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Preface

In a previous publication (WSG 78-2), based largely on research
conducted in Puget Sound by the School of Fisheries, the Manila clam
was proposed as a candidate for use in marine aquaculture and guide-
lines for planting hatchery-spawned c¢lams were outlined. This report
updates the initial publication with recent findings and addresses
questions frequently asked of the authors by commercial clam growers
and ownpers of small beach properties. The commercial clam growers of
the State of Washington, the Washington Department of Fisheries and the
Washington Department of Natural Resources cooperated with the School
of Fisheries in certain aspects of this work, providing considerable
assistance in studies conducted at various Tlocations in Puget Sound.
Field study sites and facilities used in this research were furnished
by the Washington Department of Parks and Recreation, the Washington
Department of Natural Resources, the National Marine Fisheries Service
of the United States Department of Commerce, and private beach owners,




Origin, Fisheries, and Attributes
Of the Manila Clam

Even though the Manila clam is not endemic to Northwest waters--
having been introduced via shipments of Pacific oyster seed from Japan
in the 19305 and 1940s (Quayle 1938, 1941, 1964)--its selection for use
in aquaculture is well founded, Except for the geoduck, it is the most
important commercial clam in Washington. Reported Manila clam land-
ings--clams harvested entirely by manual digging from intertidal areas--
have averaged over 850,000 pounds annually during the past 10 years
{Washington Department of Fisheries data). Supply is short of demand
and the market could probably support twice the present production
(Chris Jones, personal communication), According to Glude (1974), the
market for clam products in the United States, and particularly in the
Pacific Northwest, is increasing each year. The Manila clam is also
very popular with sportsmen in Washington. However, on most public
beaches it is not abundant due to excessive harvesting and damage to
juveniles {A1 Scholz, personal communication). Thus, a means to en-
hance Washington's Manila clam resource would be beneficial.

The Manila clam also has several attributes which make it an excel-
lent species for intertidal aguaculture, It usually survives and grows
well at a higher tide level than other utilized clam species in Puget
Sound and thus may be less subject to competition for food and space.
It also occurs at a relatively shallow depth within the substrate which
makes it easy to dig; but because of this it may also be more vulnerable
than other commercial species to extreme temperatures and predation,
Finally, it bears up well under harvesting and handling, and has an
adequate shelf life,

The Manila is the only clam species produced regulariy by Pacific
Coast shellfish hatcheries. Most of the seed produced has been export-
ed as food for cultured shrimp (Chet Belknap, personal communication).
In any case, consistent large-scale production attests to the Manila's
adaptability to the hatchery environment., Characteristics rendering it
suitable for hatchery rearing are that it can be spawned easily from
spring to fall, has a short planktonic larval period of about 3 weeks,



Figure 1
Manila clams
Tapes Japomiea

and is apparently not as susceptible to disease or stress problems
which beset larvae of other clam species in hatchery culture. Ancther
desirable feature is that growth is relatively fast; Manilas are often
harvestable at 2 to 3 years of age.

Small seed of the Manila, or Japanese littleneck clam, Tapes or
Venerupis japonica (Figure 1) produced in commercial hatcheries, has
been planted and raised on various Puget Sound beaches by School of
Fisheries researchers since 1972. This has been done to determine the
potential of planting seed to supplement declining intertidal clam
stocks and for use in clam mariculture. This report is intended as a
reference and gquide to the culture of the Manila clam, It deals pri-
marily with recovery and growth of planted clams, planting and culturing
procedures, and the practicality and economic feasibility of providing
large-scale protection for planted clams. While most applicable to the
Pacific Northwest, the information presented may also be useful in
other areas and with other species of clams.

A principal advantage in using hatchery seed, as opposed to collec-
tion of natural seed, is consistency of availability. Supplies of na-
tural Manila seed vary from year to year in Puget Sound and since the
most productive beaches are under lTease or in private ownership, collec-
tion of natural seed for beach stocking may not be feasible. Consider-
able time and effort may also be required to collect large numbers of
natural seed. Another advantage of hatchery seed is uniformity of
size. This simplifies management by allowing production of very
uniform crops on a regular basis. .

The cost of hatchery-reared clam seed, however, poses constraints
on enhancement ventures. A fairly high return in terms of survival or
recovery of clams at harvest is necessary to realize a profit for a com-
mercial grower or to provide justification for recreational clam popula-
tion enhancement by management agencies. However, achieving a profit
margin is probably not an important consideration for private beach
owners interested in small-scale clam culture for personal use.

The profitability of culturing Manila clams is very sensitive to
the cost of the seed because the clam is rather small {15-25/1b) when
marketed. Thus, more spat are needed to produce a ton of clams than
would be required to produce a ton of the much larger Pacific oyster
{(Walne in Lucas 1976). The maintenance of high densities of planted
clams tor commercial production (probably greater than 256-340/ydZ or
300-400/m2) requires virtually without exception that the clams be
protected from hazards found in their environment. After several years
of experimentation, the most practical and least expensive method found
for protecting seed clams was to cover planted beaches with a Tight-
weight DuPont Vexar™ plastic netting called "Car Cover." This appears
to be a suitable means for raising planted Manila clams on a large
scale,



Factors Influencing Survival and Growth
In Aquaculture

Experimental intertidal plantings of Manila clams have been con-
ducted and monitored by the School of Fisheries during the past 7 years
at eight Puget Sound Jlocations (Figure 2) (see also Miller 1982}.
Several preliminary short-term School of Fisheries planting studies
were also conducted at other sites--Burley Lagoon in Carr Inlet,
Kilisut Harbor on Marrowstone Island, Totten Inlet, and Point Whitney
on Hood Canal (Jones 1974)}). Most plantings were performed in the
spring, although several were carried out in the fall to judge the
influence of planting time on subsequent recoveries. At each location,
except Clam Bay, recovery and growth were compared for groups of clams
planted with and without protection, Protective devices affixed to the
beach within planted areas included small wire-screen cages, short
fences of screening material, and layers of different types of plastic
netting. The more recent studies dealt exclusively with the latter type
of protection, and in two cases-- Wescott Bay and Filucy Bay--large 300
to 360 ydZ (250 to 300 ml) areas of planted beach were covered by
plastic netting., These studies were conducted to demonstrate the feas-
ibility of using plastic netting to protect planted clams on a pilot or
semi-commercial scale.

In a number of studies, recovery and growth of planted clams were
analyzed with respect to tide level planted, beach sediment type, beach
slope, substrate, temperature, salinity, seed size, and planting densi-
ty. In most instances, clam seed planted were relatively small {1/8 to
1/6 inch or 3 to 4 mm in length), being of the size most readily avail-
able from commercial hatcheries. Some larger seed were also planted.
Efforts were also made to document and to some degree quantify disper-
sal--displacement and transport--of seed clams during the first several
months after planting. Finally, to evaluate the impact of predation on
Manila clams, gut content analysis was performed on suspected clam pred-
ators collected by hand at low tide and by means of beach seine sampling
at Kopachuck State Park and Marrowstone Island. Field and laboratory
observations also contributed knowledge concerning predation.
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Geographic Location

Manila clam stocks of Puget Sound are most abundant in the various
bays and inlets of the south. It was in this area, where most oyster
culture takes place, that the Manila clam was accidentally introduced
with imported Japanese oyster seed earlier this century. Since the Ma-
nila clam remains concentrated 1n south Sound while occurring only
sparsely elsewhere, factors such as sediment conditions and wave expo-
sure apparently prevent large-scale colonization of other areas. This
suggests that south Puget Sound may be a superior location for Manila
clam aquaculture.

By comparing results of planting studies conducted throughout
Puget Sound, it was determined that Manila clams could be cultured in
many areas (although artificial protection was usually required and, in
one instance, it was necessary to modify the natural substrate). Over-
all, however, clam growth is very dependent upon planting location
(Table 1}. The highest growth rates are attained in the lowest reaches
of Puget Sound. Since minimum size for commercial harvest of the
Manila clam is about 1 1/2 inches or slightly less (about 35 to 38 mm),
the majority of clams planted in south Sound on Hartstene Island were
harvestable 18 months after a springtime planting {the end of the
second growing season). By the end of the third growing season, all
clams had reached harvestable size.

Table 1. Typical shell length attained by small (1/8 to 1/4 inch or
3 to 5 mm) planted Manila clams at Puget Sound study sites
after each of several growing seasons.

Study site Growing Season
i 2 3 4 5
Clam Bay 5/16 in 11in 1 3/8 in
(14mm) {26mm) ( 34mm)
Filucy Bay 11/16 in 1 1/8 in

( 18mm} {28mm)

Hartstene Island #) 11/16 in 1 1/2 in 1 7/8 in 2 in 2 1/16 in
(18mm) (38mm) (47mm) (51mm) (53mm)

Hartstene Island #2 I in 1 5/8 in
(25mm) (41mm)
Kopachuck State Park 34 in 1 1/4 in
{19mm) (32mm)
Marrowstone Istand 1/2 in 7/8 in 1 3/16 in
(12mm) (23mm) { 30mm)
Wescott Bay 11/16 i 1 1/8 in
(18mm) (29mm})




Favorable water temperature and phytoplankton productivity of
south Sound may be related to the superior growth observed there. Ty-
pical summer water temperature of Miyagi Prefecture, Japan, the origin
of Puget Sound Manila stock, 1s about 69.8°F (21°C} {Kasahara and Ito
1953}, 0f the study locations under consideration, maximum summer
water temperature in the Hartstene Island vicinity (65.1°F or 18.4°C)
most nearly approaches that value (Washington Marine Atlas 1974).

Accord1ng to Winter et al. (1975), annual phyt0p1ankton production
is greater in the central basin of Puget Sound {465 g—C/m /yr) than in
south Puget Sound (270-290 g-C/m2/yr) based on measurements from a
1imited number of stations. However, in the central basin, this algal
growth occurs in a series of intense blooms beginning in Tate April or
May and continuing through the summer, while in socuth Scund, phytoplank-
ton production is fairly uniform from March through September. Thus,
although total phytoplankton productivity in south Puget Sound may be
lTower, the consistent availability of such a food supply may be cause
for enhanced growth.

Growth rate is an important consideration when selecting a site
for comercial production of c¢lams. Faster growth results in a higher
and more rapid investment return with less risk of loss. South Puget
Sound appears to be the most desirable Tlocation from this standpoint,
However, other areas also may be suitable for commercial culture and
certainly would be acceptable for personal use culture,

Recent outbreaks of PSP (paralytic shellfish poison), which have
occurred in the central and northern parts of the Sound, may pose prob-
lems for clam culture. Clams themselves are not harmed by ingesting
the toxic red tide microorganisms {(Gonyaulox catenelila, a dinoflagel-
late phytoplankter}. However, during an episode, harvesting must be
prohibited until levels of toxin concentrated in clam tissue again
become safe for human consumption. The maximum legal level for shell-
fish harvest is 80 micrograms toxin per 100 grams of wet meats. Updat-
ed information concern1ng PSP may be obtained by dialing the toll-free
Washington State "red tide hotline™ number, 1-800-562-5632.

Planting Season

Spring {April or May) appears to be the optimal time for planting
seed. Comparative studies conducted at Kopachuck State Park and Marrow-
stone Island indicated that clams planted in fall do not subsequently
outperform clams planted the following spring. "Hardening" or overwin-
tering clam seed on the beach before growth commences in the spring, as
is commonly done with oyster seed, is not advantageous. Further, if
planted in the fall, many seed may be 1lost to storms, Tow temperatures,
and possibly to predators before even starting to grow. A spring plant-
ing affords clam seed the greatest opportunity to reach a larger size--
which may constitute a refuge from some predators and wave scour--while
being exposed to the fewest environmental hazards. However, some
hazards are always present and c¢an never be avoided by planting at a
particular time,

Protection

Recoveries of Manila clams {planting size 1/8 to 1/6 inch or 3 to
4 mm) protected by 1/4 inch (6 mm) or 1/2 inch {13 mm) mesh plastic net-
ting are usually significantly higher than recoveries of unprotected
clams (Table 2) except if beach sediment is unsuitable {e.g., Marrow-
stone IsTand) or exposure to wave activity is great (e.g., Brown's



Bay). Wire-screen cages used to protect clams are also effective for
significantly enhancing recoveries. However, due to expense, lTimited
lifespan, and small size, cages are not practical for use in ¢lam
agquaculture, Although not investigated in great detail, short fences
{approximately 6 inches high) constructed around planted areas to
protect clams provide no benefits,

Covering small planted clams with screen of moderately small mesh
size is important for attaining a high return, Recoveries of clams pro-
tected by materials with mesh size 1 inch (25 mm) or greater are compar-
able to those of unprotected clams. Conversely, mesh size of protective
netting should be no less than 1/4 inch (6 mm) because smaller sizes
tend to trap fine sediment and become clogged and are also more easily
plugged by algal growth. Since some fouling 1is likely even with 1/4
inch (6 mm) materials, 1/2 inch (13 mm) mesh netting seems to be the
most practical choice.

0f the types of DuPont Vexar'™ plastic netting tested (different
brands, which should also be suitable, were not compared), the one
found most suitable for clam culture was a lightweight, 1/2-inch (13-mm}

Table 2. Typica) percentage recoveries of small planted Manila clams
from protected and unprotected plots at Puget Sound sites
after each of several growing seasons.

Study site Treatment Growing season
2
Brown's Bay unprotected 0 - -
protected 0 - -
Clam Bay unprotected 4] 23 19
protected Not tested
Filucy Bay unprotected 2 1 -
protected 60 57 -
Hartstene Island #1 unprotected 10 2 -
protected 66 42 35
Hartstene Island #2 unprotected 0 0 -
protected 60 45 -
Kopachuck State Park unprotected 14 6 -
protected 62 - -
unprotected B 4
Marrowstone Island protected 8 5 -
modified substrate 48 - -
Wescott Bay unprotected 13 10 -
protected 33 30 -




Figure 3 Culture plot protected by VexarTM "Car Cover" netting.
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mesh netting called “Car Cover" (Figure 3). This netting, even though
used in double layers to insure durability, is much less expensive and
far easier to handle than single layers of heavier materials. "Car
Cover" and heavier netting of similar mesh size have similar protective
qualities, provided that plots are properly maintained. Also, growth
of clams covered by plastic netting is not diminished, except when
severe fouling occurs.

Although recoveries of planted clams can be greatly enhanced when
protected by plastic netting, plots must be maintained to prevent fnva-
sion by clam predators. Predatory fish and crabs will rapidly gain en«
try once the netting is damaged. Even though covered by netting, small
clams may still be washed away by waves or currents, Thus, care must
be taken in selecting a planting site and netting of appropriate mesh
size. Growing small hatchery seed to a larger size in some type of
containment system prifor to planting should alsc be considered. Large
seed for planting can sometimes be obtained from hatcheries, but gene-
rally at a price too high for culture to be profitable.

Tide Level

Manila clams usually occur from about +3 to +6 feet (+1 to +2 me-
ters) above mean lower low water (MLLW), depending upon the tidal range
of a gtven location. Local sediment conditions and other factors will
also influence the tidal elevation inhabited by the clams. Manilas
were planted and grown from +1 to +7 feet {+0.3 to +2.3 meters) above
MLIW in the Puget Sound studies, but usually did poorly at the extremes
of this range.

Use of plastic netting to protect planted clams may permit culture
to take place over a wider tidal range than would otherwise be feas-
ible. However, physiological and ecological limitations are imposed by
tidal height--even though beach sediment and other variables appear



Figure 4 The moon snail, Figure 5 Ghost shrimp,
Folinices lewisi, and remains Callianaca spp.
of jts prey.

suitable over a very broad range. Although growth of the Manila clam
is often uniform over a fairly wide tidal range, an upper limit usually
exists at about +6 or +7 feet {+2 meters) above MLLW where growth rate
decTines considerably. Often, when observed on a low tide, beach sedi-
ment appears very dry above this level.

The lower range of the planted area may be restricted by unsuit-
able habitat (silt, hard clay, etc.), or the presence of various preda-
tors. Since removal of predators such as the moon snail, Polinices
lewisi (Figure 4), is very difficult, the best way to minimize preda-
tion is to plant clams at a tide level above the zone where moon snails
are active {i.e., plant no lower than +2 to +4 feet--or +0.6 to +1.3
meters-~-above MLLW, depending upon the beach),

To choose the most appropriate planting zone on a given beach, how-
ever, some trial and error may be necessary. Presence of natural
Manila clams on a beach may aid in finding an area to plant. (Methods
for determining tide level are outlined in Appendix A).

Sediment Type

An ideal substrate for Manila clams consists of gravel (of which
much is less than one inch or 25 mm {in diameter}, sand, a small amount
(4-5%) of mud, and shell. Such a substrate is inherently stable--a
factor even more important than precise sediment composition--owing to
cohesive or “glue-like" properties of the mud (silt or clay). Beaches
of this type are usually found in relatively protected bays or inlets.
The best recoveries of unprotected planted clams in Puget Sound (15 to
30% after 2 or 3 years at certain tide levels) were from such beaches
as Kopachuck State Park and Clam Bay.

However, when plastic netting is secured to the substrate surface
to cover planted clams, beaches which would not otherwise be suitable
may be turned into productive clam beds. Such beaches are located on
Hartstene Island and Filucy Bay, and, as reported by Glock and Chew
(1979}, on the west side of Squaxin Island. Beaches at these locations
are primarily composed of a rather uncohesive mixture of sand and fine
or “pea" gravel. Ghost and mud shrimp, Callianasa spp. (Figure 5) and
Upogebia pugettensis, are abundant in such beaches and their burrowing
and feeding activities apparently contribute to sediment instability.
Beaches of this type, which are usually unproductive 1in nature, are



Figure 6
Native littleneck
clams, Protothaea
staminea

very common--particularly in south Puget Sound--and represent potential
culture sites,

Unsuitable beaches, however, are also common. Tightly packed large
cobble and "hardpan," which are very difficult to till, prevent burrow-
ing by Manila clams. Beds of locse gravel or "clean" sand may be so un-
stable that currents and waves can cause substantial sediment shifting
even when cavered by plastic netting. Very soft sediments, particularly
"soupy" mud or mud-sand combinations, are very poor habitats.

A 2= to 3-inch thick surface layer of mud situated below the +4
foot (+1.3 m) tide level on the study beach at Marrowstone Island was
determined to be responsible for poor recovery and growth of planted
Manila clams at that site--even though a thriving natural population of
the closely related native little neck clam, Protothaca staminea (Fig-
ure 6), was present. The Manila clam may have difficulty maintaining
position and keeping its filter-feeding apparatus unclogged in such
sediments {Kurashige 1942; Loosanoff 1961; Bardach et al. 1972). How-
ever, Manilas were raised with success at Marrowstone I[sland when
planted in plots to which gravel was added. Thus, in certain cases,
modification of the natural substrate may be the only means to grow
clams on a beach. However, this procedure is probably only practical
for very limited-scale culture.

Beach Slope

Beach slope or gradient does not appear to be strongly associated
with recovery or growth of planted clams, Other overriding factors,
particularly beach sediment type and exposure to wave or current ac-
tion, seem to be much more important. When Manila clams are planted
without protection, recoveries tend to decline faster on steeper beach-
es (slope = 10 to 1 or greater) than on wmore gradually sloping beaches
(slope = 20 to 1 or less). However, steep beaches in Puget Sound are
often composed of relatively uncohesive sand-fine gravel sediment,
while more gently sloping beaches commonly consist of a more compact
mix of larger gravel, sand, mud, and shell, More severe erosive forces
seem to be at work on steeper beaches. In any case, when planted clams
are protected by plastic netting, any influence of beach slope is
reduced significantly.

10



Water and Substrate Temperature

Puget Sound water temperatures seem to be appropriate for Manila
clams since the clams occur throughout Puget Sound. However, maximum
summer temperatures (65.1°F or 18.4°C) of Puget Sound are usually Tower
than the 73.4° to 75.2°F (23° to 24°C) reported by Bardach et al.
(1972) to produce the best growth in Manila Clams. Thus, the warmer
waters of south Sound are probably most suitable.

Although fluctuations of water temperature in Puget Sound are not
great enough to harm Manila clams, extreme substrate temperatures--which
occur at night during winter and in afternoon during summer--are poten-
tially lethal. Substrate temperatures were monitored for several years
at Kopachuck State Park and Marrowstone Island by means of continuously
recording Ryan thermographs placed beneath the sediment surface in
planted areas. However, little evidence of temperature-related mortal-
ities was found. Further, it has been demonstrated that certain hard-
shell clams can tolerate subfreezing temperatures for extended periods.
Williams {1970) proved that the east coast "quahog" can tolerate expo-
sure to 21°F {-6°C) for at least 24 hr; the Manila clam may be equally
resilient. In any case, little can be done to circumvent adverse ef-
fects of extreme temperatures except perhaps to avoid planting excess-
ively high in the intertidal zone.

Salinity

Salinity apparently has no negative impact on Manila clams planted
in Puget Sound. Where monitoring has been conducted readings are well
within the known tolerance Tlimits of the Manila clam. Historical
records (Washington Marine Atlas 1974) also attest to the suitability
of Puget Sound salinity for the Manila clam.

Monthly salinity measurements taken at Kopachuck State Park and
Marrowstone lsland respectively averaged 30.3 ppt ({28.8 to 31.6 ppt)
and 31.5 ppt {(29.3 to 31.7 ppt}. Bardach et al. (1972) reported that
the optimum salinity range for Manila clam growth is 24 to 32 ppt.
According to Higgens {1969), Manila clams can tolerate salinities at
least as high as 35 ppt and as low as 13.5 ppt for periods of 40 days
or more,

Seed and Size at Planting

Unless covered by protective netting, use of large seed clams {at
Jeast two or three times the usual 1/8 to 1/16 inch, or 3 to 4 mm
length usually available from hatcheries) does not necessarily result
in better recoveries. In unprotected plantings conducted at Hartstene
and Marrowstone Islands, Kopachuck State Park, and Filucy Bay, subse-
quent recoveries of large seed clams were not significantly higher than
those attained with smaller seed.

However, there appears to be an advantage in planting large seed
beneath plastic netting, especially when they are too large to be
scoured through netting mesh by wave action. Thus, in certain loca-
tions, use of large seed may be essential in attaining an acceptable re-
covery of clams from netting plots. To illustrate the significance of
size, results of Hartstene Island studies in which three size groups of
seed were planted with and without protection are presented in Table 3.

1"



Table 3. Recovery of three size groups of Manila clams planted at
Hartstene Island with and without plastic netting.

Seed size Recovery after
planted 6 months
Unprotected 1/8 to 1/6 inch {3 to 4 mm) 11.4%
groups 3/8 to 1/2 inch (10 to 12 mm) 1.0%
13/16 inch (21 mm) 2.5%
Protected 1/8 to 1/6 inch (3 to 4 mm) 49.2%
aroups 3/8 to 1/2 inch {10 to 12 mm) 46.0%
13/16 inch {21 mm) 85.9%

Stocking Density

Clam seed were planted at a variety of densities, ranging from
about 19 seed/ftZ (200 seed/m’) to 158/ftZ (1700 seed/m2), in various
studies conducted in Puget Sound. When planted clams were protected
with netting it was demonstrated that a higher planting density results
in a relatively higher return of harvestable clams--provided that exter-
nal forces, such as wave scour, are not too great. Percentage recovery
is nearly always inversely proportional to planting density (i.e., high-
er planting densities yield Tower survival) when no protection is pro-
vided, Therefore, when raising clams without protection, very few seed
should be planted per unit area {e.g., 200/ml).

Planting densities of clams covered by plactic netting may vary de-
pending upon the purpose of the cuTture operation, but probably should
not be much higher than 93 seed/ft? (1000 seed/mZ) with small (1/8 inch
or 3 mm) seed and only 56-65/ftZ (600-700/mZ) when large (10 mm) seed
are used. This is important when recovery 1is high, since competition
for food and space may retard growth of clams., However, some trial and
error might be necessary at a given location when determining commer-
cial planting densities and when planting large seed clams.

Movement (Dispersal)

Movement (dispersal or displacement) of small Manila clams in the
first few weeks or months after planting is a common occurrence. Dis-
persal has been confirmed when tagged (stained or painted) planted
clams were found in samples taken outside but close to experimental
planted areas. Unprotected clams commonly became concentrated in near-
by cages or netting plots. Wave and/or current activity was apparently
responsible for dispersal, based on observations and experiments de-
signed to detect movement direction.

Considerable dispersal occurs at sites which differ significantly
in sediment type, current speed, and exposure to wind-driven waves. In
particular instances, such as at Brown's Bay, waves may scour all c¢lams
from unprotected and protected planted areas shortly after planting.
In less exposed areas, more subtle forces are apparently still suffi-
cient to displace clam seed. However, scour from boat wakes may be of
considerable importance in seemingly sheltered areas, espectally at the
critical time just after planting.
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While current action at a site is relatively constant from year to
year, wave activity may vary considerably. Therefore, it may be diffi-
cult to achieve consistent results even with use of netting to circum-
vent potential losses. It may be possible to erect a baffle system to
reduce wave impact {see Xraeuter and Castagna 1977), however, such
devices may accelerate siltation and pose a hazard to navigation. Use
of smaller-mesh (1/4 inch or 6 mm mesh) netting during the first few
weeks or months after planting may help in preventing seed washout, pro-
viding that sediment fouling is not greatly increased. However, selec-
tion of the best possible location and the use of advanced-size seed
¢lams appear to be the best hedges against dispersal-related Tosses.

Conversely, high numbers of small, wild Manila clams may be concen-
trated within netting plots, as was -determined in experiments at Kopa-
chuck State Park. In those studies, washout of planted clams was not
more than about 20 to 40% of the numbers planted. Further, survival of
recently settled Manila clam spat may be greatly improved by covering
the beach with plasti¢ netting. Thus, in some instances, natural seed
dispersal may be beneficial. Although not documented, netting-covered
areas may also encourage settlement of clam larvae by causing small
eddies just above the beach surface, perhaps creating a more desirable
environment for the larvae.

Predation

Manila clams may fall prey to a wide variety of predators, whose
activity and relative importance vary depending on Tocation and season.
Although at times predation may actually be observed, it is most often
detected by means of indirect evidence {i.e., damaged empty shells).
While a covering of plastic netting effectively protects planted clams
from most predators, certain problems may still occur. Since several
predators consume large-sized clams, protective netting must be main-
tained from planting until harvest time.

Perhaps the predator most difficult to control is the moon snail,
Polinices lewisi (Figure. 4). Since this gastropod is usually hidden
within the beach sediment, removal of all snails is not practical. Al-
though erection of a netting barrier {sunk 12 inches into the substrate
and projecting above for several inches) may prevent snails from moving
into a planted area, the simplest means of avoidance is by situating
the culture plots at a tide level (above +2 to +4 ft above MLLW depend-
ing on the beach) where moon snails are not active.

The moon snail usually destroys clams by drilling a countersunk
hole in the "umbonal" or beak region of the clam's shell. Through this
opening the snail inserts its proboscis (feeding organ) to consume the
soft tissues. Most intertidal moon snail predation 1is performed by
individuals from 1 to 4 inches (25 to 100 mm) in shell diameter on rela-
tively large clams. However, moon snails as small as 1/4 inch (6 mm)
may prey upon Manila clams as small as 1/8 inch (3 mm), as observed on
Hartstene Island.

Certain crabs may be very serious predators of the Manila clam.
The most important species appears to be the red rock or black-clawed
crab, Cancer productus (Figure 7). A close, but slightly smaller rela-
tive, the graceful c¢rab, C. graciiie {Figure 8), is apparently a less
serious threat. Little evidence of clam predation has been detected on
examination of crab stomach contents, at least in part because crabs
effectively separate shell from consumed tissue., However, broken and
chipped empty Manila shells commonly observed intertidally are sugges-
tive of crab predation.
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Figure 7 {Left)
Red rock crab, Cancer productus

Figure 8 (Middle left)
Graceful crab, Cancer gracilis

Figure 9 (Top right)
Oungeness crab, Canecer magicler

Figure 10 {Bottom left)
Shore crabs, FHemigrapsus spp.

Figure 11 {Bottom right)
Kelp crab, fugettiz producta

il
0On several occasions many red rock crabs (carapace width of about
2 3/8 to 5 inches or 60 to 125 mm) and a few graceful crabs (carapace
width of 2 to 4 inches or about 50 to 100 mm) were found beneath experi-
mental netting plots along with many broken 1 to 2 inch (25 to 50 mm)
ctam shells. Crabs had entered the netting plots through loose seams
or damaged sections. In one experimental plot declime in recovery from
48/Ft2 (500/mé)} to 14/ftl (150/mZ) was apparently related to crab
predation over a short period. Laboratory tests have confirmed field
observations of crab predation as both crab species opened and consumed
Manila clams. Based on these observations the red rock crab alone is
probably responsible for predation on clams larger than about 1 1/4
inches {30 mm),
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Although not encountered at the study beaches, the Dungeness crab,
Cancer magister (Figure 9), common in the more central and northern
areas of Puget Sound, may be a potential predator of the Manila clam.
Literature reports indicate that bivalves are among its preferred food
items {Gotshall 1977). Small purple and green shore crabs, Hemigrapsus
nudie and H. oregonensiz (Figure 10), have been found to consume Manila
seed clams in the laboratory (Bourne and Lee 1973), but such predation
was not confirmed in Puget Sound. Finally, a common kelp crab, Puget-
tia producta (Figure 11}, was suspected of predation on Manila clams on
Vashon [sland, based on observations by John Landahl (personal
communication).

Unprotected Manila clams may be eaten by particular bottom fish,
Rock sole (Lepidopsetta bilineata), English sole (Parophrys vetulus ),
starry flounder (Platichthys stellatus}, and pile perch {Rhachochilis
vacea), which are shown in Figures 12 through 15, all prey upon small
Manila clams as demonstrated by studies conducted at Kopachuck State
park. At Marrowstone Island, where sampling was also conducted, Manila
clams were not found in the stomachs of any fish, although native lit-
tleneck clams were on occasion eaten by pile perch and starry flounder.
A summary of Kopachuck fish predation is provided in Table 4.

Table 4. Fish predation at Kopachuck State Park. Low tide samples
taken at monthly intervals, June 1976 to December 1977. High
tide samples taken during June 1976, and at monthly intervals,
June to September 1977.

Rock English  Starry Pile

sole sole flounder perch

SAMPLES TAKEN AT LOW TIDE

Number of fish examined 460 110 58 36

Number which had eaten 443 10% 54 34

Percentage which had eaten 11.7 10.5 3.5 23.5

Manila clams

Average number Manilas/fish 0.26 0.37 3.94 0.38
SAMPLES TAKEN AT HIGH TIDE

Number of fish examined 80 16 6 B3

Number which had eaten 77 13 6 42

Percentage which had eaten 25.3 7.7 40.0 63.4

Manila clams

Average number Manilas/fish 0.80 0.08 6.60 2.73

Overal] size range of 1/16-11/716" 1/16-1/2" 1/8-1/2" 3/i10-13/16"

clams consumed (1-17mm) {1-12mm)  (3-13mm} (5-20mm)
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Figure 12 Rock sole, Fiaqure 14 Starry flounder,
Lepidopsetta bilineata Platichthys stellatue

Figure 13 English sole, Figure 15 Pile perch,
Parophrys vetulus fhachochilis vacea

Most predatton on Manila clams was done by adult, or at least rela-
tively large fish. Size ranges (shell lengths) of c¢lams eaten by each
fish species at Kopachuck were relatively small (< 3/4 inch or 20 mm)
suggesting that large size may constitute a refuge from fish predation.
In many areas planted clams may grow large enough to escape this type
of predation by the end of their first growing season.

Three species of duck, the white-winged scoter (Melanitta delqan-
di}, surf scoter (4. perspicillata), and American scoter (oidemia
americana),--shown in Figure 16--which winter in high numbers in inland
marine waters of Washington, can be very destructive to unprotected Ma-
nila clams. After feeding on clams, numerous small pits or depressions
may be seen in the substrate. Although not observed to prey upon
planted clams at any of the study sites, a small amount of scoter, or
other bird predation, may have occurred.

An investigation by Glude (1964) conducted in Dabob Bay, located
in Washington's Hood Canal, demonstrated that each species of scoter
consumed Manila clams, with predation by the white-winged and surf sco-
ters being most significant., An apparent decline in number of small
Manila clams from about 1/5 to 3/4 inch {5 to 19 mm) in Tength was de-
tected on a Dabob cTam flat during November to March when the ducks fed
on them. Although Glude reported that few clams over 1 inch (25 mm)
were eaten in Dabob Bay, Neil Bourne (personal communication) found
that white-winged scoters can ingest clams up to 2 inches (50 mm) in
length. In Japan, scoters are considered to be the most important
predators of Manila clams (Bardach et al. 1972), where up to 52 clams
from about 2/5 to 4/5 inch (10 to 20 mm) per bird were consumed daily
for 150 consecutive days (Cahn 1951).

Four species of starfish, the sun star (Pyenopodia helianthoides),
mottled star (Evasterias troschellii), pink star (Pigsaster brevispinus),
and ochre star (P, ochraceus)--shown 1in Figures 17 through 20--were
occasionally found intertidally on various study beaches, According to
Quayle and Bourne (1972}, only the sun star and mottled star are serious
clam predators. However, nearly all starfish observed occurred at tide
levels below planted areas and therefore probably did little ham to
planted ¢lams.
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White-Winged Scoter Figure 16 Scoter ducks. From
—engin 31 bs Ducks at u Distance: A Waterfowl
e o ‘ Identification Guide, by Bob Hines,
At U.S. Fish and Wildlife Service,

U.S. Department of Interior. 1978.

In certain instances (e.g., Filucy Bay}, the mantle cavity of
Manila clams may be inhabited by commensal "pea crabs" (Figure 21}. Pea
crabs, which are more common in other clam species, do not harm their
hosts or affect edibility of c¢lams. However, for aesthetic reasons,
clams containing such crabs may not be marketable and are therefore
undesirable in commercial culture. Although found infrequently, at
particular areas the crabs may occur in abundance.

Figure 17 Figure 18
The sun star, Mottled star, N
Pyenopodia helianthoides Evasterias troschellit



Figure 19 Figure 20
Pink star, Ochre star,
Pisaster brevispinus Pigaster ochraceus

Figure 21
Pea crabs,
Pinnotheridae
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Methods for Planting and Grow-out

Obtaining Permits and Governmental Approval

To engage in clam farming or other aguaculture, approval of sever-
al governmental agencies is needed. Certain agencies require that per-
mits and licenses be obtained. For some environmental permits, detailed
drawings of proposed culture plots (and any other shoreline or floating
structures to be built) are required with the permit application.
Therefore, detailed plans should be made well in advance of planting.
Further, various regulations and guidelines must be followed after
approval is obtained.

Regulatory agencies and processes include: Department of Social
and Health Services {DSHS) and Tocal health authorities--concerned with
the safe consumption of shellfish; monitors pollution and paralytic
shel1fish poison, certifies commercial shellfish growing areas.

Department of Fisheries (WDF )--manages and safeguards Washington's
marine shellfish resources; approves potential shellfish projects on a
case-by-case basis; issues clam or oyster farm licenses and hatchery
licenses.

Department of Natural Resources (DNR)--manages all beds of navi-
gable waters and most state-owned tidelands; leases DNR-managed aquatic
lands for aquaculture.

Local governments--have primary authority over shoreline develop-
ments; control shoreline development by a permit systenm.

State Environmental Policy Act (SEPA)--requires an environmental
impact statement (EIS) before a government decision is made on a major
project which significantly and adversely affects the environment; SEPA
guidelines help to determine when an EIS is required.

Army Corps of Engineers--regulates work in all navigable waters;
supplies permits for project affecting the course, location, condition,
or capacity of navigable waters.



A better understanding of the regulatory process is provided in
Chapter 7 of a recent Washington Department of Natural Resources publi-
cation entitled "Introduction to Shellfish Aquaculture in the Puget
Sound Region" (Magoon and Vining 1981}. This reference manual may be
obtained for $5.00 by writing:

Department of Natural Resources
Division of Land Management
Public Land Building

Olympia, Washington 98504
Talephone (206) 753-5324

Additional information regarding aquaculture and environmental
permits may be found in a booklet entitled "Operating a Business fin
Washington State: Volume III, Resource Protection Requirements." This
booklet is published by the Department of Ecology (DOE) and may be
obtained for free at any DOE office, or by writing:

Department of Ecology

Mail Stop PV-11

Olympia, Washington 98504
Telephone (206) 753-2800

Culture Plot Design and Construction

When a suitable Tocation for a clam farm has been obtained, the
site should be evaluated to determine the appropriate number, size, and
orientation of culture plots to be constructed. (Tools and materials
needed for construction of culture plots are listed in Appendix B).

The primary factors affecting plot design are tidal range, beach
slope, and total area a harvest crew can work on an average Tow tide,
Unequal, semi-diurnal tides (i.e., two high and two low tides on each
daily cycle) occur in the Pacific Northwest. In Puget Sound, maximum
tide range is approximately 23 ft (6.9 m) near Qlympia, Washington, but
decreases to approximately 16 ft (4.8 m) at Neah Bay, Washington
(Magcon and Vining 1981)., Thus, a wider tidal range in south Puget
Sound s usable for culture plots than in northern areas.

Beach slope also Timits the zone of usable intertidal areas as
measured perpendicular to the water line. 0On a steep beach, the dis-
tance between two tide levels is less than on a gently sToped beach.
Therefore, on a very steep beach, plots are best oriented with the
longest dimension parallel to the shoreline, This allows all clams to
be planted at a tide level where growth is optimal., On a gently
sloping beach, plot orientation is less dependent upon slope.

The time required to harvest a culture plot--including excavation,
remgval, and possible replacement of netting--during a single Tow tide
should ultimately determine plot size. Plot sizes of 100 to 150 square
yards {or square meters) may be most easily managed on clean, firm sub-
strates such as sand-gravel beaches. On muddy beaches and in areas of
heavy fouling, smaller plots (100 square yards or less) will be most
practical for culture work.

While actual construction of a culture plot is the same for any
size, use of large plots will require that pieces of netting be joined
together due to the limited widths of commercially produced netting
("Car Cover”" comes in 12-ft-wide rolls). Netting can be taken to the
culture site, rolled out, and cut to Tength. The pieces are then sewn
together as necessary to make one large net. Alternately, entire nets
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may be prefabricated before transport to the beach., The netting may be
purchased from suppliers as listed in Appendix C.

Once netting has been prepared, a trench should be excavated around
the perimeter of the plot. The netting is Tlaid out and positioned on
the plot., Extra netting on all sides should fall into the trench. The
netting is then anchored by stretching it tightly and pounding stakes
through the netting along the base of the trench every 10 to 20 ft (3
to 6 m). Next, excess netting is folded into the trench and buried com-
pletely with sediment, filling the trench to beach Tevel. The plot is
now ready for seeding. (Note: If seed clams over 1/4 inch or 6 mm in
Tength)are used, the plot should be seeded before the netting is put in
place.

Acquisition, Care, and Handling of Clam Seeds

Before clam seed can be imported to Washington, the importer (the
clam grower) must obtain a Shellfish Importation Permit from the
Washington Department of Fisheries. This procedure applies only to im-
port of non-exotic species which already inhabit waters of this state,
The permit is free and may be requested by letter addressed to:

Director

Point Whitney Shellfish Labaratory
Washington Department of Fisheries

600 Point Whitney Road

Brinnon, Washington 98320

Telephone {206) 754-1498 or {206) 796-4601

Required information in the permit application includes:

name and address of importer,

name and address of clam seed producer,
amount of seed being imported,

. when and where seed will be planted,

5. intended use of seed,

-D-(.»Jr\)l—a
Ll L] L)

If clam seed are not planted on the day of their arrival from the
hatchery, a holding facility is needed., They require cool, aerated sea-
water to remain alive. Two types of systems can be used;

1. Static System

Clams are placed in a large, clean container of fresh sea water.
Water should be changed daily if kept cool and aerated, twice daily or
more if not. Water is best kept in the range of 46° to 77°F (8° to
25°C)}. This method is adequate for less than 4 to 5 days, but not
recommended when seed clams must be held beyond this period.

2. Seawater Holding

It is best to hold the seed clams until planting by placing them
in lantern nets (see Appendix C for supplier), fine mesh bags, or any
similar device suspended in sea water from a dock or float. This
method is advantageous in that it allows clams to acclimate to ambient
sea water conditions.

Seed clams 1/8 to 3/16 inch (3 to 4 mm) in length may be cbtained
from several Pacific Coast hatcheries {see Appendix C for suppliers).
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They typically sell in Tots of 1000 clams at prices of $4.00 to $6.00
per thousand. Some hatcheries offer lower unit prices for very large
orders (i.e., over 1 million seed)., Most hatcheries request that seed
be ordered at least 3 months before delivery.

Hatchery clam seed is certified against disease and packed in sty-
rofoam containers for shipping. Orders are shipped via air freight and
normally arrive within 24 to 36 hr. They should be picked up promptly
and placed back in cool sea water to minimize stress from extended
pericds out of the water.

Planting Seed Clams

When planting small seed clams (< 1/8 to 3/16 inch or 3 to 4 mm}
netting plots should be prepared in advance, Advance preparation of
plots allows time for substrate to resettle and thereby provide a bet-
ter environment for the clams.

In commercial culture schemes, several large plots might be plant-
ed over a short period. To spread seed evenly throughout each plot,
small batches, or subunits, of seed should be planted in each plot rath-
er than seeding an entire plot from one batch, This is done by divide
ing each plot into subunit areas, e.g., marked off by stakes, or string,
and planting equal subunits of seed in each). ,

The number of clams in a planting subunit is chosen so that a
desired density (number of clams per square foot, etc,) will result.
In experimental plantings, relatively small subunit areas of 10 square
yards (or meters) or less were used.

Since counting out a large number of seed clams is impractical,
the number of clams for the subunits must be estimated. Estimates can
be made on a number per volume basis, although a system based on the
number of seed at a given weight is probably more practical, especially
when dealing with large numbers of small clams. Before using either
method, clam seed should be thoroughly mixed together to insure even
size distributions between batches.

Clams should be divided into planting subunits at least several
hours before planting. While clams are being transported to the plant-
ing site they must be kept cool and moist, Clam seed may be planted by
scattering them as evenly as possible through each subunit area. Ad-
ding a small amount of water to each batch of seed as they are planted
may facilitate separation of individuals,

Planting should be done on an incoming tide, starting at the low-
est beach leve)l and proceeding upward, ahead of the rising water. This
prevents exposure of clams to the drying effects of the sun, If shells
of the seed clams dry, surface tension at the air-water interface can
cause them to float and be carried way. To prevent this, on warm, calm
days, sea water should be splashed or sprayed over newly planted clams
until the tide covers them. On windy days, when waves higher than
about six inches occur, planting should proceed cautiously and possibly
be postpened. Wave action can wash clams from planting areas before
they have had a chance to burrow. However, if currents are not too
great, clams may be planted even when the site is covered by a foot or
more of water which allows planting in the presence of small waves.

Up to 3000 ft2 (280 m2) have been planted during one Tow tide by
two persons, using methods described above, but other methods may be
equally suitable for large-scale plantings. When covered by calm
water, healthy seed clams are capable of digging into the substrate
within minutes, so there is no need to bury them. (A time schedule for
planting seed is provided in Appendix D).
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Use of Netting to Improve
Productivity of Natural Clam Beds

In experimental plantings at a variety of locations, densities of
wild Manila clams often increased beneath net-covered areas. Since
most of these clams had not recently settled--having shell Tengths of
1/8 to 1/4 inch (3 to 6 mm)--it appears they were concentrated beneath
the netting after being scoured by waves from the beach and washed into
the netting plot. Also, netting placed on beaches where natural settle-
ments of Manila clams occur will significantly increase survival of the
spat. In Puget Sound, Manila clams may spawn in early summer and again
in late summer (Williams 1978). Therefore, to take advantage of natur-
al settlements, netting should be put out in Tate fall. This way, the
present year's spat will be protected as well as any new settlements in
the following year.

Culture Plot Maintenance and Fouling

Well-maintained culture plots will easily last 3 years although
during this period netting damage may occur which will require repairs.
Since failure to adequately maintain plots may result in loss of clams,
routine inspection is important.

Commonly observed damage in experimental planting studies included
separation of seams and tears caused by drift logs or debris. Open
seams or tears may simply be stitched together, but in some cases,
pieces of netting may be needed to patch holes.

Biological fouling may present some problems at certain Tocations
during spring and summer. Two potentially serious fouling arganisms
are the common bay or blue mussel, Mytilus edulis, and barnacles,
Balanug spp.). Both organisms will settle on netting ang,
when attached in great number, greatly add to the weight of a section
of netting, clog the mesh, and compete with clams for food. Mussels
are difficult to remove because they attach firmly with tough byssus
threads. [f the problem is severe, fouling organisms may be removed
manually, with the aid of a brush or other tool.

Algae sometimes form mats under netting plots and occasionally
thick piles of drift algae may cover netting plots at Tow tide. Unless
severe enough to create anaerobic conditions, such algae may actually
be beneficial by insulating clams from high air temperatures. Microal-
gae or diatoms may form a brown, hair-like web on the netting surface
but cause no harm. However, if any algal fouling occurs on a netting
surface prior to planting, it should be removed with a push-broom.

Crop Management and Standing Crop Estimation

When Manila clams reach minimum market size {about 1 1/2 inch or
35 to 38 mm) they may be harvested for sale. It may, however, be more
profitable to delay harvest for up to an additional year because Manila
clams gain significant weight during this period. As shown in Table 5,
the weight of planted clams may more than double between the ends of the
second and third growing seasons. Weight gains beyond the third season
in this example would not warrant further postponement of harvest.

Total grow-out time, however, will vary substantially between loca-
tions. Although some growth data for certain parts of Puget Sound has
been provided (Table 1), it may be useful for growers to monitor growth
at their particular location for at Teast one full crop cycle. Such
monitoring will also allow standing crop to be estimated.
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Table 5. Weight increase between growing seasons for Manila clams
planted at Hartstene Island study site #1.

Growing season completed Second Third Fourth Fifth
Average no. clams per kg 92 43 30 24
Average no. clams per 1b 42 19 14 N
Average shell length 1.6 1in. 1.8 in. 2.0 in. 2.1 in.
or or or or
36.6mm 45, 8mm 50. 8mm 53.5mm

Growth rate after planting is estimated by periodically collecting
clams from representative culture plots and determining their average
shell length or live-weight or both, For convenience, a conversion
table for converting shell length to live-weight is provided in Appen-
dix E.

A rough estimate of standing crop (i.e., the total weight or num-
ber of clams in a given culture plot} is obtained by taking several
uniformly-sized core samples of sediment from each plot and determining
the average number of clams per core. Then, the number of clams per
core may be extrapolated to estimate the total number of ¢lams in the
plot. Similarly, weight of clams per core may be used to estimate bio-
mass in each plot. (Specifications for construction of sieves, which
are useful for processing core samples, are provided in Appendix F and
standard, scientific procedures for taking samples are outlined in
Appendix G.)

Harvesting Methods

A wide range of technology exists for harvesting clams. Harvest-
ing gear may be categorized as: 1) hand=held implements such as tongs,
¢lam forks, rakes, and shovels; 2} dredges pulled by hand or boat; and
3) hydraulic-escalator dredges. In Washington, hydraulic-estalator
dredges are regulated under a permit system and are used to harvest
both subtidal and intertidal stocks of clams. However, most intertidal
harvest is done by hand. Hand tools most commonly used in Washington
are longed-tined clam forks and short-tined hand rakes.

The Manila clam, a shallow intertidal burrower, is eastly harvest-
ed by hand if the substrate 1is not too coarse or compacted. Once
harvested, clams are submerged in floating trays called "sink floats"
where they cleanse themselves of sand. The following day or later, the
clams are packed and seld to a fish buyer. Some buyers will pick up
clams directly from the grower which substantially reduces transporta-
tion costs.
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Record Keeping

Management of clam farm activites will be improved if well-organiz-
ed records of all farm activities are maintained (see Shang 1981}. Up-
to-date and accurate records will provide a broad base for farm manage-
ment decisions and may be invaluable in the event of legal proceedings
which require a grower to show proof of lToss. Record keeping may there-
fore serve as important insurance.

Certain records of production and sales are required by the
Washington Department of Fisheries (WDF}. Daily sales of clams must be
reported on a Shellfish Receiving Ticket each day and be reported on a
monthly basis using a Hardshell Clam Production Report form.  Clam
farms or leases wusing mechanical harvestors report catches on a Clam
Harvest Log. Copies of these forms may be obtained by writing:

Washington State Department of Fisheries
Room 115, General Administration Bldg.
Olympia, Washington 98504

Telephone {206) 234-6749
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Economic Prospects of Manila Clam
Aquaculture in Washington State

Commercial clam aquaculture is relatively new in the United States
and very little information is available concerning the economics of
clam farming, Pilot-scale studies of Manila clam aquaculture in Puget
Sound have provided some basic information pertaining to prospects for
its successful implementation in Washington State,

Table 6 lists capital investments made in 1979 to establish large
culture plots at Filucy Bay and Wescott Bay. Higher labor costs for
plot construction at Wescott Bay were related to poor substrate condi-
tions; trench excavation was hindered by patches of hard-packed clay.
Other costs were the same for both locations and varied directly in
relation to plot size. The average cost of each plot was approximately
$4.46 to $4.65 yd2 ($5.33 to $5.56 m¢). Present costs for the same
plots would be higher when adjusted for inflation., Certain expenses,
such as taxes, insurance, professional fees, mortgages, and major build-
ing costs, could not be estimated from these studies.

Harvest costs, which incTude crew wages (no benefits), lease royal-
ties, processing, and harvest equipment are listed in Table 7. Since
many fish buyers in Washington purchase clams directly at the harvest
stite, it is assumed that transportation costs to the grower are mini-
mal. Annual equipment costs, which vary depending on the size of the
operation, were estimated to be approximately 3% of the total harvest
cost (or $0.02/kg harvested). Hence, a difference is seen between
Filucy Bay and Wescott Bay in equipment costs.

Expected net profits from these two culture plots were calculated
as the difference between total cost and wholesale value of the c¢lams
{Table 8). The average wholesale price for littleneck clams in 1980
was used because price tends to fluctuate seasonally in Washington.
According to the figures shown, the plot at Wescott Bay would be unprof-
itable to harvest at the time when clams were of minimum market size,
whereas clams harvested at Filucy Bay would return a net profit of ap-
proximately $0.30 on each dollar invested. However, profits from each
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Table 6. Estimated total capital investment in 1979 for the 10 X 30m
(Filucy Bay) and 10 X 25m (Wescott Bay) plots.

Item Cost
Filucy Bay Wescott Bay

Clam seed® {$4.00/1000 seed) $1218.56 $1015.46
Vexar™ car cover netting’ $ 156.86 § 131.56
Wooden stakes, twine, nails, etc. § 17.46 $ 14.64
Labor ($4.50/man-hour)

1. net fabrication $ 123.19 $ 123.19

2. plot construction $ 38.25 $ 63.00
Seed preparation and planting $ 24.55 $ 20.45
Plot maintenance® $ 22.50 $ 22.50
Total $1601.37 $1390.80
Average cost/m° $  5.33/m° $  5.56/m°

aP'Iant'ing density = 1000 seed/mz; includes shipping charge.

bCa1cu1ated for two layers of netting at $0.23/m2/1ayer.

“Estimated 5 hours maintenance time per plot for 3 yrs.
Wage rate = $4.50/hour,

Table 7. Estimated harvest costs for culture plots at Filucy Bay and
Wescott Bay. (1980 values)

Filucy Bay Wescott Bay
Live biomass to be harvested 1952.,965 kg 823.290 kg
Harvest crew wages ($0.53/kg)a $1035.07 $436.34
Equipment? (§0.02/kg) § 39.06 $ 16.47
State lease royalty ($0.07/kg) $136.71 $ 57.63
Total harvest cost $1210.84 $510.44

Ancludes wages paid for on-site processing and washing.
bEstimated cost to replace or repair harvest equipment.
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Tabie 8. Estimated total cost and expected profit for culture plots at
Filucy Bay and Wescott Bay.

Costs Filucy Bay Wescott Bay
Capital investments® $1601.37 $1390.80
Harvest cost $1210.84 $ 510.44

Total $2812.21 $1901.24

Expected Profit
Wholesale value of clams harvested” $3652.04 $1539.55
Net profit after total costs +%$ 839.83 - § 361.69
Monetary return of each dollar invested +% 0.30 -$ 0.23

calculated in 1979 dollars.
bAverage annual wholesale price approximately $1.87/kg in 1980,

location could be greatly improved by extending the grow-out period for
another year.

Profits can also be increased at locations where wild clams will
contribute to the total harvest., Wild clams return greater profits
than planted clams since they have only a harvest cost associated with
them, For example, approximately 1400 1b (635 kg) of wild Manila clams
wilil be harvested from the 10 x 30 m plet at Filucy Bay. After deduc-
ting harvest costs, these wild clams will contribute an additional
$793.54 in profits,

Although a complete economic analysis of Manila clam aquaculture
was not possible in these studies, the results suggest that commercial
clam aquaculture may be economically feasible at the present time. At
best, however, only marginal profits should be expected under normal
conditions with good management practices., The greatest opportunity
for success in Manila clam aquaculture appears to lie with the clam
growers and oystermen who have already made the major capital invest-
ments necessary to initiate large-scale Manila clam agquaculture.

Conclusions

Manila clam aquaculture is biologically and at least marginally
economically feasible in Puget Sound. The practicality of using plas-
tic netting to protect intertidally planted clams has been demonstrat-
ed. Success of commercial clam aquaculture, however, will still depend
upon adequate culture site evaluation, sound crop management practices,
good business management, and patience in dealing with regulatory con-
straints. Certain risks must also be accepted, such as unfavorable
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changes in production costs or wholesale clam prices, episodes of pollu-
tion, or PSP outbreaks which may temporarily close beaches for clam
harvesting.

It is hoped that this publication will provide worthwhile informa-
tion about the potential for clam aquaculture in Puget Sound. More
importantly, it s the authors' wish that this report will serve as a
general guide to those with an active interest in commercial Manila
clam aquaculture. Most certainly, the information will be very useful
to noncommercial holders of private beaches who contemplate the pur-
chase of clam seed for planting.
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Appendix A
Tide Level Determination

Tidal height for planting Manila clams (about +3 to +6 feet above MLLW)
can be determined by the following methods.

a.

By leveling from one of the many U.S. Coast and Geodetic Survey
tidal bench marks distributed throughout Puget Sound.  (Call
Seattle 206-442-7657 for their location.)

By using a tide calendar or tide table to determine the tide
Tevel at a particular time for your location. (Call Seattle
206-442-7657 for daily tidal corrections.)

By Tleveling from the uppermost limit of barnacles, if present
on the upper beach. Barnacles will survive in central Puget
Sound to approximately the 10-11 ft tide level. The upper
barnacle level is about 2 ft higher in south Puget Sound and
about 2 ft lower in the Port Townsend area,
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Appendix B

Required Supplies and Materials

General

rubber boots
rubber gloves
rain gear
water-proof notebook
pencils

knife

tide chart
clipboard
calculator
thermometer
permits, etc.

Surveying

tide chart with correction table

benchmark map

handheld eye level or surveyors
level

sighting pole or stadia rod

30 x 2 x 1 inch cedar stakes

Sampling

core sampler

sampling quadrat

trowels

screens (smallest mesh =
1/4 inch or 6 mm)

screen stand

buckets

labels (water-proof)

plastic bags

rubber bands

stakes (temporary markers)

shovels

meterstick

vernier calipers or ruler

Maintenance

plastic netting

twine or netting ties
stakes

nails

sledge hammer

shovels

push brgom

Nighttime Work

lanterns (at least 2)

Tantern fuel and funnel

extra lantern parts

lantern stands (i.e., tripod with
hanger)

matches

flashlights

Netting plot construction

plastic netting

twine/cord

net sewing needles (no. 5/4)
plastic netting ties

tape measure

30 x 2 x 1 inch cedar stakes
nails

16 0z, hammer

sledge hammer

Planting

containers for clams (i.e., small
plastic tubs with lids)

ice chest

ice

scales/balance

qgraduated cylinders

buckets

tape measure

stakes (temporary markers)

Harvesting

clam forks

shovels

buckets

porous bags (e.g., onion sacks)

float (or other method for sand
depuration of clams

nighttime work gear (for winter
harvest)
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Appendix C
Suppliers of Clam Seed
And Other Aquaculture Materials

Shellfish Hatcheries

Pacific Mariculture, Inc. Pigeon Point Shellfish Hatchery
P.0. Box 336 921 Pigeon Point Road

Moss Landing, CA 95039 Pescaderc, CA 94060

Phone (408) 633-3548 Phone (415) 879-0391

Attn: Chet Belknap

Coast Oyster Company
Hatchery Division
P.0. Box 635

Ocean Park, WA 98640
Phone (206) 665-4075

Plastic Netting

Consolidated Net and Twine Co., Inc. Conwed Corporation
Box. 5223, University Station 1105-16th Street S.W.
Seattle, WA 98105 Puyallup, WA 98371
Phone {206) 784-5100 Phone (206) 848-5880

Attn: Nick Budnick

Lantern Nets

Culture Fisheries, West Coast Representative
Webb Camp Sea Farms, Inc.

4071 Westcott Drive

Friday Harbor, WA 98250

Phone (206) 378-2489

Attn: Bil11 Webb

Miscellaneous Materials

Most other materials mentioned in this manual can be purchased at any
hardware store or fishermen's supply. See also Magoon and Vining
(1981) for their list of suppliers.
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Appendix D
Time Schedule for Planting Seed

At least 18 months before planting seed for commercial purposes,
obtain suitable tideland and initiate the permit process if
necessary,

Approximately 5 months before planting (September-December):

a. determine amount of seed and number of plots to be planted

b. design plots

¢. order seed and other materials, allowing at least 5 months
advance notice on seed grder

d. obtain seed importers permit from WDF

One week or less before planting:

a. prefabricate nets and build culture plots

b. prepare holding facility for seed clams

¢. check on seed order to insure delivery

Three to 5 days prior to planting:

a. check weather forecasts for planting day

b. take delivery of seed shipment

¢. check plots for last minute modifications if necessary
On the day before planting:

a. portion out seed for planting subunits

b. mark out planting subareas on culture plots

¢. perform a planting "dry run" on incoming tide
d. c¢lean from plots any attached algae or diatoms
Plant seed.

Three to 5 months after planting, sample the culture plots to
determine growth and standing crop.



Appendix E
Length vs. Live-Weight Approximations
For Manila Clams

Cultured in Puget Sound
Length Weight Length Weight No. clams/pound
(mm) (g)b (mm) {q) (clams > 33 mm)
9 0.13 33 7.57 60
10 0.18 34 8,31 55
11 0.25 35 9.09 50
12 0.33 36 9.92 46
13 0.42 37 10.80 42
14 0.53 38 11.74 39
15 0.65 39 12.73 36
16 0.80 49 13.77 33
17 0.96 41 14.87 31
18 1.15 47 16.02 28
19 1.36 43 17.24 26
20 1.59 44 18.52 25
21 1.86 45 19.B6 23
22 2.14 46 21.26 21
23 2.46 47 22.74 20
24 2.81 48 24,27 19
25 3.19 49 25.88 18
26 3.61 50 27.56 16
27 4,05 51 29.31 15
28 4,54 52 31.14 15
29 5.06 53 33.04 14
30 5.63 54 35.01 13
31 6.23 55 37.07 12
32 6,88 56 39,21 12

aLive-we‘ight values were calculated using the regression:

i. In(live-weight} = 3.11 x In(length) - 8.85 and then doing
an e transformation,

or,
fi. live-weight = (1.433 x 107%) x (length)3+1!

bThese values are accurate to 0.1 g. Two decimal places are
given to allow for rounding.
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Appendix F
Construction of Sieves

I. Sieves (enough for two)

8 - 1" x 8" x 15" fir plank

8 - 1/2" x 1" x 15" fir strips
16 - corner braces with screws

1 - 24" x 48" pc 1/2" mesh hardware cloth, trim to 15" x 15"
1 - 24" x 48" pc 1/4" mesh hardware cloth, trim to 15" x 15"
Assorted nails, galvanized

In addition to corner bracing, the sides should also be nailed to-
gether. The hardware cloth should be attached to the wood frame using
staples or horseshoe tacks and then secured with the wood strips., Lon-
gevity of the sieves may be increased by treating with a good
preservative,

I1. Sieve Stand

4 - 14" angle iron

4 - 16" angle iron

1 -221/2" angle iron
8 - 1" x 8" flat iron

A sieve stand of this design will be most sturdy if welded rather
than bolted together. Note also that the center piece of angle iron
(22 1/2" piece) should be concave upwards, thus giving two points of
contact at each end.
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Appendix G
Sampling Procedures and Estimation
0f Standing Crop

G.1. Standard Sampling Procedures

1. Random Sampling Method

In random sampling, it is assumed that planted clams are not dis-
tributed evenly within each plot. Therefore, sampling is conducted to
allow an equal opportunity to sample every clam. In this way, unbiased
and accurate estimates of growth and density can be made. Briefly, a
random sample is obtained in the following way:

a. Choose a standard sampling unit such as a hellow cylinder, 4 to 6
inches (10 to 15 cm) in diameter and about 10 inches (25 cm} long
(a 2-Tb size coffee can s suitable).

b. Determine the number of sample units to be taken in each plot.
Eight cores of the size given above per 500 ft2 (47 mz) of area
will yield adequate information.

c. On graph paper, draw a diagram of the plots to be sampled, allow-
ing each grid to equal 1 ftZ2 (0.1 mé). Each row and column should
then be numbered in sequence beginning with zero {proceeding top
to bottom for rows, left to right for columns) so that each grid
can be identified by unique row and column coordinates.

d. The locations at which core samples are taken, which correspond to
the graph paper grids, are selected by using a random number
table. (A random number table and directions for its use are
provided in Appendix G.3.)

2. Systematic Sampling Method

Systematic sampling is simpler and somewhat faster to perform than
random sampling, but will yield accurate estimates only when clams are
distributed uniformly within each culture plot. Therefore, clam seed
must be planted very evenly and the area under culture not exposed to
appreciable wave and current activity. Sytematic sampling may be per-
formed as follows:

a. Select a standard sample unit and determine the number of samples
to be taken as described for random sampling.

b, Establish horizontal sample lines or transects through the plot
parallel to the water's edge. One transect for each foot of eleva-
tion within the plot - with at least 2 transects per plot - fis
usually suitable. Positions of transects are chosen along the
vertical plot dimension using the random number table in the same
manner as described above.

c. Beginning at a randomly selected point, core samples are taken at
equal intervals over the length of the transect. For each tran-
sect, the first yard {or meter) should be divided by inches number-
ing from 00 to 35 (or 00 to 99 if using meters). Using the random
number table, select a number which falls in this range as the
Tocation of the initial core sample. Subsequent core positions on
the transect are located at equal intervals sg that at least 8
cores are taken per 500 ftZ of plot, For example, if the first
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core is to be taken at inch 27 and a l-yd interval is chosen, the
end of the tape measure is placed at inch 27 and subsequent core
locations are marked at yard 1, yard 2, yard 3, etc., until the
plot is cressed. 1f three transects are established for sampling
a plot of 2000 ftZ, about 11 samples per transect should be taken.

3. Stratification in Sampling

A culture plot may often be situated on a steeply sloped beach
with a vertical change of >2 ft (>0.60 m) within the plot, or its
substrate may consist of patches of two or more distinct sediment types.
When such conditions exist, a more precise estimate of production can
be obtained by dividing, or stratifying, the area to be sampled by tide
height and/or sediment type.

For example, if a plot is situated between +2 ft and +5 ft {(+0.6 m
to +1.7 m) above MLLW, it may be divided into equal sized subareas
which approximate the +2 to +3 ft, +3 to +4 ft, and +4 to +5 ft tide
levels. FEach sub-area (or stratum) should then be treated separately
and can be sampled randomly or systematically with an equal number of
sample units taken in each., If equal-sized strata cannot be selected,
as may be the case when stratifying by sediment type, the number of
sample units taken in each should be roughly proportional to the area
of each stratum,

4, Sampling Technique and Standing Crop Calculation

When sample locations have been selected, they should be marked on
the plot diagrams and sample identification tags prepared. Sample tags
should be made of waterproof paper of surveyor's tape and written with
indeTible ink or pencil, and indicate plot number, sample position, and
date,

To obtain samples, the sampling device (core, etc.) should be cen-
tered over each sample position and pushed into the substrate approxi-
mately 5 inches., Manila clams tend to burrow deeper in pea gravel than
in large cobble or mud. The core is removed with aid of a garden trow-
el and sediment from each sample placed with its tag in a separate
plastic bag.

Each sample should be washed through a set of sieves to partially
separate clams from sediment. Sieve mesh sizes of 1/2 and 1/4 inch {13
and 6 mm) are usually suitable., As considerable time is required to
sort clams from material small enough to pass through a 1/4 inch sieve,
a1low seed clams to grow for 3 to 4 months prior to sampling to elimi-
nate the need for a smaller mesh sieve. Clams may be measured at once
after screening or kept for later analysis by refrigeration or
freezing.

Shell length of clams from each sample should be measured using
either Vernier calipers or a ruler. Live-weight of each clam may also
be taken using an appropriate balance or refer to Appendix H for
approximations. The following data should be recorded for each sample
unit: plot identification number, date collected, plot stratum and
transect numbers, coordinates of sample unit within plot or location on
transect, sample unit area {i.e., area sampled by each core), and total
number of clams by species. The following data should be recorded for
each clam (commercial species) within the sample unit: species, shell
length, and live=weight. Using this data, standing crop may be calcu-
lated as shown in Appendix G.2.
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G.2. Calculation of Standing Crop

Standing crop = (average clam weight)(density of clams){number of sam-
ple units in plot}

1, Average clam weight (1b or kg) = total weight of clams sampled

total number of clams sampled
total number of ¢lams sampled
number sampTe units taken
total area of plot
sample unit area

2. Density of clams (number/ =
sample unit)

3. Total number of sample units =
in plot

When stratified sampling is used, standing crop for each stratum or
subarea should be calculated and then summed for the entire plot to
yield total standing crop.

Example of standing crop calculation:

sampiing method used = random sample; unit = 2 1b size coffee
can

13,406 1b or 6.081 kg
429

30

200 yd2 or 168 m?
0.0154 ydZ or 0.0125 m2

2
(13.406 ]b){429 c1ams)( 200 yd )

total weight of clams sampled
total number of c¢lams sampled
number of sample units taken
total area of plot

sample unit area

Standing crop

479 cTams’" 40 units’ 0.0154 yd<
= 4352.6 1b 8r 1970.5 kg
= 21.7 1b/yd¢ or 11,7 kg/m?
Total number of clams in culture = 139,425
= 697 clams/yde or
808/m2

G.3. Random Number Table

To use the random number table, an arbitrary starting point is
selected within the table. From this starting point, write down pairs
of consecutively selected numbers which fall within the range of plot
diagram coordinates. For example, if on the plot diagram, rows are num-
bered 00 to 10 and columns 00 to 50, only two digits from each group of
three in the table need be used. Thus, 204 may be read as 20 or 04 de-
pending on which two are chosen. The same two (first or last) should
be selected from each number group, moving through the table as if
reading a book or reading down each column. Only numbers falling in
the range of the rows and column may be chosen, those outside should be
discarded. For example, if the second two digits were chosen from each
group, selections in the random number table locating five sample posi-
tions might look as follows:

204 817 931 610 828 088 001 198 721 320
509 00T 457 900 542 390 637 012 313 991
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From these selections, sample units would be taken at the following
coordinate positions:

Row Column
04 17
10 28
01 21
09 01
00 42

The five coordinate pairs selected would now be marked on the plot dia-
gram. In the event duplicate pairs are selected, the second is discard-
ed and a new pair is selected, continuing in the table from where the
last selection was made. When the end of the table is encountered dur-
ing selection, simply go back to the beginning of the table (or a new
starting point) and continue on. After the initial sampling, care must
be taken to avoid sampling the same core positions in later samples.

Random number table.

Numbers should be read proceeding from left to right, top to bottom. At
the end ¢f the table, return to the beginning and continue selections.

L1.1J 950 TAs 297 LK ] 21% a0s L 142 132 LR]] bLY SR 27e
829 A% 990 W7 651 94 217 136 867 Bl1& 540 18 L3 TN 165 9]
FLL] L1 I8 any BRg ry-TH 4 BT1 831 cok 209 [L1] [L.1% 628 ey 457
234 ELY] 59 w41 WBs 82) 210 832 152 Mah  ATT A2s 316) 2582 281

a7a8 93 3Le ERG &S0 Sla (1) JAg 1% L1-3] 1o Te2 &é| 1S Tl
953 “wr? aar [LT8 AwY T+ L3I ana 13 124 ThL SR9 1R 457 213
LY AN 117 £1A &1 Tad 702 507 Tas 587 308 LAg ars 860 LT
LA BS54 LTS EARA SNl 2n1 L84 797 REA 121 218 a2 951 81s 5TY
¥ig 382 LTY” £ns RE7 kLY Thé LL1] 129 Te Tha 9le Thi L1 L s
LT 957 GLA 751 32l Anl 911 LR L1} Adn 458 n&2 as? 342 294
no 7 \Rg L .3 T9 529 (7] 148 R L] 15 185 %1% 49 423
s 955 595 SE3 334 27 ShY a27 [ s Y] &TO 19 02 522 50%
6% ASH 147 504 3gs itA 150 FLoh | Bs 101 98] 3 2592 5] 218
524 10 53 590 Tu? (1 LY 5 409 (131 195 Lbé 159 Al 418

1% SST A 654 T2 200 W3AT a9 9n 992  2TB w44l 674 187 154
9% 9% 127 «2) 2) &7 e 2T &My 166  §97  20% 804 333 JaB
.1} 60 248S 137 AN19 25m e PS7 51 B0 635  m2T  MT 497 522
912 M8 3R 450 SART 3?3 41% 567 W) B0 SZ6 £SI 650 9em  #0R
Q42 06 H2R TPA ERD] B3 kLT 209 ELE 421 50 M 297 5465 b LY}
334 939 SiA 624 3T9 S5%% 258 28] 198 W74 @R} 522 32 e sei
304 8635 An T 519 30 66 808 138 502 el 154 265 13T 419
LL 1 I |78 TS S4& 302 TS)  aT) 91l 1Ah 323 49} TES  TOY 9% TM
BAT BT 185 955 2R 959 134 AS6  ASA 487 T2 952 989 LT 1)
27 19 402 9% A2 45 951 L3 303 498 27 (Y.L téo 157 "l
ST 4TI YA X577 D4 %9 3R} 157 &9 S35 D97 816 950  S4h 480
S4f 146 dia B0 AJ2  YeB  9TZ  AES  A0D] Bl wB2 %19 902 951 959
I MG 2h9 TS4 P2t 4TB 420 62 &9 797 26 =68 169  §96  4%0
731  Gna en 285 Q4R 18 191 265 026 401 939  saT  &0% 977 3O
%7 378 299 %35 619 A&4 &) 295 44T AR BAT 1972 224 S20 95)
TaG 897 A9 217 213 940 948 02 104 LI 254 523 b L] &9 4?
LLL 14 278 805 &77 A9 234 &00 994 TSA 682 372 9 w69 202
T29 S8  AD2 21 455 pm) 32 185 {7e 9 179 s88 353 3N 429
ATN 13 3a3 368 989 360 825 295 494 18 &4 21 488 1S WS
L L1} 1386 954 1 289 27 a0l k1.1 227 BT ” 03 L1-13 408 AB?
Tl 83  TJum Tap 120 88 571 194 PR3 15T 353 45K @A) &% 14
130 242 ATT  TOY 228 472 29T 4le 44T QTH 271 188 642 555 979
B6N 352 Lt 4715 23 192 212 LY L 1T 124 355 *13 812 L1 %] L 11
1%0 58] 3os £26 i T4 893 48 194 Ty %10 ATE Th& 182 249
TIT  ¥PY ITe 251 584 A2%  B13 8L 201 SO0 52 422 684 &8 19

3 S5¢  Age YA 975 T 192 59) 874 349 &8 958 32e 0 BaS
TS  H5S AT 3173 37 3T 861 AB) TST 498 2RT  ABY 854 S55  $nS
132 225 681 T4 155 487 @39 65 9mg  T13 !33 R0 &% 937 Yaa
4%0 138 a8 36 95] &) “3b S04 T52 995 “20 512 252 38 593
[ LI 715 93> 151 460  4A% 294 741 L LI Y E B ST RS R TR T I Y1 ]

% 514 LT ] 1L 2 12% 535 130 %51 2% 904 T84 p1.1] $32 155
486  B90 00 %Al 46T 238 abD  SOT  Sa) 21 et 2TR 31T abZ  eXb

continue on next page...
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Random number table {(continued),

51 [ % [3 164 [ 3 F k.1 175 T26 1.1} LI 246 [ 1] 0% 122 [LE] FL1)
700 TAT %55 21A | esl [Ty 11 sas 2 6T 08 99 2 58
867 %10 a5 754 AZ) She 18% &8s 986 ARS 198 ROA Al2 2T 660
I 431 392  8aY 326 S5y 221 201 su€ QA3 K07 568 199 w25 arz
1 129 &TT ans 611 125 918 T2l T19 985 232 49 Ita 127 21T
163 5an RT2 L]} 41 134 9258 21 317 4135 394 LY hi] &85 251
451 Tl bk 985 522  &AS 139 T2 w2 ngp &8 ASH 254 969 215

S62 911 b L] Rl 183 65 ALY 299 9A9 s07 869 665 16 -2 952
252 510 551 T3t T3r €57 BAL 381 h LI 143 9086 192 433 kL] M
L LY 138 75A ki 3715 sz 527 a9] L] 60 558 ATa 965 259 kL]
s08 678 S 241 eat alw Ta? &3] S6&1 113 13 e 284 400 32
147 &aT &3 LI 95% 230 9 13 38 a0 ab9 T45 a7 260 Lad

482 B9s 3z 419  TO2 396 TOI 556 333 945 891 936 980 Bus 289
513 Tas 251 94  @%&  S9Y AOD 106 360 115 715 259 T&T S83 58S
117 457 €y BOS 3BT AGA 290 3%« 7RO 753 956 326 8 226 159
299 b9 B91 176 367 725 983 166 779 &6 177 889 554 145 63)
13 492 3 170 258 91 239 6B ASA 381 BT 6 48 71N s
146 852 259 153 57  BPe S3T 262 820 Sks A7 Sla 8 564 TIO
(314 B9 329 1las  3nY 10 498 921  alT 182  G9&n  ssm  B&T Q06 BT7
992 S4T 31V 21S  8eA 148  Teb 200 111 51 716 336 B30 e S5T4
447 76 PRM 818 359 35S Il 136 447 949 BIR 492  ADE  b4s  &a7
hLL] 128 43% 107 Te9 398 937 172 13 a8 56 TOA 156 48« 5239
147 &1 126 212 T4} 283 BO% @25 211 272 662 Tal 804 569 6ol
282 ahé 1a9 437 211 LLH 924 789 Aa55  &17 152 «8) 585 104 388

37 750 9a 142 A0 211 e 147 €17 196 481 "9 30 LI T8
30T  TRa #H9 218 893 205 69] 281 L1 27 BBT  &e9  TOS 82 126
|10 TNt Tes FL 2 715 803 &6 BR0 Ah9 265 284 27 LT A1
&%6 330 4l W 2vs 921 624 186 593  &l3 TS5 TSe 929 [ - b ]
B26 599 A2A 451 204 824 3N 104 204 995 979 AS) 138 947 |58
Bs0  &0% oo B2« 10T B38 285 184 156 208 9SA 328 WAD 209 1ab
(3] 2 258 43 122 ™e L1 %] 91 278 942 (2] S8 ale 8499 124
355 69 TS) 871 950  Ge2 211 107 T8 BA1 516 ST6 946 276 54
-T8 785 04 221 602 657 214 890 519 T8 25 r22 k1.1 16T 25!
232 &7 699 267 438 THA T} BT0 3ASE 364 a2 Gk0  &T1 168 AT)
84 AT4 503 &064 208 97 71T ST3 3159 ASA AT  Aa3] 431 e 927
/580 137 411 213 te2  aDT 39l 123 ST S49  S8& 78T 42 9TS 142
9 450 B3R L «02 326 412 [1%4 an) 458 .11} T3 202 LY-2) 165
627 481 LI} 4 195 188 159 64% B3] S64 254 a6e TAQ  Ab) 482
29 6B &R 97 19F 813 LTI 1.3 S B20 G4l &aT 990 a5 268
351 k1Y) Tut &t AT? 193 8T &i2 115 A7 513 286 414 31 T
190 &24  4AT2 140 41& 27 b9 %8 602 AS3 205 481 ST 89 [31.]
£%7  S1T a0l 351 4%%  am? 12 957 218 AX9 4 89 43 212 S04
S 146 TR0 895 3 204 627 205 1469 £24 az2e0 kL] %5 353 &7
pa2 9 BT 812 882 asT  See 147 46T AST 328 370 437 592 48]
| L LY 205 911 T80 289 L L1 58% am 159 LAl b1 Y} 493 179 319 “94
pe3 551 E b kT 100 &bk &l 81 TIA  &37T  Me 143 Sad A8 A%
F1 B0 369 699  oFA 38 Al s0Rm 435 AS9 842  S3T 68T JAI M]
/92 959 %es %48 ST0 A3l 681 531 728 71 468 &30 M) 1S5S
A3 9 96N Y37 B61  B28 459 Th2 172  32)  81) 57 als 19 574
10 824 121 Toe 539 B1T7 66 993 893 JEY 219 319 83 &% T
9 1M1 S0y 518 a6 853 228 ste TSI 836 843 810 4AT F N %] Y
1 158 264 Tay 945 226 629 ”? 38 L h1Y s 520 208 B&2 L}
11} P35 ARn  STS  PSE W3R 123 vAs 252 382 M7 22 1mz W1 o
91 995 3z4  Te9 &5 292 a0 1TS a8l eeb T 31 63T ATe 9%k
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