
1. Introduction

The Manila or Japanese littleneck clam,Venerupisjaponica  Deshayes!,
was accidentally introduced into Puget Sound during the 1930s and 1940s with
shipments of Pacific oyster seed from Japan  Chew 1989; Quayle 1938, 1988!.
Since its introduction, the clam has become established throughout the Puget
Sound region  Figure 1!; many small clam farms now harvest Manila clams on
the beaches of the sound, as well as in Hood Canal, Sequim Bay, Discovery Bay,
Willapa Bay, and Grays Harbor. It is the area's most important steamer clam
both in aquaculture and in recreational fisheries. The Washington Department
of Fisheries has estimated that 3.4 million pounds of Manila clams were har-
vested commercially in Washington in 1990. Even if present production were
doubled it would not meet current market needs  W. Taylor, Taylor United, Inc.,
personal communication!.

The culture of Manila clams helps to meet increasing market demands by
supplementing supply of wild stocks. Culture includes the planting, cultivation,
and harvest of natural or hatchery-produced clam seed for personal use or for
sale. Seeding clam beds ensures that there is a consistent supply, without the
low abundances in some year classes that commonly occur with natural produc-
tion. Manila clam seed can be purchased from hatcheries, a practice that pro-
vides a more consistent, reliable supply of seed than natural recruitment does.
Cultivation increases yield and shortens the time between harvests.

The Manila clam is well suited to culture. It grows rapidly and so can be
harvested within two or three years of planting. Because it grows at a higher
tidal level than native hardshell clam species and burrows to a shallow depth
within the substrate, it is easier to harvest. Its marketability is enhanced by the
relatively long shelf life of 7 � 10 days.

This guide covers Manila clam production from hatchery to harvest
 Figure 2!. We begin with a description of the biology of the Manila clam and the
environmental factors that aA'ect Manila clam production, because we consider
such information to be essential to a successful culture operation. The hatchery
section covers broodstock conditioning, spawning, and larval rearing to setting
size, at which point they can be shipped to growers for remote setting. Algae
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figure 2. Processes involved in Manila clam production.
Figure 1. Puget Sound region.

culture is discussed for growers who wish to grow their own algae for remote
setting and nursery culture of juveniles. The nursery section covers primary
nurseries, for rearing clams to 1 mm length, and secondary nurseries, for grow-
ing small clams to planting size. The grower can also obtain seed at a size ready
for planting directly from the hatchery to supplement natural recruitment.

Beach culture, predator exclusion netting, and in-ground bags are de-
scribed, as are ways to increase natural recruitment by substrate modification
and structures. Finally, we cover briefly some of the "paper" aspects of Manila
clam culture, including record keeping, permits, and costs.

The information in this guide is tailored to the Pacific Northwest, but it
may be useful in other geographic locations and for other species of clams. Con-
versely, growers in this region may also be interested to read about methods used
in others countries. We direct their attention to recent manuals that focus on
clam culture in Italy  Alessandra 1990!, France  deValence and Peyre 1989!, and
the United Kingdom  Spencer et al. 1991!.

The aquaculture industry uses metric and English units of measure
interchangeably. Readers encountering one expression of measure where they
wish the other can refer to the conversion table given in Appendix A.



2. Biology

The manila clam, also called the Japanese littleneck clam, belongs to the
family Veneridae. It appears in the literature under a variety of names including
Tapes semidecussata, T japonica, T. philippinarum, Venerupis semidecussata, V.
philippinarum, V japonica, Paphia philippinarus, P. bi furcata, and Rudi tapes
philippinarum.

Anatomy
The Manila clam has an elongate shell with oval valves, well-defined

radiating ribs, and less prominent concentric ridges  Figure 3!. The radiating
ribs can be heavy and conspicuous at the posterior end. External shell color
varies greatly; most are off-white or buff with patterns of wavy brown or black
bands and blotches on their sides. The clam can attain a shell length of up to 3
inches  Fitch 1953; Quayle 1964!. The interior of the shell is smooth and nor-
mally tinged with purple.

Figure 3. Manila clam, Venerupis japonica.
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The age of the Manila clam can be seen on the shell in the form of rings,
called checks, which develop in the winter, when growth slows due to low water
temperatures, less available food, and slower metabolism. Checks can also be
caused by environmental or biological stress, for example, by the disturbance of a
big storm or from spawning.

The internal structure of the Manila clam is shown in Figure 4. The
mantle completely surrounds the soft body parts and secretes the shell. At the
posterior end, the mantle is fused to the siphons. The lower, incurrent siphon
and the upper, excurrent siphon channel water into and out of the mantle cavity.
The most visible feature within the mantle cavity is a hatchet-shaped foot,
located between a pair of gills. Two pairs of small labial palps are located at the
anterior end of the foot and mark the entrance to the mouth. The foot can be
extended outside the shell to dig and to move the animal. The gills are used for
respiration and feeding. As water is brought over and through the gills, small
hairlike structures called cilia filter the food and transfer it forward to the labial
palps. The palps are small flaps of tissue that sort the filtered food particles that
enter the mouth. The visceral mass located above the gills contains the digestive
diverticula, gonads, heart, and kidney. Adductor muscles located at either end of
the animal close the shell and keep it shut. The physical structure of the hinge
keeps the valves apart when not being opposed by the adductor muscles.

gonad

or muscle

anterior add excurrent siphon
incurrent siphon

labial palps

Figure 4. Internal structure of the Manila clam.
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Sexual Maturity and Spawning
Manila clams have been shown to initiate gonadal development at 5 � 10

mm  V4 � 3/8 inch! shell length and reach sexual maturity at a shell length as
short as 15 mm �/8 inch!  Holland and Chew 1974!. It was also noted that some
clams started to spawn at 21 mm �/4 inch! shell length. Clams of this size would
be approximately two years old and in their second growing season.

Spawning occurs when males and females release sperm and eggs into
the water column. The spawning season for Manila clams extends from May to
September in Puget Sound and from June to July in Hood Canal  Nosho and
Chew 1972!. According to Holland and Chew �974!, females spawn once during
the summer, with no apparent second maturation of gametes. Males, on the
other hand, release a large portion of their gametes and quickly redevelop to
maturity during the same season. The marketability of Manila clams is not
affected by its spawning condition, as is often the case with oysters.

Larval Development
Larval development from egg to metamorphosis takes from two to four

weeks  Cahn 1951, citing Miyazaki 1934!; the exact duration depends on tem-
perature and food  Yoshida 1935; Cahn 1951; Ohba 1959; Quayle and Bourne
1972!. The larvae swim and feed in the water column with an organ called the
velum. At this stage they are called veliger larvae. Larvae settle when they
reach 165 � 235 pm  microns! shell length  Williams 1978; Ohba 1959; Yoshida
1935!.

Metamorphosis and Settlement
When the larvae are ready to settle, they actively search the substrate

with their foot for a place to attach. Larvae attach to a pebble or piece of shell
with a byssal thread secreted from the foot. This holds the juvenile clams to the
substrate while they go through metamorphosis. During metamorphosis, they
lose the velum and the gills form rapidly. Williams �980! reported that settle-
ment occurs throughout summer and fall in southern Puget Sound. As the clam
grows, it burrows into the substrate and no longer needs to be anchored.

Growth

Many studies have been made on the growth rates of Manila clams in
British Columbia and Washington  Nosho and Chew 1972; Quayle and Bourne
1972; Jones 1974; Miller et al. 1978; Glock and Chew 1979; Anderson 1982;
Bourne 1982; Miller 1982!. There is ample evidence that growth is dependent on
food availability and temperature, factors that vary from location to location
 Williams 1980!.
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Table 1. Average shell length attained by planted Manila clams at Puget Sound study sites after each of several growing seasons. Shell
length at spring planting was 3-5 mm �/8-t/4 inch!.  Modified from Anderson et al. f982!

Growing Season
3Study Site

NORTH PUGET SOUND

Westcott Bay 18 mm 29 mm

CENTRAL PUGET SOUND
Clam Bay
Filucy Bay
Marrowstone Island

14 mm 26 mm 34 mm

18 mm 28 mm

12 mm 23 mm 30 mm

SOUTH PUGET SOUND
Kopachuck State Park
Hartstene Island ¹1

Hartstene Island ¹2

19 mm

18 mm

25 mm

32 mm
38 mm 47 mm 51 mm 53 mm

41 mm

Clam growth rates for various beaches in Puget Sound are shown in
Table 1. Highest growth rates were attained in the southernmost reaches of
Puget Sound, where water temperatures are relatively high and the food supply
is constant. Most of the clams planted in southern Puget Sound reach minimum
marketable size �8 mm, or about 1 V2 inches! by the end of the second growing
season, or 18 months after a springtime planting.



3. Factors Influencing Production

When selecting a site for commercial production of Manila clams, growers
should be aware of the environmental factors that influence clam survival and
growth. These factors include such physical characteristics as tidal level, sub-
strate type, wave exposure, temperature, and salinity. Biological factors that
influence clam production are food availability, movement and dispersal, preda-
tion, competition, pests, and disease. Pollution and paralytic shellfish poisoning
are factors that affect the harvestability of clams.

PHYSICAL FACTORS

Tidal Level

The amount of air, competition, and predation that Manila clams are
exposed to is directly related to the tidal level at which they occur. Natural
Manila clams are most abundant at 3 � 6 feet above mean lower low water
 MLLW!. Below that range, they are vulnerable to various predators and may
have to compete for space with other species of hardshell clams. Above it, they
are exposed to the air too long and their growth rate declines considerably.

To choose the most appropriate planting zone on a given beach, some trial
and error may be necessary. The presence of natural Manila clams on a beach
may aid in finding a suitable area. Methods for determining tide level are out-
lined in Appendix B.

Substrate
According to some researchers  Cahn 1951; Higurashi 1934; Icho and

Oshima 1938!, the best bottom sediment for growing Manila clams contains
50%%uo � 80% sand. Jones �974!, however, reported high survival of clams planted
on beaches with primarily a shell substrate or a combination of gravel and sand.

In our opinion, the ideal substrate is a stable, loosely packed substrate
consisting of gravel, sand, mud, and shell  Miller 1982!. Stability is important
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because Manila clams cannot live in a constantly changing sediment  Kurashige
1942!. Suitable beaches are usually found in relatively protected bays or inlets.

Beaches of tightly packed cobble, hardpan, and soft mud are totally
unsuitable for clam culture. Packed cobble and hardpan prevent the clams from
burrowing. In so@ mud, Manila clams have difficulty maintaining their position
and keeping their gills clean  Kurashige 1942; Loosanoff 1961; Bardach et al.
1972!.

If a site does not naturally have the necessary substrate to support
Manila clams, the grower may choose to provide it. A later section of this guide
describes ways to modify the substrate.

Wave Exposure
The degree of wave exposure affects stability and substrate composition of

a beach. Clam seed will not survive on beaches exposed to a high degree of wave
action. The fine sediment that holds gravel and sand together washes away,
leaving a loose deposit of gravel and sand. As the beaches shift, clam seed are
buried, washed away, or crushed.

Sheltered beaches retain silt and other fine sediment, resulting in a more
compact mix of larger gravel, sand, mud, and shell. These beaches, being more
stable, have shown higher production of clams. A later section of this guide
discusses structures to enhance clam settling.

Temperature
Optimal water temperature for the Manila clam is 73' � 75' F  Bardach et

al. 1972!, but the cooler waters of Puget Sound have not prevented the species
from becoming widespread. Seasonal water temperature fluctuations in Puget
Sound are within the tolerance limits for Manila clams. Summer water tempera-
tures in central Puget Sound seldom rise above 62' F. The average summer
water temperatures for southern Puget Sound and Hood Canal are 70' and 71'
F, respectively  Washington Department of Natural Resources 1974!. Warmer
water and good phytoplankton productivity may explain why Manila clams grow
bigger and more abundantly in southern Puget Sound than in other areas.

Hard winter freezes can be lethal to Manila clams if the freezes are

coupled with low tides. Such mortalities normally are not apparent until late
winter or early spring  W. Taylor, Taylor United Inc., personal communication;
Bower et al. 1986!. Adverse effects of extreme temperatures can be minimized by
not planting at high tidal levels.

Salinity
The optimum salinity range for Manila clam growth is 24 � 32 ppt  parts

per thousand!  Bardach et al. 1972!, but they can tolerate salinities as high as 35
ppt and as low as 13.5 ppt for periods of at least 40 days  Higgens 1969!. Salinity
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monitoring and historical records show that the salinity of Puget Sound is within
the reported tolerance range for Manila clams  Washington Department of
Natural Resources 1974!. However, areas near the mouths of rivers or streams
may have salinities that are too low for Manila clams.

BIOLOGICAL FACTORS

Food Availability
Manila clams feed on phytoplankton. Because the central basin of Puget

Sound produces more phytoplankton annually than the southern reaches  Win-
ter et al. 1975!, one might expect that Manila clams would grow better in the
central basin. However, the opposite is true: Manila clams grow faster and
bigger in the south.

The reason for this apparent anomaly may lie in the patterns of phyto-
plankton growth, which are different in the two areas. In the central basin,
phytoplankton increase in a series of intense blooms that begin in late April or
May and continue through the summer. In south Puget Sound, phytoplankton
production is fairly uniform from March through September. It appears, then,
that Manila clams grow better when a moderate food supply is consistently
available over long periods than when a lot of food is available sporadically for
shorter periods.

Movement and Dispersal
Clams do not always stay where you put them. Experiments with

marked clams found the clams close to but outside their planting areas  Miller
1982!, an indication that wave or current activity causes dispersal. Even in
seemingly sheltered areas, waves and scour from boat wakes can move newly
planted clam seed. Clams may also redistribute themselves in response to high
planting densities, but no experiments have been conducted to test this possibil-
ity.

The movement or dispersal from the planting area can greatly reduce the
expected harvest. It may be possible to erect a damping system to reduce wave
impact  Kraeuter and Castagna 1977!. The best approach is to select areas away
from high cun ents and boating activity.

Predation

Manila clams attract a wide variety of predators. Some of them, such as
scoter ducks, are easy to spot, but often the broken, chipped, or empty shells are
the only evidence that predators are at work.

Moon Snails � The moon snail, Polinices lewisii  Figure 5!, drills a
countersunk hole in the clam shell and inserts its proboscis to consume the soft
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Figure 5. Moon snail, Polinices iewisii, shell and egg case.

Figure 6. Crab predators of the Manila clam:  ciockwise, from upper left! purple shore crab  Hemigrapsus nudis!; green shore crab  H.
oregonensis!; red rock crab  Cancer productus!; graceful crab  C. graciiis!; Dungeness crab  C. magister!.
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tissues. The size of clam on which a moon snail preys depends on the shell size of
both predator and prey. Rogers and Rogers �989! found that moon snails cannot
bore into a Manila clam shell larger than the maximum diameter of its own shell,
which may be between 1 and 4 inches.

Moon snails are often subtidal, with a large population adjacent to the
intertidal zone, so removing them from intertidal areas has little impact on the
total population  D. Rogers, Olympia Clams, Inc., personal communication!.
Since the early life stage of this snail is planktonic, removal of adults and egg
collars does not permanently eliminate moon snails.

Growing the clams in mesh bags offers a considerable degree of protection
from moon snails, and this culture method is described later in the guide. In-
stalling a netting barrier  sunk 1 foot into the substrate and projecting above for
several inches! may prevent snails from moving into a planted area. However,
the simplest way to avoid heavy moon snail predation is to plant clams at a tide
level �-4 feet above MLLW! where the snails are not present or active.

Crabs � Crab species are serious predators of Manila clams  Figure 6!
 Miller 1982!. The red rock or black-clawed crab  Cancer productus! appears to
be the most significant crustacean predator, but the graceful crab  C. gracilis! is
also a serious threat. In laboratory tests, both crab species opened and consumed
Manila clams  Miller 1982!.

The Dungeness crab  Cancer magister!, common in the central and
northern areas of Puget Sound, may be a predator on the Manila clam  Gotshall
1977!. Small purple and green shore crabs  Hemigrapsus nudis and H.
oregonensis! preyed upon Manila clam seed in the laboratory  Bourne and Lee
1973!, but such predation has not been observed in the field. Observations
suggest that the coinmon kelp crab  Pugettia producta! may also be a predator .

Fish � Manila clams are eaten by several species of fish including the
rock sole  Lepidopsetta bili neata!, English sole  Parophrys vetulus!, starry floun-
der  Platichthys stellatus!, and pile perch  Rhachochilis vacca!  Figure 7!. Clams
eaten by fish tend to be smaller than 20 mm. In many areas, planted clams may
grow age enough to escape fish predation by the end of their first growing
season.

Birds � Among the bird predators, gulls and crows feed on Manila clams
at or near the substrate surface, but more significant than these in the destruc-
tion of natural beds are three duck species that winter in the inland marine
waters of Washington: white-winged scoter  Melanitta fusca delgandi!, surf
scoter  M. perspicillata!, and black scoter  M. nigra americana!  Figure 8!
 Bourne 1984!.

Numerous small pits and depressions in the substrate indicate that ducks
have been feeding on clams. All three species of scoter consume Manila clams,
with predation by white-winged and surf scoters being the heaviest  Glude 1964!.
Scoters feed most heavily from November to March, and they appear to feed
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Figure 7. Fish predators oljuvenile Manila clams:  clockwise, from upper left! English sole  Parophrys vetulus!; rock sole  Lepidopsetta
bilineata!; pile perch  Rhachochilis vacca!; starry flounder  Piatichthys steilatus!.

mainly on small clams, decreasing the Manila clam population in the V4 � 3/4
inch range. Few clams longer than 1 inch were taken  Glude 1964!, although
white-winged scoters have been known to ingest clams up to 2 inches long  Neil
Bourne, Pacific Biological Station, personal communication!. Scoters are consid-
ered to be the main predators of Manila clams in Japan  Bardach et al. 1972!,
where they were seen to consume as many as 52 small clams  <1 inch! per bird
per day for 150 consecutive days  Cahn 1951!.

Starfish � Four species of seastars � sun star  Pycnopodia helianthoides!,
mottled star  EvrJsterias troschellii!, pink star  PisrJster brevispinus!, and ochre
star  P. ochraceus! � are occasionally found on Puget Sound beaches. According
to Quayle and Bourne �972!, only the sun star and mottled star are serious clam
predators. Since most starfish occur at tidal levels below productive areas, they
probably do little harm to Manila clams.

Competition
Mussels, native littleneck clams, macoma clams, and barnacles are all

found at the same tidal levels as Manila clams, or at overlapping tidal levels. In
areas of low productivity, they may compete with Manila clams for food and
space. Manila clams may also compete with each other in high densities. Effects
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Figure 8. Major duck predators ot the Manila clam: top, black scoter  Meianitfa nigra americana!; left, surf scoter  M. r
white-winged scoter  M. fusee deigandi!.

ri na; e, su scoter   . perspiciliata!; right,

of competition include decreased growth and lower survival. In many cases, such
e ects are hard to quantify because there is no direct evidence that can be mea-
sured in natural beds.

Pests

In certain locations, the mantle cavity of Manila clams may be inhabited
by commensal pea crabs  Pinnixa sp!. Because they live within the mantle
cavity, they do not significantly harm their hosts or affect the edibility of clams.
Mantle irritation does occur, but not enough to kill the host.

The sand dollar, Dendraster excentricus, can occur in high numbers on
certain beaches. Their burrowing activity loosens substrate and undermines
clams.

Ghost shrimp  Callianasa spp.! and mud shrimp  Upogebia pugettensis!
are abundant in sand and fine sediment beaches. They compete with clams for
space, and their burrowing activities contribute to the sediment instability that
causes poor survival of small clams. These shrimp can also change a gravel-sand
beach to an unstable sand-mud beach by bringing up fine sediment to the surface
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when they burrow.
Diseases

No major diseases have seriously aR'ected Manila clams in Puget Sound.
Hinge ligament disease, commonly found in other bivalve juveniles, has been
found in hatchery-produced Manila clam seed  Elston 1990!. Good hatchery
management, however, can eliminate most hatchery-related disease problems.

There have been several isolated cases in which conditions were right to
cause a single outbreak of a disease. In 1971, for example, an unknown sporo-
zoan parasite was found in the digestive tract of more than 50% of the clams at
Misery Point on Hood Canal  Holland 1972!. Infection was light in most of the
clams; however, heavily infected specimens failed to develop mature sexual
organs. This par visite has not been a problem since the 1971 occurrence. Most of
the diseases found in Manila clams have occurred only one or twice, when condi-
tions were favorable. This does not rule out the possibility that this or any other
disease can become a problem in the future.

It is important that the grower know the characteristics of the Manila
clam in order to spot something out of the ordinary. For example, if clams are
lying on the surface of the substrate rather than buried in it, it may indicate that
something is irritating the clam. Unusual internal blotches on the mantle cavity
may indicate a disease or parasite of some form.

Not all diseases or parasites have a negative impact on the survival of
clams. Many disease organisms are killed when the clam is cooked, and others
cannot be transferred to humans. Questions regarding diseased or dying clams
can be directed to WDF Point Whitney Shellfish Lab or the University of Wash-
ington.

POLLUTION

Bivalves can filter bacteria and viruses present in the water column.
Because clams are capable of pumping and filtering a large quantity of water,
they can quickly concentrate microorganisms to levels harmful to humans.
Contaminated shellfish may transmit enteric diseases such as hepatitis A,
cholera, and typhoid fever to humans  Morse et al. 1986!. Temperatures used to
steam open soft-shelled clams  Mya arenaria! are inadequate to kill some species
of viruses and render them harmless to humans  Morse et al. 1986!. Shellfish
should not be harvested from areas of high concentrations of viral and bacterial
organisms, even if they are cooked prior to eating.

Two types of pollution sources have been identified by the Washington
Department of Ecology  Saunders 1984!. Point source pollutants come from
pipes or other discharges that transport waste water to the bay. Because they
enter a body of water at fixed locations, they can be measured. Nonpoint source
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pollutants are washed from the ground surface into streams and bays or enter
through groundwater transport. Nonpoint pollution from unknown locations is
often hard to detect and measure; it may come from farms, failing septic systems,
urban storm water runoA; seal populations, or marinas.

The Office of Shellfish Programs  OSP! of the Washington State Depart-
ment of Health  DOH! is responsible for monitoring and certifying areas for
bivalve harvest. DOH certification is based primarily on the results of water
column sampling, hydrological analysis, and shore sanitary surveys. The extent
of bacterial pollution is measured by the concentration of fecal coliform bacteria,
Escherischia coli. This bacterium is associated with the digestive system of
humans and other warm-blooded mammals, and its presence indicates the
potential for human viral and bacterial pathogens.

All shellfish harvesting locations must be approved by the DOH. Four
types of sanitary classications have been established  U.S. Department of Health
and Human Services 1986!:

Approved � Fecal materiA, pathogenic organisms, poisonous, and
deleterious substances are not present in the area in harmful concentra-
tions. Shellfish can be harvested from the area at any time.
Conditionally Approved � Growing areas are subject to intermittent
microbiological pollution. Harvest is conditional to predictable seasonal
or weather-related events, such as sewage overflows resulting from
winter storms. The period of closure varies and is based on local condi-
tions.

Restricted � Fecal coliform levels in restricted waters are such that
shellfish can be grown in these waters but must be moved to an approved
site where, over a period of time, they purge themselves of fecal coliform
bacteria as a natural consequence of the feeding process.
Prohibited � No commercial harvest of shellfish is permitted because of
excessive concentrations of fecal material, pathogenic organisms, and
poisonous or deleterious substances. Relaying for purposes of natural
cleansing is not allowed.

Beaches are monitored each year to check on their condition. The classifications
can be upgraded or downgraded depending on the results of these annual checks.

Of the commercial growing areas that were classified in Washington in
1989, 63% of the total acreage was classified as Approved, 20% as Conditionally
Approved, 5% as Restricted, and 12% as Prohibited  see Table 2!. Most of the
Willapa Bay growing area was classified as Approved, while most of Grays
Harbor was Conditionally Approved. In Puget Sound, 25% of the growing area
was classified as either Restricted or Prohibited, and 28% of Grays Harbor was
Prohibited. Clearly, a significant part of potentially commercial tidelands in
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Table 2. For 1989, classification of Washington state commercial shellfish growing areas, in acres, rounded to nearest 5.
 From Taylor 1989!

Conditionally
Approved Approved Restricted Prohibited TOTALArea

Puget Sound 55,905

Grays Harbor 0

Willapa Bay 87,400

TOTAL 143,305

76,760

59,845

89,950

226,555

8,84010,4801,535

16,76043,085

2,550

28,15010,48044,620

PARALYTIC SHELLFISH POISONING  PSP!

Paralytic shellfish poisoning  PSP! is an illness not of shellfish but of
shellfish consumers. It is caused by eating filter-feeding bivalves that have fed
on various microscopic dinoflagellates. In Washington, the chief cause of PSP is
Alexandri um catanella  formerly known as Gonyaulax catanella and
Protogonyaulax catanella!. Under certain climatic and oceanographic conditions,
A catanella replicates rapidly to produce planktonic blooms on which the shell-
fish feed. The neurotoxin produced by this dinoflagellate, while not harmful to

Washington cannot be used.
Between 1950 and 1970, most closures because of bacterial contamination

were due to point sources of contamination, primarily sewage treatment plants.
Since 1981, fifteen commercial growing areas totaling 16,113 acres in Washing-
ton have been reclassified downward l r DOH due to bacterial contamination
 Washington Department of Health 1990!. Most of the recent closures were due
to pollution from nonpoint sources. Shellfish farmers and the general public
should be concerned by the increase in the rate of such closures. Any new area
should be carefully examined for trends in pollution before the shellfish farmer
commits any effort to grow-out. Fecal contamination, of course, is less of a
problem at a hatchery or nursery.

Shellfish can be transferred from moderately polluted growing areas to
unpolluted bodies of water and kept in clean holding sites until their contaminat-
ing microorganisms have been reduced to safe levels. This method of decontami-
nation, called relaying, is regulated closely by the DOH to ensure that the even-
tual product is safe for human consumption. After holding shellfish for a speci-
fied period, new tests are run to determine if they are safe for harvest. During
1990 in Washington, there were five active relays and seven relay applications
pending  Washington Department of Health 1990!.
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shellfish, is absorbed and accumulated within their bodies. It can cause severe
illness and, in high concentrations, even death to humans and other warm-
blooded animals.

The Washington Department of Health's Office of Shellfish Programs is
responsible for monitoring and setting closures for commercial harvesting due to
PSP. Some level of testing is conducted on all commercial shellfish growing
areas throughout the year. The shellfish industry participates in testing by
submitting samples from their harvest areas as required by the OSP certification
program. If there are several growers in an area, only one grower may be re-
quired to submit samples, or two or more growers may alternate sampling. In
most cases, results are reported within 48 hours. If the toxin level exceeds 80 pg
 micrograms! of toxin per 100 grams of shellfish meat, a closure is mandated.
Harvesting is allowed after two consecutive samples, taken at least a week apart,
have toxin levels below 80 pg. Other factors considered in PSP closures are test
results from nearby areas, species of shellfish tested, rates of toxification or
detoxification, weather conditions, and time of year.

The economic impact of PSP is twofold. First, delays caused by closures
affect harvesting and marketing schedules. Second, the announcement of PSP
warning depresses shellfish sales, and sales may continue to suffer for several
weeks or months, even after the warning is lifted.

Information is available through the PSP Program Coordinator at the
Office of Shellfish Programs in Olympia �06-753-5964!, or call the PSP Hotline
�-800-562-5632!. The PSP Hotline provides information only on recreational
beach closures, but it can give commercial growers an indication of which areas
are affected.


