
efficient methods and further
improve efficient ones. The evalu-
ation method to be described
includes consideration of the
biological, engineering and
economic aspects of oyster seed
production.





hatchery operations,
procedures and

equipment

A general flow chart of the
hatchery system is shown in Fig.
l. Only the major components-
brood stock maintenance and
spawning, larval culture, setting
and cultch preparation and algal
culture � are shown, These four
subsystems are essential to any
oyster seed operation.

The floor plan for the pilot
hatchery is shown in Fig. 2. The
figure merely indicates the loca-
tion of the various subsystems in
the pilot hatchery; it is not
intended as a guide for hatchery
construction. The characteristics
of each hatchery site dictate its
unique floor plan. At each loca-
tion the components have to fit

Fig. h. General flow chart

together; they shouldn't be forced.
In practice it is not possible to

separate the four hatchery sub-
systems. All subsystetns � from
broodstock maintenance and
spawning to algal culture � must
mesh together, The two major
biological systems � larval
growth and algae production�
must be kept at their peaks at the
same time. This synchronization
is the key to a successful oyster
seed hatchery.

WATER SUPPLY. Oyster seed
hatcheries are similar to fish
hatcheries in that water supply is
of prime importance in site loca-
tion. Water for the hatchery
should have a salinity higher



Fig. 2. Floor plan

than 20 parts per thousand Some
water storage may be necessary
to provide for short periods of low
ambient salinity.

Water temperatures should not
exceed 20 C. Primary settling of
solids is desirable and sand filter-
ing xnay be necessary. Special
water treatments required for
various subsystems will be dis-
cussed later.

The saltwater should be trans-
ferred and stored in non-toxic
plastic containers. When in
doubt, questionable materials
should be tested against
embryonic development of the
oyster following accepted bioas-
say procedures.a

Broodetock Maintenance end
Spawninl

The brood stock maintenance
and spawning subsystem is diag-
rammed in Fig. 3. It shows the
role of the adult oyster in the
hatchery systexn, In general
terms, adults are taken from the

Procedures to be fosowed in s bioessay are
described in R.E. Dtmick end W.P. Braces.
1965. Bay mussel embryo bioassay. Pages 166.
176 in Proceedings ot the 12th Pacific North-
west industrial Waste Conference. ltmvereity
of Washington Press. Seattle

field and returned to the field,
less mortalities and those sac-
rificed for gametes.

SELECTION OF ADULTS. In
the Pacific Northwest, the Pacific
oyster may be induced to spawn
and viable gametes xnay be
obtained at, any tixne during the
year. Year-round spawning is
possible because the Pacific oys-
ter norxnally does not completely
spawn out in all Pacific North-
west estuarine areas, generally
too cool to induce coxnplete
spawxurlg.

To insure a supply of spawners,
300 or 400 oysters should be
moved to cool seawater  normally
an area of direct ocean influence!.
Spawners should possess a suit-
able level of "fatness," or stored
glycogen. During the four to eight
weeks that the adults are in con-
ditioning trays, they receive little
if any food and must rely on
stored reserves.

CONDITIONING. Bi-monthly,
50 "fat" oysters are placed in the
hatchery conditioning trays.
These are flow-through aquaria
using unfiltered seawater heated
to a texnperature of 18-20 C. Dur-
ing a four-week period the
gametes in these adult oysters

will mature and the adults will
grow ready for induced spawning.
These adults will be prime for
induced spawning for the follow-
ing two weeks. They may be
retaixted an additional two weeks .
to assure a source of conditioned
oysters in the event that problexns
occur with a sufxteeding group.

Possible problems may include
a failure of the oysters to reach
spawning condition or a complete
spawn-out during the initial four-
week conditioning period. It is
always wise to have more con-
ditioned adults on hand than are
actually needed to supply
gametes for the hatchery.

After two months in the hatch-
ery surviving adults may be
returned to the oyster beds in the
field. They should not be reused
for at least six xnonths. Spawned
adults would not normally be
reused at all for producing wild
hatchery seed. In a breeding prog-
raxn, however, spawners shouM
be marked and detailed records
kept so that desirable brood stock
can be re-spawned to improve the
strain of hatchery produced seed.
The records should include data
abo~t fecundity as well as larval
survival and growth rates.



Larval Culture

Fig. 3. Brood stock subsystem

INITIATING SPAWNING,
Spawning is generally induced in
conditioned oysters by rnanipulat-
ing water temperature. Con-
ditioned adults are placed in
aquaria with recirculating seawa-
ter. Water temperature is raised
first to 25 C and then to 30 C over
a half-hour period. The ternpera-
ture is then allowed to fluctuate
between 25 C and 30 C, This
texnperature manipulation may
initiate spawning of one or both
sexes. If spawning does not occur,
the aquaria may be drained, left
empty for a few minutes, and
then refilled with heated seawa-
ter. Although the biological basis
for it is not clear, this technique
seems to stimulate pumping and
occasionally spawning by the
oysters,

If temperature manipulation
does not initiate spawning, sex
products  either eggs or sperm!
should be added to the water.
There appears to be a hormone
released by spawning oysters that
stixnulates other adults to spawn.
This hormone has not been iden-
tified, but it is the basis for
stimulating spawning with
gametes.

The sex products used to stimu-

late spawning can be obtained in
any one of several ways. If one or
more oysters spawn by tempera-
ture stimulation, they are iso-
lated in small aquaria to collect
sex products. These gametes may
then be used to induce other
adults to spawn, If no adults
spawn in this fashion, a con-
ditioned adult may be sacrificed
to obtain gametes to stimulate
other conditioned adults, Alterna-
tively, excess gametes may be fro-
zen and stored for future use as a
spawning inducement.

If the adult oysters have been
properly conditioned, these
techniques nearly always induce
spawning, On rare occasions
when spawning does not occur,
the procedure should be repeated
the following day.

FKRTILIZATION, Unless rnat-
ing specific individuals, eggs
froxn at least two females should
be mixed. Fertilization takes
place by mixing sperm and eggs
in the ratio of 2-4 ml of dense
sperm suspension to 4 liters of
egg suspension  approximately
one million eggs!, Care should be
taken to avoid adding too much
sperxn to the egg suspension. The
presence of excess sperm can

result in a condition known as
polysperrny, which leads to abnor-
mal exnbryonic developxnent and
poor survival.

The fertilized eggs should be
passed through an 80 xnicron
screen to rexnove excess debris.
The eggs are afterwards diluted
with a known voluxne of saltwater
and a sample of known volume is
withdrawn with a pipette. The
eggs are counted and an estixnate
is made of the total egg count,

An example may make the
sampling procedure clearer: An
unknown number of eggs are
diluted to 10 liters. After agita-
tion to insure equal distribution
of the eggs, a 1 ml sample is
withdrawn and further diluted to
100 ml. This subsample is agi-
tated and a 1 xnl sample is
withdrawn and put in a small
dish. The eggs in this sample are
counted using a dissecting micro-
scope. Three or more samples are
counted and averaged. The aver-
age count is multiplied by 1 x 10'
to obtain the total number of eggs
or by 100 to find the number of
eggs per milliliter.

Oyster larvae may also be
counted by this method. The sec-
ond dilution may not be neces-
sary. If not, multiply by 1 x 10' to
obtain the total population.

After counting, the fertilized
eggs should be diluted to not more
than 200 eggs per milliliter and
allowed to develop for 24 hours at
25 C.

After enough gametes have
been collect,ed and fertilized, the
adult oysters should be placed in
cold running seawater. This will
usually end the spawning
response, although some indi-
viduals will occasionally continue
spawning until completely spent.

Twexxty four hours after fertili-
zation, when held at a tempera-
ture of 25 C, the fertilized eggs
will have developed into swim-
ming, straight-hinged veligers
ready to feed. These larvae now
enter the larval rearing subeys-
tern  Fig. 4! and must be provided
with cultured algae.

The tanks commonly used for
rearing the larvae through the
free swimming stage are rela-
tively large, at least 500 liters.
Exact tank size will be dictated by
the individual goals of each
hatchery.
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Fig. 4. Larval rearing subsystem

DAY-OLD LARVAE. The 24-
hour-old veligers measure about
75 to 80 microns. They will be
retained when washed onto a 40
micron screen; unfertilized eggs
and xnalformed larvae will pass
through and can be discarded.
The larvae retained on the screen
shouM be resuspended in a known
valuxne of water, usually about 10
liters. While the water is stirred
to keep the larvae suspend.ed, a
sample is drawn out with a
pipet,te. The larvae should be
counted to provide an estixnate of
their total nuxnbers. The larvae
are then placed in the rearing
tanks at a concentration of about
10 larvae per xnilliliter.

Even though shelled larvae are
relatively hardy, some precaut-
ionss are necessary. Care should
be taken that they are not left on
the screen to air dry more than
3045 minutes, They should not
be left at high larval concentra-
tions during counting for more

than 30 xninutes. They should nat
be exposed to temperatures less
than 20 C nor exceeding 30 C.

WATER SUPPLY. The water
used for larval rearing is sand fil-
tered to remove organisms and
particles larger than 5 microns.
The filtered water is next passed
through an ultraviolet sterilizing
unit. The UV sterilizer should kill
mast of the organisms that were
not removed by the filter. The
texnperature of the rearing water
should be 25 C and the salinity
should be between 25-30 parts per
thousand. Rather heavy aeration
should be provided so that water
circulation is maintained. This
provides oxygen for the larvae,
drives off volatile waste products
and insures the mixing necessary
to bring the larvae and algae into
frequent contact so feeding can
proceed.

The rearing water is changed at
least once each week  some hatch-
eries change water two or three

times each week depending on
local conditions!. The water is
changed by draining the tank
through a sieve, which retains the
larvae but passes through waste
products, dead algae and debris.
The larvae are then resuspended
in clean rearing water.

During the water change, the
larvae can be counted and mea-
sured. The concentrated larvae
can be sampled for counting and a
sub-sample may be xneasured
with the aid of a xnicroscope.
These xneasurexnents will give
information about the growth and
survxval of the larvae,

Soxne hatcheries use the water
change as an opportunity to dis-
card sxnall, slow-growing larvae.
They pass the larvae through a
series af different sized screens,
discard the small larvae and keep
only the large, fast-growing
larvae.

ANTIBIOTICS, Prophylactic



Fig. 5. Larval setting subsystem

antxbiotics are occasionally added
to the rearing water as a precau-
tion. Commercial sulfamethazine
 Sulmete! may be added at a con-
centration of 50 parts per million.
This dosage is repeated at each
water change.

It should be noted that the
necessity, and perhaps the desira-
bility, of the use of antibiotics in
commercial oyster hatcheries is
open to debate and may be
restricted by the U.S. Food and
Drug Administration.

FEEDING. The straight-
hinged veliger larvae are now
suspended in the rearing tank
and must be provided food. Cul-
tured algae  see section on algal
culture! are introduced to the
rearing tank in numbers suffi-
cient to attain a concentration of
30,000 algal cells per xnilhliter of
water. For the first week, the lar-
vae are fed once daily at this con-
centration.

Algal cell count is increased to
50,000 cells per milliliter during
the second week and increased
further to 80,000 cells per millili-
ter for the third week. Larvae are

fed these algal concentrations
twice a day during the second and
third weeks. Experience will
make it possible to use the color of
the larval rearing water as an
indicator of low food concentra-
tion in the rearing tanks.

PREPARATION FOR SET-
TING. When the larvae are 20
days old they should measure 250
to 300 microns in length and will
be approaching setting size. Lar-
vae of this size develop a distinc-
tive pigment or "eye" spot a few
days prior to setting. At this time,
two or three clean oyster shells
are placed near the bottom of the
rearing tank. Each day, these
shells are inspected for newly set-
tled spat. When about 50 spat are
observed, it is time to transfer the
larvae to the setting tanks.

Larval Setting
The larval setting period begins

with the attachment of the larvae
to a cultch material and extends
through metamorphosis from
free-swimming larvae to seden-
tary spat  or seed! and a subse-
quent growth period until the

spat finally leaves the hatchery
as oyster seed  Fig. 5!. The setting
subsystem requires the input of
algae, advanced larvae and cultch
material.

CULTCH. Cultch is any mate-
rial placed in the water to provide
a substrate for larval attachment
and metamorphosis. Cultch mate-
rial may vary from oyster and
other molluscan shells to artifi-
cially produced surfaces of plas-
tic. Cultch must be acceptable to
the larvae, free of contamination
and, of course, must be non-toxic.

In the northwestern United
States cultch material consists
mainly of oyster shell. When oys-
ter shell is used for hatchery
cultch, it xnust be air cured to
remove oyster tissue and fouling
organisxns. Then it xnust be
thoroughly cleaned before place-
xnent in the setting tanks. The
use of improperly prepared cultch
will cause a poor set at best. More
probably it will result in complete
mortality of the larvae.

CULTCHLESS SEED, So-
called cultchless seed is popular
in California and France. Cultch-
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less seed is spat that has first set
normally, but has been subse-
quently removed from the cultch
material. One method of produc-
ing cultchless seed involves using
a flexible sheet of smooth plastic
for cultch. Soon after setting, the
seed is popped off by bending the
flat plastic sheet.

An alternative xnethod involves
the use of small shell fragxnents
for cultch so each piece has only
one or two spat attached to it.
Cultchless seed is cheaper to
transport and, of course, virtually
eliminates cultch handling in the
hatchery; but it does require xnore
effort when it is first transferred
to the fie!d. Cultchless seed
requires extra care until the seed
grows to about one inch in
diameter.

SETTING CONDITIONS.
When the larvae are transferred
to the setting tanks, the desired
cultch material is added, It may
consist of plastic bushel baskets
filled with clean oyster shell or
thin sheets of plastic 'for cultch-
less seed production,

The water texnperature is
increased froxn 25 C to 30 C. Algal
cell concentration is established

Fig. 6. Algal culture subsystem

at 80,000 cells per xnilliliter and
maintained there by feeding
algae twice a day. This feeding
schedule continues until one
week after setting. Feeding can
then be increased to between
100,000 and 150,000 cells per mil-
liliter per day. Other tank condi-
tions are the same as those used
in rearing the larvae.

The length of time the seed
rexnains in the hatchery after set-
ting depends on space availabil-
ity, the destination of the seed
and the time of the year. In any
case, prior to any move the water
temperature should be changed
gradually to avoid a texnperature
shock to the spat. In the warxner
spring and summer months,
younger and sxnaller spat can be
planted in the field soon.er than
would be advisable during the
winter xnonths, when the
estuaries xnay contain cold, low
salinity water.

Algal Culture
The production of large quan-

tities of algae suitable for feeding
oyster larvae ie essential to any
successful oyster seed hatchery,
The diagram for this subsystem is
found in Fig. 6.

Many species of algae are cul-
tured as food organisms for oyster
larvae. Among the roost common
are Monochrysis Iutheri and Isoc-
hrysis galbana. Pure algal cul-
tures of these and other species
xnay be purchased from Indiana
University in Bloomington.  For
further information, contact the
Departxnent of Botany, Indiana
University, Bloomington,
Indiana, 47401.! To be acceptable
as food, the unicellular algae
xnust be less than 6 xnicrons in
diameter for young larvae and up
to 10 microns for older larvae.
The larvae xnust be able to ingest
the algae and obtain necessary
nutrients. The growth and survi-
val rates of larvae are the xnost
meaningful criteria for judging a
particular species of algae or
xnethod of algal culture.

CULTURE TYPES. Various
xnethods have been devised for
culturing algae; three will be dis-
cussed here. Many xnethods pro-
duce an acceptable product, but
quantity and quality often vary.

The batch method is used in the
majority of oyster seed hatch-
eries. This techxxique produces
large quantities of algae.



Stock SolutionFormulaNutrient

150 gm/I

10 gm/I
1. sodium nitrate, granular, refined

2. sodium phosphate, monobasic,
certified

NaNO,

NaH,PO, ~ H.O

3. trace metals'
cupric sulfate
zinc sulphate
cobalt  II! chloride
manganese dichloride
sodium molybdate

4. vitamins
biotin-crystal/ine
vitamin 8-12 crystalline
thiamine hydrochloride

1.96 gm/l
4.40 gm/I
2.00 gm/I

36,00 gm/I
1.26 gm/1

CuSO, ~ 6H,O
Zn SO4 ~ 7HsO
CoCI, ~ 6H,,O
MnCI. 4H,O
Na,, MoO ~ 2H,,O

1 mg/l
1 rng/I

200 mg/I

x The concentrations of the trace metals given in the table are for the 5 primary solutions. The single secondary trace
metal solution is made by mixing 1 ml of each primary solution plus 10 gm of ferric sequestrene and filiing to 1 liter.

Table 1. Nutrient solutions in algal culture, after Matthisssen and Toner. Taken from "Possible methods of improving
the shellfish industry of Martha's Vineyard, Duke's County, Massachusetts," by G. C. Mattniessen and
R. C. Toner, f966. Marine Research Foundation, Edgartown, MA.

solutions. All solutions are pre-
pared in convenient axnounts
using distilled water and then
autoclaved. One xnilliliter of each
of the four solutions is added to
each liter of f inal culture
medium.

The 18-liter vessels �-gallon
carboys! are filled with about 16
liters of sand-filtered, UV-treated
water along with 50 ml of com-
bined stock nutrient solutions
and the contents of one of the 2-
liter flasks of algae. The carboys
are placed under the light banks
and vigorously aerated from a fil-
tered air source.

NUTRIKNTS. Regardless of
the culture xnethod employed, the
nutrient solutions used to feed
the algae are roughly the saxne.
Only relatively minor variations
in particular ingredients are
found from one laboratory to
another. Table 1 lists the nut-
rients for the four necessary stock

The 500-liter tanks are filled
with filtered seawater that is
sterilized in the following man-
ner. The seawater is first chlori-
nated by the addition of sodium
hypochlorf te  commercial
strength bleach! in quantities
sufficient to produce a free
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However, since the condition and
age of the cultures change daily,
quality will also vary. Batch cul-
tures, usually open to the air, are
also subject to contamination,
which soxnetimes results in poor
food quality or loss of the culture.

Chemostats or continuous algal
cultures, on the other hand, can
produce large quantities of high
quality algal cells all of basically
the same age and can do so undex'
sterile conditions. This is an ideal
xnethod but for one drawback � it
usually does not work  for reasons
discussed below!. Research in
chemostat culture is continuing,
however, since its potential
advantages are considerable.

The third algal culture xnethod
is dilution or "semi-continuous"
culture. This technique is essen-
tially a compromise between
batch and continuous culture.

BATCH CULTURK. The batch
culture technique outlined below
uses four culture vessels of diffe-
rent sizes: 250-ml, 2-liter, 1S-liter
and 600-liter. These sizes are well
suited to the OSU Pilot Oyster
Hatchery, but culture volume
xnay vary considerably in com-
mercial hatcheries � vessels may
be 5,000-liter or larger.

In the pilot hatchery, the light
source is a series of four-tube
fluorescent units with 40-watt
"cool white" tubes. For the sxnal-
ler vessels the lights are
positioned about 24 inches above
the cultures. In the 500-liter
tanks the lights are placed about
6-8 inches above the surface.
These lights provide approxi-
mately 300 foot-candles of light
over the surface of the shallow
cultures, 550 foot-candles over
the surface of the carboys and 660
foot-candles over the surface of
the 500-liter tanks.

The 260-xnl and 2-liter flasks
are filled with 200 ml and 1.5
liters of nutrient solution, respec-
tively, and autoclaved. Pure cul-
tures are maintained in the 250-
ml flasks on an orbital shaker
table, The contents of one 250-ml
flask is used to inoculate four 2-
liter flasks. The 2-liter flasks are
also maintained on a shaker
table. We have found the shaker
tables to be convenient and use-
ful, but they are not essential and
are generally not used by coxn-
mercial hatcheries.



chlorine concentration of about 5
parts per xnillion. The chlorinated
water is then allowed to stand at
least overxxight in a 500-liter stor-
age tank. Finally, the water is
dechlorinated by passing it
through 2 cubic feet of activated
charcoal as it flows into an algal
culture tank at a rate of about 3-4
liters per minute, Two liters of
combined nutrients and the con-
tents of one or two 18-liter car-
boys are finally added to the cul-
ture tank, The larger the
inoculum, the sooner a feeding
density is reached in the algae
tanks. The water is vigorously
aerated, which prevents settling
of the algae and rolls it up to the
lighted surface,

It takes about a week at each of
the four steps for the algae to
reach an acceptable concentra-
tion. Cell density can usually be
estixnated by color in the first
three sizes of culture vessels,
since a certain axnount of latitude
is permissible, In the 500-liter
tank, however, the algal density
should exceed one million cells
per milliliter and should be
known relatively precisely.
Experienced operators may be
able to feed algae by estimating
cell concentration in the 500-liter
tank by appearance. This is not as
easy as it may seem, however,
and it could result either in
wasteful and harmful overfeed-
ing or in inadequate feeding.

The most reliable method for
counting algae employs an elec-
tronic particle counter. Such
instruments are essential for
research, but are too expensive,
and in fact unnecessary, for nor-
mal commercial applications. A
satisfactory comxnercial method
is based on the use of a simple
photometer.

An optical density vs. cell con-
centration curve is developed by

calibrating the photometer read-
ings  optical density! against
readings froxn a borrowed particle
counter  cell concentration!. The
particle counter may be any
instrument like a hemocytometer
or Coulter Counter, The photome-
ter can thereafter be used to esti-
mate algae cell numbers rapidly
and accurately by deterxnining
optical density and referring to
the previously-developed curve.
 See Fig. 10,!

It is wise to always have more
cultures on hand than necessary
for feeding. Occasionally a cul-
ture will be lost and extra
inoculuxn will be needed to catch
up. The key to a successful hatch-
ery, again, is to keep the two
biological systems � algae and
oyster larvae � at their peaks at
the same tixne.

CONTINUOUS-FLOW CUL-
TURE. Chemostats, or con-
tinuous-flow algae culture sys-
tems, are considerably more dif-
ficult to maintain than batch cul-
ture systems. As in the batch sys-
tem, the pure stock cultures to be
used with the chemostats are
maintained in 250-ml flasks and
the inoculating culture is a 2-liter
flask. The chemostat culture
itself is maintained in a chamber
such as a 5-gallon Pyrex carboy,
Larvae are fed with algae pro-
duced by the chemostat culture
and no larger cultures are needed.

The chemostat system requires
that certain methods be
developed and carefully applied,
Aseptic methods for injecting air
and for carefully metering nut-
rients and water into the chamber
are required. A simple, reliable
system for continuously removing
algae from the chemostat is also
necessary.

To start the chemostat systexn,
inoculate the chamber and allow

the algae to increase in density
under relatively static water con-
ditions until the desired cell
density is reached. Then initiate a
flow of nutrient-enriched sterile
seawater such that the exchange
rate equals the cell division rate
as closely as possible.

This equalization should
stabilize the algal population in
the culture. Theoretically, cell
numbers can also be controlled by
limiting one of the nutrients or by
regulating pH, light or tempera-
ture; but control by flow-rate
regulation seems to be the most
practical,

This system will produce
uniform quality algae of a consis-
tent age class in large quantities.
Clearly, the main problems with
this system are balancing flow
with cell division and maintain-
ing sterility. Chexnostat culture
currently lacks the reliability
demanded by comxnercial applica-
tion. Hut the advantages of pro-
ducing relatively large quantities
of high quality algae in a small
system demand further study.

SEMI-CONTiNUOUS CULT-
UREK. The third basic system of
algal culture, the sexni-
continuous method, involves
periodic, rather than continuous,
harvest and dklution, In this sys-
tem the algae is cultured in a
sterile chamber until a harvest-
able density is attained. Half  or
some other suitable fraction! of
the culture is siphoned off for use
in larval culture. The chamber is
then refilled with sterile water
and nutrients. The algae in the
growth chamber return to har-
vestable density due to the high
concentration of inoculum. This
system works quite weII f or
limited production but is difficult
to maintain for large scale opera-
tions.
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During the course of research
on bivalve hatcheries some gen-
eral xnethods and techniques have
evolved that can spell the differ-
ence between success and failure.
Soxne of these are explained
below,

Of utmost importance in day-
to-day operations is attention to
detail, Changes in routine proce-
dures should only be made after
they have been tested under con-
trolled conditions. Unproven
techniques may result in failures
that will be difficult to trace and
correct.

CONSTRUCTION MATE-
MALS. Avoid untested materials.
Outward appearance does not
reveal toxic potential. Advertised
toxicity clearance by federal
agencies does not have any par-
ticular meanixxg for applications
in marine invertebrate culture.
Many substances and materials
which are harxnless to humans
are extrexnely toxic to oyster
larvae.

The best method available for
testing these materials is a con-
trolled bioassay, Larvae are
developed from the egg to the
straight-hinged veliger in the
presence of the material in ques-
tion. Larval development in the
test group is then compared with
larval development in a control
group raised in an aquariuxn
which does not contain the mate-
rial. Materials that have not been
pretested are to be avoided at all
tixnes.

Generally preferred xnaterials
for use in oyster hatcheries are
glass and plastics. Heat resistant
glass and soft glass have proven
to be non-toxic. Plastics vary in
toxicity: cured fiberglass, plexig-
lass, polyethylene and polyvinyl
chloride  PVC! are usually non-
toxic, but should be tested by
bioassay with oyster larvae. The
only Tygone tubing formulation
found non-toxic is R3603. All

plastic tubing should be tested.
All metals are suspect and should
be avoided if possible. Titaniuxn
and stainless steel 316 may be
used in small amounts if abso-
lutely necessary, If metal pump
parts cannot be avoided, use
stainless steel 316 or cast iron.
Metal should be coated with a
tested epoxy paint wherever poss-
ible.

O'ATER TEMPERATURE.
Seawater temperature must be
controlled for some hatchery
activities The conditioning of the
brood oysters, for example,
requires a continuous flow of sea-
water at 18-20 C. This tempera-
ture can be maintained by using
Vycor ixnxnersion heaters with
adequate thermoregulation.
Quartz, Pyrex and other glass
heaters have provexx inadequate;
xnetal immersion heaters are
invariably toxic

The use of heat exchangers
made of heat resistant glass is
another excellent way to control
water texnperature, The seawater
can be either heated or cooled
when using heat exchangers.

Temperatures of standing
water in rearing tanks can be con-
trolled either with immersion
heaters or by controlling the
temperature of the room and
allowing the water temperature
to equalize with it. When the
water in open tanks is heated to
temperatures above ambient air
temperature, the humidity in the
rooxn will be higher than when
the air is heated. Increased
humidity will in turn increase the
chances of mildew and corrosion.

AIR SUPPLY. Coxnpressed air
is needed in both algal- and lar-
val-rearing subsystexns. The pre-
ssure need not be high �5-20
pounds per square inch!, but the
air must be free of contaminants.
Oil lubricated piston compressors
deliver unclean air. Water lubri-
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Fig. 7. Air supply system

cated compressors deliver satis-
factory air but it is usually too
moist.

An air dryer connected with a
water lubricated compressor pro-
vides air suitable for larval rear-
ing. This air should be filtered
through a 0.25 micron filter for
use in algal culture to prevent
contamination from bacteria, pro-
tozoans and unwanted algae. A
schematic diagram of the pilot
hatchery air supply system is
shown in Fig. 7.

SCREENS. Manufactured
stainless steel screens with vari-
Ous mesh sizes can be purchased
to handle larvae, Stainless steel
screens are expensive, however,
and serviceable screens can be
made out of 4-8 inch PVC pipe.

A section of pipe 6-8 inches long
is cut in two, a sheet of Nitexe
plastic cloth inserted and the ends
glued to reform the short section
 see Fig. 8!. Nitexe can be purch-
ased in a variety of mesh sizes to
construct all necessary screens.

CLEANLINESS. Cleanliness is
very important in any hatchery
operation. Oysters are no excep-
tion.

The worker must be clean,
especially his hands, Hand prepa-
rations should not be used,

Small utensils should be
sterilized in chlorine water baths.
Those used in algal culture
should be kept in a chlorine bath
when not in use. Rearing contain-
ers should be clean and allowed to

stand overnight filled with chlori-
nated water or at least flushed
with chlorinated water, Glass-
ware for algal culture should be
autoclaved.

Sponges, brushes and other
cleaning aids should be marked
and used fox' one operation only.
For instance, a sponge used to
clean algal tanks should not be
used to clean larval tanks. Inad-
vertent contamination is a com-
mon cause of culture failure.

WATER SUPPLY, Saltwater is
supplied to the hatchery in PVC
pipes. Raw, non-filtered seawater
should be available continuously,
either directly from the bay or
from a large storage tank. This
unfiltered water can be used for
adult oysters as well as for the
advanced spat.

Culture water should be sand
filtered to remove organisms and
particles larger than a few mic-
rons, Subsequent UV-light treat-
ment will kill or attenuate most
remaining organisms. The water
can thereafter be stored for use in
the larval cultures or further
treated for use in algal cultures.
The pilot hatchery water system
is diagrammed in Fig. 9.

ESTIMATING POPULATION
SIZES. Samphng to determine
numbers of eggs, larvae and algae
is essential to the hatchery sys-
tem. It allows larval populations
to be controlled in the rearing
containers and algae to be fed

according to plan.
To take an egg or larval sam-

ple, the solution should be agi-
tated with a perforated plexiglass
plunger. A sample of known
volume is withdrawn quickly
with an automatic pxpette. The
entire sample is counted using a
compound microscope. If the
numbers in the sample are too
high for accurate counting,
further dilution will be necessary,

Once the sample size and
number of eggs or larvae are
known, all necessary calculations
can be made. The total population
can be estixnated or the dilution
necessary to achieve a given con-
centration in an aquarium can be
determined.

Algal cell numbers can best be
estimated froxn a standard curve.
The curve should plot cell num-
bers per milliliter against optical
density  also called absorbance!.
The light reading is taken with a
photoxneter. The curve should ini-
tially be established using a par-
ticle munter to enuxnerate sub-
samples of dense algal culture.
Separate curves will be needed
for different algal species. A sam-
ple calibration curve is shown in
Fig. 10.

TIME SCHEDULE; A suxn-
rnary of culture densities and
feeding regimins for each of the
oyster larval stages is given in
Table 2. The typical time
schedule for a brood of larvae is
shown below.



Fig. 8. Home-made screen

Fig. 9, Water supply
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Table 2. Size and survival of larvae under optirnurn conditions.
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Day 0: Fill storage tanks; chlori-
nate rearing tanks for larvae.

Day 1: Spawn oysters; put
embryos in clean tanks.

Day 2: Examine larvae, If shelled
up, screen out larvae, count and
distribute to tanks. Add Sul-
met+ and food.

Day 2-7: Feed larvae 30,000
cells/ml each day,

Day 7; Change water on larvae.
Begin feeding 50,000 cells/ml

twice each day. Count larvae
and record survival.

Day 14: Change water on larvae.
Count and record numbers.
Begin feeding 80,000 cells/ml
twice each day.

Day 21: Change water on larvae.
Count and record numbers. Put
test cultch in tanks, Fill one set-
ting tank for every 1 x 10' lar-
vae and bring to 30 C. Have
plenty of clean cultch ready.

Setting begins on test cultch:
Drain out larvae, put in setting
tanks, add cultch. Start new
brood.

Two weeks after setting: In sum-
mer, spat may be moved to hold-
ing pond. In winter, hold the
spat in hatchery until the set-
ting tanks are needed for the
next brood.
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An oyster hatchery, like any
other business, should be con-
stantly evaluated for best uae of
effort, equipxnent and space,

The method to be described
should provide a xneans of
optimizing biological reliability
and procedural efficiency in
hatchery operation and manage-
xnent. The key to optixnization lies
in periodically reviewing the
biological and procedural data,
identifying problem areas and
making selected changes in
operating routines to solve the
problems. After operating accord-
ing to the altered routine for a
period of time, the resulting data
should be reviewed to judge the
effectiveness of the change. This
evaluation procedure should be
an integral part of the hatchery
routine. Continual improvexnenta
must be made to optixnize produc-
tivity.

HATCHERY ROUTINES. The
evaluatioxx operates in a cyclic
manner, Periodic review encour-
ages implexnentation of carefully-
considered changes in the operat-
ing routine  Fig. Il!. The routine
should be established with a daily
schedule of duties accompanied
by a thorough description of each
task.

Operation of the hatchery is
broken down into units of work,
or tasks. Each task shouM be
defined in such a way that tixne
expended on it can be identified
exclusively with that task. A
daily record is kept of tixnes spent
on each task Table 3 shows a
hypothetical breakdown of the
proportion of time expended on
various tasks. The table is xneant
only aa a guide to show how a
technician's tixne may be
recorded; actual tixnes will vary
axnong workers and hatcheries. If
excessive time is indicated,
techniques should be stream-
lined.

BIOLOGICAL RECORDS.
Biological records should be kept
regarding such items as spawning
success, algal culture cell
densities, larval gx'owth and sur-
vival, and setting success.
Records of oyster production
should start with adult selection,
conditioning history, spawning,
larval rearing, continue through
setting and eventually inc!ude
growth and survival in the field
and yield u.pon harvest.

Consistently poor results at one
stage xnay be caused by problems
earlier in the life history. For
instance, inadequate conditioning
time of adult oysters may result
in good spawning success as xnea-
sured by numbers of eggs, but
eventually lead to poor survival
of the veliger larvae.

In algal production, contaxnina-
tion is the worst problexn. Records
of algal production shouM clearly
show techniques used and any
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variations in routine procedures.
This information, alongside
records of algal successes and fai-
lures, should point up possible
causes of any problems that arise.

PERIODIC REVIEW. Periodic
review sessions should be con-
ducted. At this time all records
should be examined to see if the
process is running smoothly and
to see if problems are surfacing.

The goal of any commercial
hatchery is to produce a high
quality product at the least poss-
ible cost, This can only be done in
a well-managed hatchery. For
instance, if algal culture failures
are unusually frequent, the labor
of algal production will be corres-
pondingly high. This should
result in the use of revised techni-
ques designed to reduce failures.
As time passes, production should
become increasingly efficient.

The hatchery size and produc-
tion goal  in terms of quantity of
seed produced per unit time! will
influence the efficiency of the
operation. Some tasks, such as
maintaining pure cultures of
algae and spawning adults, will
not increase proportionately with
production. Other tasks, such as
cleaning cultch and feeding lar-
vae, will increase as seed produc-
tion increases. The optimum
hatchery size is not yet known.

Table 3. Average man-hour expenditure for hatchery production of
oyster seed.
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Summary of oyster larval stages, culture densities and feeding regimens.

SIZE FOODSTAGE AGE

55 microns0-24 hrs. 100/rnl none

75-120 mlcrons 10/rnl

7-14 days 130-200 mlcrons 5-10/mi

later veliger

200400 microns14-21 days 5/ml

"eyed" veliger

21 days

young spat

"D" or "straight
hinge" veHger

* 8ased on uss of Isochrysis galbrrrre or mooochrysis iurheri

Up to
about
4 mm

CULTURE
DENSITY

30,000 cells/ml
once daily

50,000 cells/rnl
twice daily

80,000 cells/rnl
twice dally

100.000 cells/ml
once daily


