
4. Hatchery Seed Production

Many Manila clam growers use hatchery-produced clam seed to supple-
ment inconsistent natural recruitment. This section gives the grower general
information about the hatchery production of Manila clam seed. Growers wish-
ing to gain a more detailed understanding of bivalve hatchery procedures may
refer to Loosanoff and Davis �963!, Price and Mauer �969!, Breese and Malouf
�975!, Dupuy et 8. �977!, Castagna and Kraeuter �981!, Manzi and Castagna
�989!, and Utting and Spencer �991!.

Growers wishing to set up their own remote setting and nursery system
will find the discussion on algal culture, setting, and nursery systems helpful.
Additional information on remote setting and nursery systems is found in Nosho
and Chew �991!.

ALGAL CULTURE

Hatchery production of larval and juvenile bivalves requires a consistent,
reliable supply of high-quality food in the form of algae. This section provides a
brief overview of algae � their growth patterns, culture vessels, and requirements
for nutrients, light, temperature, and salinity. Those wishing more specific
information concerning the daily maintenance and growth of algae cultures can
find it in Guillard �975! and Bourne et A. �989!.

Species and Growth Patterns
Algae suitable for feeding Manila clam larvae are unicellular diatorns,

Chaetocerous calcitrans  CC!, C. muelleri  Chagra!, and Thalassiosi,ra
pseudonana �H!, and a flagellate, Isochrysis aff galbana  Tahitian variety, T-
Iso!. These algae increase by cell division.

When algae are introduced into large seawater containers infused with a
fresh growth medium, they pass through three phases of growth: a lag phase, an
exponential phase, and a stationary phase. The lag phase lasts for only a few
hours as the algal cells absorb nutrients from the growth medium. The exponen-
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tial phase of rapid cell division then begins, and cultures grow to their maximum
cell densities. At this stage, algal cells are healthiest; cultures in this phase are
e to clam larvae and juveniles or are used to start new cultures. In the station-
ary phase, the culture stops growing and dies due to low light penetration and
low nutrient levels.

Batch and Semicontinuous Culture
Algae are grown in both batch and semicontinuous cultures in a variety of

containers. In batch culture  Figure 9!, the entire culture is harvested as it
enters the late exponential phase. Batch cultures are grown in transparent
berglass columns or in open-top fiberglass tanks. In semicontinuous culture,

only a portion of the culture is harvested, then the tank is refilled with sterile,
nutrient-enriched seawater. Semicontinuous cultures are grown in sterile plastic
bags that remain closed to airborne contamination  Figure 10!. They can be

nks used in batch culture.
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Figure 10. Plastic bags, 150gatton capacity, used in semicontinuous culture.

maintained for as long as two months if they are kept free of bacteria  H. Beattie,
WDF, personal communication!.

Stock Cultures
Stock cultures of the algal species are maintained under sterile conditions

in 500 � 1,000 mL flasks and are used for starting new cultures in small 1-gallon
flasks or 5-gallon carboys  Figure 11!. The flasks or carboys in turn are used to
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Figure 11. Flasks and carboys used lor stack cuttures.

start a new chain of transfers to larger containers; intermediate 150-gallon
plastic bags and fiberglass columns, and large 1,000 � 6,500 gallon fiberglass
tanks. To achieve maximum algal growth at each stage in the chain of transfers,
stock cultures must remain clean and be kept at the exponential growth stage.

Starting artd Maintaining Algal Cultures
To start an algal culture, seawater is filtered  <10 p.rn screen! to remove

debris that would i nterfere with light penetration. The seawater is then steril-
ized to kill any bacteria or naturally occurring microalgae that would contami-
nate the culture.

The seawater is next inoculated with nutrients � nitrate, phosphate,
silicate, vitamins, trace metals � and then with a stock culture of algae. Stan-
dard fluorescent bulbs �0 watt!, high-intensity metal halide lamps �00 � 1,000
watt!, and natural sunlight are used for lighting. Artificial lighting supports the
most consistent algal growth,

Compressed air, bubbled into the culture, keeps algal cells suspended and
moving continually past the light source. As the culture grows, it uses up natu-
ral carbon in the seawater. If left alone, the pH  alkalinity! of the culture would
increase to levels that are toxic to algae, To prevent this, carbon dioxide  CO,,! is
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added with the compressed air, so that the algae remain in an optimum pH
range �.~.4! for growth.

The best temperature for algal growth is between 65' and 72' F. Below
65' F, the cultures grow too slowly; above 72 F, the diatoms may die. Most algal
species cultured in hatcheries can adapt to a moderate range of salinities. The
species listed in this section grow best at salinities between 18 and 28 ppt.

Algal Paste and Dried Algae
Several hatcheries centrifuge algal cultures to produce a concentrated

algal paste that can be shipped to growers for feeding newly set clams. Commer-
cially produced dried algal diets  Tetraselmis spp.! have also been used singly
and as a food supplement with algae diets. At least one commercial hatchery
uses dried algae as an ingredient with algal paste to make a concentrated slurry
that can be diluted and fed to juvenile clams. It can be stored under refrigera-
tion for up to a year and still retain its nutritive qualities  J. Donaldson, Coast
Oyster Co., personal communication!. The main benefit of dried algae or algal
paste is that farmers can buy it rather than spend time and money to construct
their own algae system. A listing of suppliers for stock algae cultures and dried
algae is included in Appendix C.

Natural Algae
Natural algae can also be cultured and used as food. In this process,

seawater is filtered to remove large particles  >20 ij.m!, but the seawater is not
sterilized; instead, nutrients are added to promote growth of the natural
microalgae. The method is particularly useful for growers who intend to buy
clmn larvae and raise their own seed, However, because the culture is not
sterilized, it is possible for bacteria or inappropriate species of algae to multiply
rapidly and contaminate the culture. For this reason, natural microalgae should
be grown in batch cultures and not in semicontinuous cultures.

BROODSTOCK CONDITIONING

The gonadal development of adult clams can be controlled by manipulat-
ing the temperature of their ambient water. By exercising such control, hatcher-
ies can condition their broodstock to spawn synchronously on a year-round basis.

For conditioning, the broodstock of adult clams are selected from wild
populations and placed in hatchery conditioning tanks. The time required to
condition clams for spawning depends on their natural gonadal development
cycle. In late spring or early summer, clams are already preparing naturally for
spawning and so less time is required to condition them in the hatchery. In fall
or winter, clams have usually spawned already and are in the process of rebuild-
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ing glycogen  energy! reserves for the following year. Thus, conditioning takes
longer because the process of gonadal development has just begun.

The best temperature for conditioning Manila clams is between 64 and
75 F. Clams will ripen in about 8 weeks at 75' F, but they may spawn too soon
if held long at this temperature, At 64 F, it may take 12 � 15 weeks to condition
clams  Mann 1979!, but the chance of a too early spawning is greatly reduced.
Puget Sound salinities �5 � 30 ppt! are adequate for conditioning Manila clams
 H. Beattie, WDF, personal communication.!

Broodstock are fed a variety of algal diets, usually 3H or Chagra. The
daily ration is the quantity of food that can easily be consumed by the broodstock
within 24 hours. Because food is also a stiinulant for spawning, the ration is
gradually reduced or eliminated as broodstock ripen to prevent premature
spawning.

During conditioning, the stage of gonadal development is checked periodi-
cally by sacrificing clams and examining a small sample of the gonad under a
compound microscope. Gonadal material will flow easily from an incision made
in the gonad of a sexually mature clam, Mature eggs are rounded �5 � 70 pm in
diameter!, with a well-defined membrane, and mature sperm � � 2 Jim! are highly
motile, Broodstock are spawned within two or three weeks of being conditioned
to ensure the highest viability of gametes and good survival of developing larvae.

BROODSTOCK SPAWNING AND LARVAL DEVELOPMENT

The standard method for spawning Manila clains is a sequence of air
exposure, thermal stimulation, and exposure to gonadal products or excess food,
For spawning, clams are removed from the conditioning tanks and allowed to air
dry for a period of 1 � 2 hours. They are inoved to a shallow trough with 74' � 75' F
seawater. An algal suspension is added to initiate feeding. Once the clams are
actively feeding with their siphons fully extended, the temperature of the water
is raised to 85' F . The water temperature is alternately lowered to 72 F and
raised back to 85' F until spawning is initiated, If spawning does not occur, one
or two animals are sacrificed and their gonadal products are added to the water
to stimulate spawning. As spawning begins, male and female clams are placed
in separate containers. After spawning, the eggs are pooled and fertilized at a
ratio of ten sperm to one egg. Then after 10 � 15 minutes, the fertilized eggs are
rinsed free of excess sperm on a 25 pm screen and transferred to rearing tanks
for embryonic development at a density of 5 � 10 eggs per milliliter.

At 68 � 75' F, 70% of the embryos will develop to the swimming veliger
stage within 18-24 hours after fertilization. After embryos are able to swim,
they are siphoned onto screens, rinsed in fresh seawater, and counted. The
larvae are then returned to the rearing tank at a density of 2 per milliliter of
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seawater, Water changes continue every 3 � 4 days throughout the larval period.
During each water change, the larvae are separated into size classes by sieving
through a series of screens  Figure 12!. The smallest, slowest-growing larvae are
discarded; the larger larvae are counted and returned to the rearing tanks. As
the larvae grow, the rearing density is reduced gradually to 1 larva per milliliter
seawater at setting.

The optimum water temperature for rearing Manila clam larvae is 68'�
75' F. Within this temperature range, larvae will metamorphose within 2 or 3
weeks of fertilization.

The diet for larvae changes during their development, Small larvae  <
120 p,m shell length! are fed a mixture of CC and T-Iso ranging from 10,000 to
20,000 algal cells/larva/day. Larvae greater than 120 pm are gradually switched
to a mixed diet of 3H and Chagra. By the time larvae reach setting size, they
may be fed as much as 100,000 algal cells/larva/day. Calculating the ratio as
cells per larva takes into account larval density.

SETTING

Manila clam larvae metamorphose and set over a wide size range �70�
240 pm in shell length! because setting is independent of shell length  Loosanoff

Figure 12. Larval sorting screens.
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et al. 1966!. Increased crawling behavior in 50% or more of the larvae is a good
indicator that metamorphosis is about, to occur. When this activity is observed,
the larvae are drained from the rearing tanks and the largest larvae are sepa-
rated by sieving through a 140 pm screen. Larvae retained on the screen are
then placed into a setting system. Other larvae are returned to the rearing tanks
for further growth and are checked daily for crawling behavior,

Clam larvae set best at temperatures of 67' � 78' F. During summer,
therefore, larvae can usually be set at ambient water temperatures. After set-
ting, the water temperature is held between 72' and 75 F because this tempera-
ture range yields the fastest growth for juvenile clams  Bardach et al, 1972!.

Larvae can be set in recirculating or in flow-through systems, A common
recirculating system consists of two 36 x 24 x 4 inch wood frames, each with a
140 pm mesh screen glued to the bottom. These screens are floated in a 500-
gallon fiberglass tank to which larvae and cultured algae are added, Water is
circulated by an airlift to the top of each screen. I arvae are set at a density of
about 2 million larvae per screen, With this system, the tank water and food are
replenished daily until the larvae complete metamorphosis. The advantage of
r ecirculating systems is that they can be used during cooler months of the year to
conserve heating costs.

In flow-through systems, the setting density can be much higher. As

Figure t3. Downwelling setting system with larvae and ground oyster shell.
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many as 5 million larvae can be set on a circular fiberglass frame screen 36
inches in diameter and 6 inches deep  Figure 13!. Water is added to the top of
the screens to create a downward water flow of about 1.5 gallons per minute.
Five million larvae will cover the surface of the screen in a single layer.

Larvae can be set with or without a substrate. Substrate creates more
surface area for larvae to attach to, but it is not necessary; clams will attach just
as easily to the screen or sides of the setting container. The most common sub-
strate, because of its availability, is ground oyster shell, screened to a slightly
larger size than the larvae �00 pm!, Some hatchery managers believe the
calcium carbonate in the oyster shell stimulates clam settlement, but this opin-
ion has not been tested. Fine sand may also be an appropriate substrate for
setting. Once the larvae reach 500 pm in shell length, juveniles can be screened
from the unused substrate, counted, cleaned, and transferred to larger mesh
screens for nursery grow-out. Survival rates for larvae through metamorphosis
generally range between 25% and 50%.

Like oysters, clam larvae can be shipped to other locations for setting.
The larvae are bundled in mesh screen, wrapped in paper towels, and moistened
with seawater. They are shipped in insulated boxes with gel packs to keep the
temperature at 40 � 50' F, Upon arrival, the larvae are placed in a setting
system. Clam larvae set more slowly than oyster larvae, and buyers can expect
some larvae to crawl and swim for 2 � 3 days before they metamorphose.

During setting, larvae are fed cultured algae or algal paste unless local
waters are rich in natural phytoplankton. Large diatoms such as 3H or Chagra
usually are used as food for setting larvae. As discussed above, centrifuged
algae, dried algae, and mixed algal slurries can be used as a food supplement
with cultured algae,



5. Nursery Systems

Clam nurseries are used for growing newly set seed to an appropriate size
for planting. Nurseries located on naturally productive bays are most ef5cient.
Nurseries are designed to operate with both flow-through and recirculating
water systems. Bay water is pumped into a header tank or reservoir, and this
water is pumped or gravity-fed into the nursery, From the nursery, recirculating
water systems pump the water back into the header tank. A certain portion or
all of the header tank is replenished on a regular basis, In a flow-through sys-
tem, water from the nursery flows back into the bay, The eflluent from nurser-
ies consists of uneaten algal cells and feces. Because this material disperses
easily, no discharge permit is required.

Nurseries can utilize natural phytoplankton production by operating
flow-through seawater systems, During fall and winter, clam growth declines as
water temperature and phytoplankton availability decrease. Flow-through
ambient seawater systems are usually adequate for simply overwintering seed.
However, clams wintering in such systems do not grow, and sometimes they
require extra food to survive. Survival is excellent with supplemental food, but
growth is sporadic. If seed growth is desired, cultured phytoplankton and heated
seawater must be used. Recirculating seawater systems are most economical
when using heated seawater and cultured food. Many nurseries use a combina-
tion of flow-through and recirculating systems throughout the year.

The nursery phase of clam culture can be divided into two stages. In the
primary stage, newly set seed are raised in land-based downwell tanks to about 1
mm in shell length. In the secondary stage, I mm seed are grown to a size of 6 � 8
mm shell length in preparation for grow-out, Land-based upwells, intertidal
trays, floating upwells, and rafts are used at this stage.

PRIMARY STAGE NURSERY

The systems used for setting can also be used as primary nurseries. After
setting, the water flow remains unchanged, entering the screen from above and
flowing through the seed and out the bottom. The best density for seed growth
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and survival is a single layer of seed spread over the surface of the screen.
Recirculating systems do require more labor, as tanks need to be drained and
cleaned every two days to prevent a buildup of high bacteria concentrations. As
the seed grow, they are sieved through 180, 230, 300, 500, and 750 ij.m mesh
screens. Slower-growing clams are routinely thinned out and discarded to make
room for the larger, faster-growing clams. Growing clams are transferred to
larger-mesh screens to facilitate circulation of food and water. Washing screens
daily with fresh seawater keeps the screens clean of feces and uneaten algae.
Floating rafts, circular tanks, and raceways can also serve as primary nursery
systems and are discussed below.

Juveniles should be held on downwellers until they reach 1 mm shell
length. The gills of small clams  <1 mm shell length! are not completely devel-
oped and therefore are unable to filter food efficiently in an upwell system  Reid
1990!. In downwellers, food accumulates on the surface of the screen, where
small clams can scrape it off with their foot  pedal-palp feeding!.

SECONDARY STAGE NURSERY

Upwellers, floating upwellers, and intertidal trays as well as floating
rafts, circular tanks, and raceways are used as secondary nursery systems for
clams larger than 1 mm in length.

In upwell systems, water flows up through the seed held on the screen
 Figure 14!. Seed can be held at high densities in upwells, up to several layers
deep. The water flow should be strong enough to slightly suspend the bed of
seed. Food is filtered from the water as it passes through the seed. As the clams
grow, they may need to be redistributed so that crowding does not hinder growth.
Manzi and Castagna �989! discuss the mechanics of upwell systems and how
flow rates and stocking densities relate to seed production.

The floating upwell system  FLUPSY! is the preferred method for second-
ary stage culture  Figure 15!. With this system, individual upwell units are
connected to a center drain or trough. Water is removed from the drain by an
airM pump or by propellers and is passively replaced through the bottom of the
upweller. In a FLUPSY, the individual upwell units are large, approximately 3
foot square and 3 feet deep, and capable of supporting a seed mass up to 1 foot
deep.

The benefits of a FLUPSY include low maintenance and utilization of
natural phytoplankton blooms. Also, it can be used to overwinter seed safely;
because the seed is floating, predation and freezing are not concerns. However,
it needs to be close to a source of electrical power to drive the pump, and it
requires a higher capital cost than other secondary stage nursery systems,

The intertidal tray method involves holding clam seed in stacked Nestier,
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Figure 14. Upweliers in a trough.

Figure 15. Floating upwell system  Fl UPSYI, showing one chamber being removed.
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or Mexican, trays which are placed on the beach  Figure 16!. The trays are
approximately 2 x 2 feet and are held together in stacks of six or seven by
polypropylene straps that are easy to fasten and unfasten. Various methods are
used to secure the stacks of trays to the beach. Because the trays have large  V4
inch! holes for water circulation, fine mesh window screen or mosquito netting is
glued to the bottom of each tray to hold the seed. As clams grow, they are trans-
ferred to trays with larger mesh to increase the circulation of water between
trays and limit the amount of accumulating detritus. The trays are checked
periodically to remove any crab predators that have settled in the trays and to
thin out clams if they appear to be overcrowded, A volume of 1 quart of seed per
tray is the usual stocking density. The bottom tray is left empty and serves to
support the other trays above the sediment.

Seed should not be held in Nestier trays through the winter because they
would be vulnerable to freezing. The trays can be moved to the lower intertidal
area to limit the effects of freezing. A better system for overwintering Nestier
trays is to secure them in sink floats where clams will not be exposed to freezing
temperatures. Clams can be held on trays until they reach a shell length of 15
mm; after that, they must be transferred to the beach or their shells become
deformed.

Open-ended rafts, which hold a 1-inch layer of sediment on a plywood

Figure 16. Stacks of Nestfer trays on a beach.
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bottom, combine both primary and secondary nursery systems. Clam larvae can
be added to the rafts for setting  W. Taylor, Taylor United Inc,, personal commu-
nication!. The ends of the raft are initially covered with 140 pm mesh screen,
which allows water exchange but retains larvae. Two weeks after setting, the
screens are removed. Seed grow through the summer and winter over in the
rafts, and are planted the following spring. Seed survival is highest if larvae are
set into this system during spring and summer, when phytoplankton production
is high and water temperatures are warmest  Taylor 1990!.

Land-based tanks and raceways can also be used as primary and second-
ary nurseries. A thin layer �-4 inches! of sand is spread over the tank bottom
and interstitial water flow is provided by PVC pipes positioned beneath the sand
substrate. Water entering from the top of the tank provides a horizontal flow.
Larvae can be added at setting, or the tanks can be used to overwinter the 4 � 6
mm seed.


