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The "Conference for Shellfish Growers" has beni sponsored since 1991 by the Washington Sea Grant Program. The
an'rtual event is intended to be an educational forum For rhe shellfish industry and a tool to facilitate infortnation sharing
between industry members locally, regionally, nationally, and international]y. It also provides interaction opporrunities for
industry, researchers and agency repre>ntatives. Conference attendance has been 220 persons in each oF the past two years,
OF these; about 90% of the attendees are from industry. This is probably the Iargest annual gathering of shell6sh industry
members in North America. The success of rhe meetings is largely due to direct grower participation, and the willingness
of researchers and agency personnel to share their knowledge with the industry. Washington Sea Grant Program will
continue to sponsor this conference so long as relevant ropics 'can be identified.

This year the, conference dealt with Manila clam culture, geoduck culture, aspects of oyster farming, and updates on.
selected species with culture potential. I wish to provide the reader with -the following thoughts on how and why the
subject material was developed,

Discussions on various aspects of Manila clam farming have been presented on numerous occasions at this and other
meetings. However, a program that incorporates seed production, nursery methods, the most recent-farming advances and
experiments, and market preparation, had never been developecL All'the salient presentations were made by industry
'members because they are the ones i nnovating in a practical manner. The one exception was Harrison Brecee, a student of
the Norrh Carolina Sea Grant Program. His work on "U-Rake Clam Farming in North Carolina may be applicable in rhe
Pacific Northwest becaus'e the general public only has access to well-worked recreational beaches, and people like ro dig
clams. They may be willing to pay by the pound if given the oppor'tunity to enjoy digging in productive areas,

Of the four presentations in' the oyster farming. session, two dealt with experimental aspects, while the two other
papers discuss Connecticut's substantial oyster industry. My question was "How did the stare of Connecticut restore its
oyst'er industry in, an urban sea?" The reviews presented by John Vo/k, Conn. Dept, of Agriculture, and Bill Green,
Township of Guilford, revealed a large and vibrant Connecticut industry that was restored through a state seeding program
and an active wat'er quality program resulting 'from state and local cooperation. In fact, water qualiry has been restored to
the extent that recreational and comm'ercial fisheries exist within the boundaries of the townships. This is unheard of in the
Pacific Northwest,

Wild geoduck fishery quotas and increased Asian deinand for live product have resulted in marker prices that justify
further research and develo'pmen<. In essence, the high market prices for high quality product h'as created an opportunity
fear the industry and rhe industry is responding. Several hatcheiies have been involved in the various aspecrs of broadstock
handling, seed production, and nursery methods, while growers have been conducting farming experiments. Although not
without'pgoblems, preliminary results have been encouraging. The potential is there for the industry to take a cornmand'-
ing position. in developtnent and marketing. Aquaculture of geoducks will set rhe marker standards if high quality products'
can be supplied consistently. This session essentially combined rhe collective experience of the industry'to date and should
serve as valuable reference material For others.

The potential ol new species always interests the industry. This year, the focus was on scallops  pink and rock! and
sea urchin roe enhancement, From a culture standpoint, sea urchin roe enhancement seems very promising. However,

' longer-term pink scallop culture offers great potential because of the price scallop meat commands and the volume con-
sumed in world 'markets. In future conferences we will continue to address developments with new species or provide

. updated information whenever relevant.
This workshop record is a compilation of papers and summaries supplied by the speakers. For your convenience and

foi further infor'mation, a list of conference speakers and attendees, is provided in the appendix.' I hope that everyone who
attended the conference enjoyed it, and ths.t this publication will be useful.

Terry Nosho



. On behalf of Washington Sea Grant Program, I wish to express our profound gratitude to the many people who
, contributed to this"meeting. ! extend a special thank you to the conference speakers who took time from their normal
course oF activities to share their knowledge and experIences with us,'and for rhe extra effort they gave in helping to
produoe this publication.

Recognition goes to-the Conference Planning Committee'and the Washington Sea Grant staff. Planning members
from industry include Brady Engvall, Jim Donaldson, Dave Nisbct, Bill Taylor and Lee Wicgardt.. I greatly appreciate their
thoughts and ideas, but most importantly, they let me know if I have a suspect idea. Much time and effort was expended
by W'SGP stafF. Teri King and Steve HarbeU not only helped at the meeting, but also provided valuable inpur cluring the .
programming phase, and Susan Hester efficiently handled the registration' pr'ocess. A special note of gratitude is. extended
to Nancy' Blanton, Kris Freeman and Vicki Loe, WSGP Comrtiunications, for developing and distributing'news releases,
designing and producing conference materials, editing work, and producing this conference record. Also, I wish to ac-
knowledge WSGP mariagement For sponsoring speakers from-around the country and thc world. These speakers have
conrributed greatly.to success of the coriferences.

' I would like to thank Little Skookum Shellfish Growers and Taylor Shellfish Farms for rheir genero'us donations of
oysters, clams and mussels. Those who attended the conference were treated to these delectable shellfish at the reception.
Special gr'atirude goes to Ralph Schley, NORPLEX, who provided a wonderful hospitality gathering. '

In addition, I 'am indebted to the shellfish industry for supporting these conFerences, and to individual growers too
numerous to men.tion here who have provided insights on matters important to them and to the industry. These confer-
ences arc-a rc;flection of their input and cooperation,

FinaHy, the conferences could not have been developed and carried out-without the advice a.'nd support of Di.
Kenneth K Chew.

Terry Nosho
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Manila clam farining is important not only in the Pacific Northwest, but also in many parts of the world, In the past
. 20 years, this ubiquitous clam has been introduced and cultured in temperate and even sub-tropical areas. In Italy, France,
- Great Britain and other countries, Manila clam stocks are growing from hatchery production or natural spawning. Some
of the new techniques in lvIanila clam culture were developed in our area through early research by students ar the Univer-
sity of Washington. Subsequenrly, these techniques have been' refined by the shellfish growers to suit their own needs.
Today, we will be hearing from several. people who are involved with Manila clam cukure, and about the techniques they
have implemented to maximize the harvest of this important commercial clam under their owrs beach conditions. This
clam is 'the inost irnpor'tant in terms of total value for the stare of Washingtori, with a harvest close to 1'0 miJlion pounds ''
in 1995 alone, is recorded by the Washington State Department of Fish and Wildlife.

Most of you who know Arnold Waring will feel as 1 do, that a little something is missing in this particular Shellfish
'Growers Workshop today, As a matter of fact, we will miss Arnold at any of our shellfish meetings for quite some time in
the future. Arnold died on Monday, January 13th of dus year at the age of 83. Out of those years, he spent 50 � morc than
half ofhis life � being involved with and suppoi tive of the shellfish industry. You might say he was truly the ".Oyster King."
I knewArnold in the late 1950s and, ofcoursc, many ofyou knew him even longer. In his earliet years, hewas active with '
the National Fisheries Instiiute. He founded Coast Oyster in the mid-1940s, and later became the manager of the Unired
Oy'ster Producers Cooperative. Throughout all these years, he served diligendy and helped during a time of di8iculty to
hold the Pacific Coast Oyster Growers Association  PCOGA! together as president for, I don't know how many years. He
was alw'ays sensitive to the young students who were coming up the ranks. When he was at the helm helping to organize
'the PCOGA-Pacific Coast Section at the National Shellfish Association meetings, he would say, "Let's work out something
. for rhe students who are presenting papers and give them a break with registration or whaler to bring them here." Some
ofyou in the audience'have been recipients of some of this help, although you may have forgotten. Thus, it wo'uld be very '
appropriate and fitting at this time to rake,a moment of silence to honor Arnold, who may have left us in the physical
sense, but is still with us in spirit.
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firn Donalibon. CoasrSeafoods Company, Qudcene, %@shingon

There are two basic. types of molluscan larval hatcheries. One is a seed production Facility that produces relatively
small numbers of larvae, usually'less than a billion total ofan species combined, and concentrates on production of single
seed of oysters, clams or scallops. The other is a larval production facility that produces large numbers of larvae and little
or no single seed, but sells larvae extensively to others who sct and grow seed to plan table size. All hatchery systems for algal
culture, broodstock conditioning, larval rearing and larval setting can easily be adapted to suit the culture of any molluscan
species and thc form or product desired. Thc following is a brief general description of the systeins currently employed in
.the industry for both Manila clams arid single Pacific oysters, the rwo most dominant species presently cultured in the
Pacific Northwest.

Atgaf Culture
Algae are generally cultured either by using the batch method in open-top culture vessels or by continuous-flow

- 'culture in enclosed plastic bags. 'Many hatcheries use a combination of the two methods, The bag culture method produces
dense, high-q'uality algal cultures, but does'not provide enough total algal cells to feed large volumes of larvae or seed.
Continuous-flew bag cultures work well in smail-scale hatcheries but are really an,iritermediare step roward open-top tank .
cultures in larger hatcheries. Most open-top algae culture systems use, metal halide lighting, although sorn'e rely solely on
natural light.

Algal di«ts are available for use as a supplement to cultured algae and can be fed to a variety of molluscan seed. Most
hatcheries'culture three or four species of algae and feed with different combinations of algal species, depending on the
form of animal cultured. The following is a list of the most popular species currently in use. They are useful for all species
in varying degrees.

7halassi osira pseNslonana.  Ciorre 3H!
Skeleronema sp.
lsochrysis gulbana
Chaeroceros calci trans

Chaesoceros fir acslr's
Pavlova liberi

Tessraselmis srsecica

Brio dsiock
Broodstock clams and oysters require a healthy environment to convert their stores of glycogen into gametes for

spawning. Many'papers document the importance of broodsrock nutrition-in producing high-quality eggs and,.subse-
. quenrly, quality larvae; It is important that'broodstock receive an adequate quanrity and quality of algae during the entire
broodsrock hold'ing process, Most hatcheries feed mixtures of the algal species they culture, rather thari a single algal

, species, to provide the best nutritional balance to broodstock.
Broodstock.can be held or conditioned to spawn in eirher a flow-through environment or a static environment,

There are advantages and disadvantages to both, A flow-through provides a healthy environment if flow rates, food levels
and temperatures are maintained at adequate Icv«Is, However, this system is «xpensive to operate unless the energy and
food in rhe effluent is redaimed, Adequate monitoring for flow, Eood and temperature can also be laborious.

Static tank broodstock conditioning is the most common method in use. It requires stock to be held at specific
densities or biom'ass per volume of medium, with water changes and sanitation every two or three days. It is generally

' much easier to control a static environment for temperature control and feeding than a flow-through environment. The
main disadvantage is the loss of the ennre stock if only one of the arumals releases spawn into the water. However, this
disadvantage can'be controlled with proper attention ro thc rptem.



Rearing Larvae
Larvae can also be reared in either a flow-through or static environment, The traditional method is static tank culture

where larvafare'stocked at prescribed densities at various stages of development. Tanks are drained and cleaned and larvae
are graded at regular intervals'. The advantage is a relatively stable environment with a continuous production of compe-
tent, 'ready-to-set larvae.

The flow-through larvae culture method retiuires a continuous flow. of sea water into and out of the culture vessel.
This method originated in Europe and is really a tnodiflication of the upwell system of culturing single oyster seed in high
densities. The advantage over static tank culture is. that much higher densities can be achieved. This enables hatcheries to
culture large numbers of larvae in large facilities or save considerable space by culturirtg smaller volumes in small hatcher-
ies. The disadvantages oF flow-through systems include the continuous tnonitoring that is retluired to maintain food,

' temperatures ahd flow rates at the proper levels and the problems that am occur when la'rval densities are high during the
most sensitive stages of an animal's life. cycle, Clam and oyster larvae are physically tough but chemically sensitive and their
reaction to stress while being reared can often be catasrrophic. In a. flow-through-system where densities are higher, losses
can be more catastrophic than in Iower density static tank systems.

Setting Clams and Single Oysters
.A'traditional upwell/downwell system can be used to set both clams and single oysters. They are generaIIy set with

the water flowing down onto the screen. The flow is then changed to move up through the screen once the larvae have'-
settled and new shell growth has begun, which usually takes about a week. Both clams and oysters are washed daily and
graded every week to two weeks. Clams will grow to the I 410 screen size  or 2 to '3 rnm! in six to nine weeks after setting,
while Pacific oysters wilI reach the saine size in three to flive'weeks,

Both cbms and oysters can be grown to any size in an upweH system but it is most eIFicient to move them out of a
land-based upwell at 2 to 3 mrn and inro a FLUPSY  Floating Upwell System! or a tray-based floating raft system 'where
they can rely on the algae present in natural waters. Clatns generally reach the plantable 3600 screen size � to 9 mm! two
months after being put into a se'condary nursery system, but the growth rate will vary considerably depending on the area
and season. Single oysters are initiaIly put into I/4-in mesh grow-out bags or trays at the 5000 screen size or 9 rom+.

The following taIIts in this session will'elaborate on some of the aforementioned systems arid will allow us all to reach
zn understanding o' f, the state of the art in Manila clam'cult'ure.



Sp,y~~Ale54d ~A'I el' et'
Brian M//iarnson, Tap/or S/se///Uh Farnss. Qui/cene. Washinposs

To produce good v4ible eggs, broodstock are conditioned from four to six weeks at 21 C in trays placed in tanks. The
process involves filling the tanks with ambient sea water, placing the broodstock into the tanks, and elevating the tempera-
ture one degree.per day until 21'C is reached. The broodstock are then 'taken out of th» conditioning trays and put into
separate bags containing about 40 clams each, Rinse off the bagged clams with fresh water and leave to dry for 1 to 1 1/
2'hours. Then suspend the clams in 1501 drums filled with ambient sea water for ano'ther 1 to. 1 1/2 hours. Make sure the
animals are pumping well. Then move the clams and suspend them in another set of 1501 drums filled with 28'C water for
45 minutes to an hour. It is possible they may begin spawning before inducement with sperm; however, sperm does work
best and should be added if necessary. Be parient, talk dirty, and play good soft music.

When you starr seeing spawn, be sure several clams are spawning. Viable eggs will be round, have an intact outer
inembrane and plenty of yolk. After spawning, the larvae are put into tanks with '25'C water for overnight holding, then-
I have a smoke. The larvae will advance to the straight hinge or D-stage within 16 to 20 hours after fertilization. There is
no feeding during this period.

The steps involved in getting the larvae ihrough to set are as follows: '
a 1 aft ' 'n esta e.

I feed the larvae TX, a flagellate, at 20,000 cells/ml. Cell densiries are kepr at these levels by monitoring tjtree times a day
with a coulter counter,

Dav 2

Monitor and adjust feed.

Use split screerrs of 100, 80, 70 and 45 min mesh to change larvae. The 100 mm mesh screen is used as a cleaner, Place
sorted larvae into tanks filled with 19'C water by mesh size. Bring food cell count up to 30,000 per mL
~v
Add diatoms to diet   food mixture is 80'yo TX, and 20'yo 3H, CC or'CHGRA}. Good healthy clams should hold on a 70
to 80 inm mesh screen.

~a
Adjust feed mixtuie' to 40,000 cells/ml with a 50-50 flagellate to cliatom xnix.
~Da
Size-out larvae at 125 to 130 rnm length using a microscope. Screen with 100 mm mesh. Larvae axe reared at a density of
75 million per tank or 2.5 to 3 larva/ml. Change warer every three days.
D d

Maintain feed and watch larvae.

Change water with a 130 to 140 mm screen and put larvae back into 19'C water.

@maintain feed arid watch larvae,
12'

Screen with 160 mm mesh. Screened larvae are near set size. Put them into downwellers, Return the smaller larvae to the

rank.

~14
All larvae should now be setters. We have seen that when larvae of rhis age are still small, about 150 mm, they will swim for
days attd eventually drop out and die. I have seen best results using TX and CHGRA throughout the larvae cycle.



Setting and JVunseeyQppticattsno
Don Dahnian, Dahnian's Shellfis Ca., She/ran, Washington

' Our company has been setting. Maniia dam larvae and planting seed for seven years.' In that rime, we have lcarncd
just about every way there is to kill clams. I believe we have learned from our inistakes, but even so, there is no guarantee
of setting larvae on a consistent basis.

During our first two years of operation, we bought all of our. larvae at a cost of $100 per million. For the next three
years, we began spawning clams and-raising halF the' larvae we needed and buying the other half, In the past two years, wc
hav'e been producing all oF our larvae in our hatchery. We used to spend $30,000 to $40,000 per year, purchasin'g larvae;
now. we buy none,

The hatchery/nursery is a closed system in which we spawn, set and rear. juvenile clams and oysters until they are
ready for the outdoor FLUPSY. The system consists of spawning tanks, iarvae 'rearing tanks, setting tanks, and downwelling/
upwelling units. The water-is recirculated and uses a bio-pane1 to maintain water qualiiy. Algae are grown in a separate

- system char uses filtered ambient sea water. We feed a mixed diet of fiagellates and diatoms, The FL'UPSY consists of a set
oFsix containers..Each conramer measures 3 Ft, x 3 Ft. x 4 ft. deep. This "six-pack" requires 400 gpm flow per container for
optimal use. Clams are sorted once per week. Keep in mind that a bed of cIams Z f't.-deep' in the coritainers.becomes 3 Ft.
deep when fluidized.

After spawning,,larvae are put into high-density rearing tanks.'The average density in most hatcheries is L5 to 2.0
larvae/ml.. We hold 35 larvae/ml .in our high density larvae tanks. The basic design oF the tanks was developed in the
United Kingdom by John Bayes, Seasalter Shellfish, Ltd. We are starting the fourth modification of this larvae tank design.

'%%en ready, larvae are taken to thc setting nays. Setting usually takes three to five days. The set clams then go to the
upwe'Hers where rhey are fed until they reach 1. 5 to'2.0 mm. At that size the clams are taken outside to the FLUPSY: There,,
it takes about six weeks For the clams to reach an av'erage plantable size of 8'min. Recovery from larvae through the
FLUPSY ranges from 1009o to nothing, Bur, on average, we get about 309'0 of ea'ch lot to plantable size.

We plant the ground at a density of 50 t'o 200 clams per square Foot, depending on the seed size and what is in the
ground. The planted ground is protected by covering it with 1/4-in. mesh netting. The netting. is left on ail thc time at
some locations, At orher areas ~c net For only nine to ten months.

In the beginning, our goal was to get a yield of 2 lb./foot/year from the plantings. However,' we have realized an
average yield of 5 lb./foot/year For the whole far'm if everything is done right. I have seen a sustained yield oF 9 lb./foot/year
from some grounds.



J 6sefiny, Qeauiay,.and 9t'sosrmNng.Ahuul~ Chum
By Bsesr W. Bishop. Li erie Skookrss'ss 5hellfish Grosoers
She/son, Washivposr

Preparing a Planting Bed
Substrate for planting a bed of clams should be clean and gritty, A mixture of sand, gravel and shell fragments

dominated by sand is besc. Mud and silt are acceptable in varying amounts during the difFerent stages of a clam's life cycle.
When planting seed of 10 mm or less, the water-.co-substrate interface should be free of mud or fouling organisms

that could Form a cap on' top of che beach.
In areas that don't receive a wave battering, clams do'well in pure sand. Clams can also grow well in pure gravel

ranging in size from pea gravel up to rocks 3/4 in. or larger.'
I have noticed that che voids between the rocks in pure gravel tend to fill up with very L'ine sediments. These

sediments come from the ground below working up, or from silt settling oui of the water column. It is better to add your
own washed sand mixture to the gravel at the beginning. That way, chere are no voids for silt to fill.

Seed. Size
In my experience,' the larger the planted seed, the better the survival, The other obvious benefit of u.sing large seed is.

chat it is closer to harvest size, Howe'ver, seed should spend enough cirnc in che ground co take on the characteriscics of a
beach-grown clam.' The cime, labor and costs of growing larger seed are substantial, but worth it. Planting Larger seed
 between 8 to 15 rrim! incrcascs' survival more than enough to compensate for the labor and costs involved.

There are different methods of growing seed to fit different scales 'of operation, Floating Mexican'trays and small-
mesh seed bags on racks are relatively,inexpensive and work well. FLUPSIES and nursery buildings are practical For larger
volume operat'ions.

Another method of growing seed is co build a sink float holding a submerged sand bcd, which protects the bed from
the sun and predatory fish.

Planting Methods
Begin with a clean beach with a gritcy surface. Figure out the limits oFthe area to be planted. Deterxnine upper and

lower ride zones suitable For clams. To grow clams and oysters on the same beach, it is generally better to use the high
ground for clams and the lower grou.nd. for oysters;

Add a skin oF gravel or sand, if riccded, to achieve a clem surface for clatns to dig into. Seed with w'arer over the beach
when practical to do so, preferably on an'incoming tide. The water cushions che impact of the Falling clams, provides

. insulation from terr1perature extremes, and lets clams dig in and disappear immediacely.
Early spring seeding has the-advantage of fewer predators;.inany predators multiply in the summer and fall, Fore-

inost among them are crabs and perch..
The ideal method is co use an on-site seed nursery system of some sort, and then plant straight onto a freshly dug

patch oF beach. Seed that is held in thc same water it will be planted in is already acclimatized to the local conditions. In
addition, the seed spend only a few hours out of che'water before planting. This eliminates stress on the animals.

Webbing, if maintained, will increase the survival of seed darns, sometimes dramaticaLLy. The finer the mesh, the
4

better the protection provided, but che more quickly. fouling occurs. Ideally, first use a fine mesh at planting time. Then
switch to a larger mesh, like 3/8 in., when fouling starts co occur. Growers rarely take che cime and trouble to do this.'

Webs can be held down with lead line and stakes, by stakes alone, or by digging a trench and bu'ryicig che outside
edges oFa web. Sew. interior seams tightly enough to keep crabs from squeezing in.

When a grower seeds a recently dug bed using seed from an on-site nursery system, then covers it with net, th' e
grower jncrcascs the chances of reaching as thick a clam density as human endeavor will allow.

Fouling and Remedies
Lots of thihgs can-go wrong after planting. Low salinity events kill clams. Freezes below 25 F kill clams. Tempera-

cures rising into the 90'F range kill clams, The grower has to accept this as a part of the b'urden of cultivating Manila clams.
I have made a list of some problems that the grower can remedy. The same clean be'ach chat is so at tractive to the seed clams







Zntentidi~d J3ay Cullu'na ag About'a Gi~v
jarh Davis, I'h.D, Baywattr, Inc, Bar'nbridgsIdana', Shhington

I

In the Pacific Northwest, culture of the Manila clam  Tapes philippe norw m! has historically relied on rhe harvest of
clams chat occur naturally, wich natural'replenishment occurring as larvae setde ouc onto suitable substrates. In"recens
years, hatchery p'roduction ot seed clams has'all'owed artificial,reple'nishment ofbeaches. Repleni~hinenc and enhancement
efforts have icicluded seeding over sections' of beach covered with netting to exclude predators, adding seed clams to wild.
populations co enhance overall productiviry on naiural clam beds, and gravelling of bea'ches to encourage natural dam
set dement.

In addition, che use of Vexar plastic shellFish bags  ADPI Enterprises, Philadelphia, PA! to enclose seed of suitable '
si'ze uiitil they have grown out and can be harvested has been successful under some culture conditions. This method has .
been used exclusively ro grow out Ma'nila.clam seed on intertidal beaches at Thorndyke Bay in nort}i Hood Canal. This
method works in this location because of the suitability of rhe'sand substrate and the'relarively protected nature of the '
intertidal beach. A stainless steel frame slightly larger that rhe outer dimensions of the clam'bag �0 in. x 18 in.! is laid onto
the beach and- the lower lip pressed inro che sand ro provide a teinplace For subsrtate removal. Sand is removed fi'om within
the frame by shovel and the material added to an empry clam bag. Sand is removed within the frame to a depth of
approximately 4 inches. Four. hundred seed clams having a. shell heighc of 3/8 in. or greater are added to che bag, and the
bag is clipped. shut using stainless steel hitch pins. The bag is chen rolled into the reccangular depression and the frame
removed. The entire upper side of the bag is thus exposed and protrudes above the level of the beach by about one inch.

. Approximately 12 to 15 bags an hour can be comfortably deployed in this manner by one worker.
In this location rwo years are required to raise 3/8 in. seed to harvesrable size �.5 in.!, Harvest consists of'lifting the

bags free of the subscrate and washing out the sand, leaving washed clams in che bag ready to purge and bring to market
Costs associated with this type of clam culcure are described below, based on 20% coverage of the available ar'ea, In this
system, small seed are first deployed in small mesh Vexar bags on intertidal shellfish racks and grown to the appropriate size
prior 'to seeding, ouc into bags for beach culture'.

Producxstin Costs on a per Acre Basis
'Vexar Bags �000! $7,000
Bag Preparation $1,000
Bag D'evelopment .$2,000
Seed Costs  800,000! . $3,600
Nursery Costs {100 bags! ' $1,000
Har'vest Costs $2,000
Total Costs of Deploymen~ $16,600 '

Production capabilities usi'ng bag culture are based on the size of the clam harvested. At a rate of 15 lbs. per bag,
approximately 30,'OQO lbs. may be harvested per acre, and at a rate of 20 lbs. per bag, approximately 40,000 lbs. per acre

- may be harvested.

A critical component in the husbandry phase of'-culture includes preventing sand from covering over the upper mesh
surface of the bags. If sand is allowed'to overcover t' he bags, high clam mortalities will result, In addition, red rock  Cancer
proi/'actus! anti Du'ngeness  Caricor majirrer! crabs may settle out of the water column as late instar larvae and grow up'
inside individual bags to predate upon yourig clams. In the absence of predators, an initial stocking of 400 seed clams per
bag will result. in unifoimly high returns of adult Manila clams.

In additiori to Manila clams, other clams recruit into the-bags durin'g the'growout period. Butter clams  Saxickmrrs
jzganterts!, eastern soft-shelled clams  hfya arenaria!, horse clams   Torus rapux! and native Iittl<necks  Prorothura ss<rei nei!
.are commonly encountered. In addition,' heart cocldes  Clinorarui 'am nattallir! ofcen recruit into dam bags as well.

If juveniles of these species of clams and cockles can be produced in rhe hatchery to provide a reliable supply of seed, '
chen the aquaculture potential for' these'species.may beenhanced using Vexargrowout bags on suitable substraces.
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Dave/Vfirch<Jl, /V/ar/rona Shallprh /rd, harrington, B.C., Canoe/a

Increasing production and labor costs For current manual harvesting practices has renewed interest in British Co-
.. lumbia in the development of. mechanical bar resting methods For Manila dam Farms. Two designs for mechanical darn

harvesters were developed in B.C. in 1996: a-Fully operational harvester built by Mid-Isle Marine Ltd., and a smaller
working prototype built by Madrona Shellfish 'Ltd.

These prototypes are the first applications ofmcchanical clam harvester tcchriology in B.C. that do not use pressur-
ized water to separate clams from beach substrates. Earlier so-called "hydraulic harvesting methods,'-' developed for the '
wild clam fishery, were found to be environmentally destructive. Adkins ~e Q 1983! and are prohibited. Both the Mid-Isle
Marine arid Madrona shellfish mechanical harvesters use a sifting inethod that more closely mimics the current manual
harvesting practice.'

The criteria for the.Madro'na. Shellfish harvester 'pr'ojcct was to.develop a small, maneuverable clam harvester that
could easily be o'perated by one 'or two persons. A track drive was considered important for weight distribution and
traction. For the'sake of economy, the harvester was built using the chassis and motor from an 8 hp track-driven snow-
blower. A set of rotating tines was designed to separate the clams from beach substtates and deposit them on the beach
surface. Hydraulic motor drives controlled, both the propulsion and digging syste'ins, This harvester was fiekl. tested in
August 1996 and successfully separated-clams from the'beach subst rates with very little clam breakage  estimated at 1% to
2%!. However, the propuls'ion system did not prove to be adequate, primarily because of insufficient clearances under the
chassis and between the track-drive and the digging mechanism. It is believed tbat this problem can be overcome in the
Future with the use of a somewhat larger track-drive system.

The Mid-Isle Marine Ltd. clam harvester prototype consists of a series of chain-rnountecl buckets that remove the
top 15 cin ofbeach substrate and deposit it on a screen that sifts the clams by size, The clams roll off'a screen into a rote arid
gravel falls back onto the beach in the harvested track, The harvesting tnechanism is mounted on a trailer that is cowed
behind a tractor. Preliminary testing in the spring of 1996 showed that the diggirig mechanism efficiehtly sorted clams
from beach substrates. Unfortunat'cly, the configuration of the trailer-mounted harvester proved too hcavy for the soft-
gravel/mud on which it was rested, and required thai sheets of plywood be placed under the wheels of the tractor' and
trailer to prevent it from becoming stuck in the beach. In spite of this, the success of the digging mechanism warranted
further evaluation. As a result, more extensive resting was undertaken in the summer of 1996, sponsored by the B:C. '
Ministry of Agriculture, Fisherics and Food. This testing was considered essential to determine whether the mechanical
,harvester harvested clams with a minimum of breakage, left beach substra'tes in an acceptable. condition, and caused

. miiumal.dam seed damage and other environmental irnpacts.-
To meet these objectives a study was designed to compare mechanical clam harvesti'ng with-traditional manual

harvesting by conducting quanritative clam population density surveys before and after harvesting. The surveys would
enable corn'parisons on relative harvest efficiencies and on the survival of seed clams that pass through the harvest process.

' Iri addi~ion, evaluation of beach substrates before and after harvesting was'undertaken to determine environmental im-
pacts  substrate eveiiness and appearance, macrofauna, interstitial pH!. Results from the mechanical and' inanual harvest-
ing treatments were compared with reference to unharvested  control! areas. Each of the three treatmenrs consisted of
three replicate plots  nirie plots total!, each 17 Ft. v. 100 ft. in size and assigned using a randomized'block design. The plots
had previously been seeded with clams and wire covered with protective netting.

Results of the study  Mitchell, 1996! showed that the meehan'ical harvester removed market size clams from the
beach with an efficiency similar to manual harvesting  81% vs. 88% respectively!. Clam breakage as a result of mechanicai
harve'sting was measured at 1.5'Yo versus an estimated 1}ro to 2% for manual harvesting. The number of small clams  length
c 32 mm! remaining on tire beach after harvesting was not significantly different  P > 0.05! between the three treatments
 mechanical vs. manual vs. control!, ranging. from 494 to 608 small clams per rn'  most iri the 15 to 28 mm size range!.
Both mechanical and manual harvesting left rhe beaQ in a level condition without large furrows, mounds or other adverse
environmental-impacts  e.g. mud shriinp Uprrgabia present; no change in beach interstitial water pH}. The additional labor
associated with'maintaining traction in the mechanical harvester  i.e. placing plywood under the wheels}.did not result in
an overall savings i'n labor in this study in comparison with manual harvesting..However, in spite of the tractiori pr'oblerns,
the machine har'vested a 17 ft. x 100 ft. plot in an average of 0,5 to 1.0 hours, compared with 6 person-hours for manual
digging.
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Taylor Shellfish Farms' processing faciliry receives hIanila clams from Taylor operations and outside sources. The
product is brought to the plant where it is unloaded, weighed, tags checked  certified dealer, approved waters and date!,
and the general quality assessed  o6'species, deanliness!. If the product has been purged it is delivered to the processing
hne. If it hasn't been purged, it is sent to the sink floats. We require that clams be washed oR'and be reasonably 'clean when
they are received. At delivery, clams will be processed for shipping or refrigerated at 45' F and processed later, according to
the time.-temperature matrix outli'ned in the N'SSP Manual, Part II, Appendix F.

Clams are washed by placing. them on a brush roller, which performs several functions � scrubbing, high pressure
washing, and spreading the clams for, grading, From the brush roller, the clams drop onto a three-deck roll grader that sorts
them into large, medium  regular! and small sizes. The grader has size. adjustment and counter rotation features.

The clams are then accumulated For intertnediate storage. This step gives the processor the ability to run one size or
mix clam sizes when packaging. Storage containers have a 400 lb. capaciry. They are placed on a sloped and padded Hoor.
Interior netting-softens the clams' fall. Clams must be processed within two hours during this phase.

Next, rhe clams are rolled onto a conveyor for inspection and packaging. During inspection we check for cleanliness
and look for broken, weak or dead clams; rocks; and off-species such as littlenecks, butter clams and cockles. The conveyor
spills te the packaging chute where the clams a' re weighed in 5-, 10- and 25-lb. containers. A tag providing harvest, shipper,
and destination information is strapped to the outside of each box. Gel ice is placed into each package at 1.5 lb. per 25 lb.
of clams. T' he cbms are stored in a cooler �5 F! unti] shipping. An important point here is that they cannot be out of-
refrigeration for more than rwo hours

Our quality control program includes post-packaging inspection where we check weights', product temperature,
quality, tags; size and consistency, and refrigeration temperature. We also do.fecal count testing by sending daily samples to
a private lab and weekly samples to the state lab.

' We use several sources to ship clams. Taylor refrigerated trucks are used for local deliveries and deliveries to Sea-Tac
Airport. Outside refrigerated truck lines  coast to coast LTL! are used to deliver less than truckloads anywhere in the
United States. Also, orders are sent by UPS> Federal Express or are picked up at the plant. Trucks are checked for tempera-
ture �5' F or less!.
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Overview
Baclcground

Oyster farming has been an important Connecticut industry for more than a century. Peak industry harvest occurred
during the 1890s. During' that time, more than 2,000 Connecticut' citizens were employed by 600 firms and annual-
harvests approached 2 tnillion bushels. Connecticut could boast of having the largest Hect of steam-powered oyster vessels
,in the world. Connecticut was also the leading producer of seed oysteis in the Northeast, supplying the New York, Rhode
Island and Massachusetts-industry with oyster seedlings.

After %'orld%'ar I, the industry went into steady decline and by the early 1970s had nearly died out. The primary.
cause of the decline was pollution resulting in oyster harvest prohibitions, loss of inarket, reduced production and lack of
seedlings. By 1972 Connecticut harvest levels weie lesy than 39,000 bushels:

As water quality began to improve, so did'the oyster industry. %ith a few Farming operations still in place, the
industry. began rebuilding itselF,

Current Status

Connecticut oyster farmers now produce the highest-value oyster in the country and are second only to. Louisiana in
quanti ty produced.

Through sound Farming techniques such as the removal 'of silt, cultivation, planting of shell  cuhch!, rransplanting
ofseed and predator control, Connecticut shellfish farmers have significantly increased their yields per acre and produce an
oyster famous nationally for its consisten't size, shape, Ravor, hardiness and quality. Annual harvests now exceed 700,000
bushels valued at more-than $40 million wholesale,

Oysters are farmed by 32 firms on leases and grants off the Connecticut coastline of Long bland Sound using
extensive bottom-culture methods. These Firms employ approximately 320 people- and operate 71 vessels,'Oyster seed is'
obtained by the Firms through plantin'g cultch  shell! on their leases and grants oi by purchasing seedlings harvested by
seed oystermen licensed to work the public grounds. There are ap'proximately 125'seed oystermen operating 77 boats, Seed
sales alone generate $300,000 to $700,000 annually. Addirionally, in Connecticut there are 45 Firms engaged in wholesale
oyster sales and distribution; they employ approximarely 270 persons.

COKNKCI1CUT SHKLLFISH INDUSTRY PROHLE

3'2

71

320

Number of firms engaged in shellfish cultivation
Approximat~' number of' boats
Approximate number of employees

Number of seed oystermen
Number of seed boats

125

Number of additional firms engaged in wholesale .
. shellfish-sales and distribution
Approximate number of employees

45

270

Connecticut's oyster farming indusrry is the nation's leader in terms of the value of oysters produced and ranks
among the'top three states in production volume. The economic impact of oyster culture to Connecticut's economy is

. signiFicant, lVlore than $40 million in annual farmgate sales is generated, creating more than 400' industry jobs. Annual
harvests exceed 700,000 bushels  over 175 million oysters!. More than 40,000 acres of oyster farms are under cultivation'
and more than $200 million is contributed annually to the stat» economy  estimate uses standard economic multipliers!.
The oudook is promising for continued industry growth and export opportunities.



State And Industry Partnership

The recent explosivegrowth and success of Connecticu't> oyster farming business are primarily due to cooperative
efforts betwee'n state go'vernment and the oyster industry.

Cnltcb Program
The continual availability of seed is critical to the stability and future of the'iridustry. Therefore, to foster industry

growrh,. in 1987 the state Iegislaiure est'ablishcd a program wirh thc Connecticut Department of Agriculture  CDA! to
purch'ase cultch  shells! For planring on the state's public seed. oyster beds  Gen, Stature 26-237a!. The planting of cultch

' iinproves th'e''overall condition of the'.oyster beds and provides a surface for the oyster. spawn to attach to and grow..The
cultch is distributed and planted by boats and volunteers From the oyster industry. The oyster larvae settle on the cultch in
late summer and the thumbnail-sized- oysters are harvested by licensed seed oystermen in the Fall and spring. Oystermen
sell the. seed to the aquaculture industry leaseholders For growth in. deeper, clean water where the shellfish will be harvested
for market three to four years later.

The cultch program was established with an initial bond authorizatioii of $1.3 million in 1987. Subsequently, an
additional $4 million was bonded over the past Few years. In addition to the bond authorizations, rhe oysrermen harvesting
seed Frorl the restoration areas pay a 10.'Yo assessmenr on the sale value of their' harvest. The money is collected by the
Department of Revenue Services and deposited in the cultch program fund. to help sustain the prog'ram. To date, more
than 3,000 acres of state beds have been restored with approximately 5,250,000 bushels of shells.

The success of the CDA's cultch program in restoring public oyster beds has received national acclaim as a triumph/
of state government atid industry working together For economic development and job creation,-To quote a. recent aquac-
ulture irrdustry publication, "Connecticut is a prime example of a state that has invested a modest amount of funds
towards managing and improving its natural resources and'reaped huge rewards in terms of jobs and-re'venues that exceed
their investment many times oven"

Leasing of Shellfish Grounds
The.CDA leases shellfish grounds through-competitive bids, This pro@am perinits oyster farmers to obtain under-

water lands in Long Island Sound For planting, cuhivating and harvesting their crops. Through proper care and investment
in th'eir leases, the ind'ustry has perpetuated and greatly enhanced. rhe oyster resources in the sound. Presently, more than
46,000 acres are farmed by the industry..

Licensin'g, Monitoring, Inspections
The nation's shellfish industry has faced a dificult marketing challenge in recent years because of negative publicity

about water quality and the safety of oysters. Health problems associated with oysters produced in other states, particularly
along the Gulf oF Mexico,' have caused market price decline and reduced consumption. However, Connecticut oysters
continue to be in high demand and sell for twice the price of iny other oyster in the marketplace. The reason for this lies
in the reputation for quality and the outstanding safety record that has been established by the Connecticut ihdustry and
the CDA's sheilfish sanitation program.

To assure safe shelHishing areas for cominercial and recreational harvesters and to maintain certification with rhe
. U.S. Food and Diug Administration, the CDA licenses and i'nspects all commercial shellfishing operations. The agency

carries out detailed shoreline surveys and fastidious water quality monitoring to protect public health and the credibility of
Connecticut-grown. shellfish in the interstate and international markerplace.

Recently, Tallmadge Brothers, Inc., Connecticut's largest oyster company, contributed more than a half million
dollars toward rhe construction of the CDA's aquaculrure testing laboratory on' the shor'eline.

Marketing and Export
The CDA' works closely with.Connecticut's oyster Farming industry in the competitive arena of marketing> promo-

tion and'export � equally important to prod'uction and quality~urance.
Recenr eFForts by the CDA have successfully linked Connecticut oyster producers to several major regional and

' national supermarket companies. The department's linkages with federal programs have resultcxl in grant funds to assist in.
developing 'export opportunities. Negotiations with Asian and European markets are underway. Connecticut oysters have
recently been enjoyed by, potential cIierits in japan, Malaysia and Chile.
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Added Economic Benefit
Using standard economic multipliers, it is conservatively cstiinated that Connecticut's oyster farming industry con-

tributes more than $200 million to the state's economy annually. Additional jobs and' revenue are generated by use of
support trades and services associated with the oyster farming industry. These include purchases of fuel, boats, trucks,
equipment and supplies, as well as maintenance-arid repair needs. '

The oyste'r industry has major capital investmcnt in thc ownership and operation of shoreside processing facilities.
Oysters, as they move through the wholesale and retail distribution chains, generate considerable revenue. Finer

restaurants routinely sell Connecticut oysters for more than one dollar apiece..
Recreation and tourism are mukimillion dollar industries in Connecticut, Both are positively impacted by the state' s

oyster industry. Virtually al! oF Connecticut's recreational shellfishing programs have been assisted by the industry in
restocking sheHfish populations and creating harvest opportunities.

Because of the strict federal standards that are reqtiired to market shellfis, the oyster in'dustry has diligently pursued
water quality improvements in Long Island Sound. '

These efforts ultimately contribute to the quality of the shoreline experience enjoyed by visitors and resideeits alike.

Sit~aaoon Outlook

During the next decade, aquaculture activities such as oyster farming are expected to be among the top 10'growth
industries in the United States. The CDA and the oyster industry presently have the necessary programs and infrastructure
in place to foster continued, growth in this environmentally soun'd business, Logistically, Connecticut is ideally located to

' respond to national and international markets. The potential for export opportunities o&er great possibilities.

M SILK/»S 9'~ ' SusuctuA
Bill Green, Guilfoei&girieering Beeparemene, Guilford, Ceririeeeieiee

Guilford, Connecticut, which was settled in 1639, was probably typical of most small New England coastal towns.
Local laws governing she1lfish resour'ces were adopted and repealed, it seems, on a monthly basis. 'Duting.town meetings,
debates over shellfish issues'often became heated. The importance of shellfish to public and private interest was recognized
early in GuiHord's history. Archival land records reveal a somewhat humorous but serious chronology of the townspeople's
concerns regarding shellfish. Excerpts froin town records are as Follows:

1648 - First reference to shellfish: local moHusk shells used in ntortar.

1753 - First legislation regarding oysters.

1766 - General assembly authorized towns to make laws regarding shellfish.

1775 � Fear of extermination; a law enacted forbidding the transport of oysters out of town.

December 15, 1775 - Law changed to allow one to carry out of town as many oysters as one horse could
conventionally bear.

1791 - Voted, that in case of sickness, one could take oysters &om closed g'rounds with a permit. '

1828 - Beginning of oyster culture; voted that anyone might lay down oysters and clams below the high
water mark and they become his property.

October 2! 1876 - Selectmen are authorized to lease town grounds for five years. Vote 802-39.

October 14, 1876 - Vote repealed. by vote 116-53.

Jinuary, 1877 - Law reinstated by vote 57-49.

February, 1877 - Law repealed vote 197-.28.





Recreational Shel%shing

Recreational grounds are opened and closed depending upon the availability of resources and iri strict accordance
with the protocol of the MOV, In the town of Guilford,, population 21,'000, more than 500 recreational perinits are sold
annually. Proceeds from permit sales go directly to the commission's account, which allows the commission to operate its
programs independently from the town budget. Revenues are used to purchase seed and mature shellstock, for transplant-
ing programs, internships, printing costs for signs, maps, brochures and permits, public educational forums and salaries
for waidens and clerks.

Recreational fisheries include oysters  Crussosrrra virgiriica!, steainers  hfya aremacr!, mussels  Poilus edalir!, hard
clams  hfercenariu m'errensria!, and in some eastern Connecticut areas, bay scallops  Argopertiriirradiaruirradians! Habi-
rat restoration and'enhancement projects continue 'to expand to meet the growing popularity of the recreational fishery.

Commercial Fisherie's

At regular, monthly tneetings, commissioners are faced with a-variety of tasks that affect commercial fisheries. They
might scview co-rnanagernent agreements, review leases and consider new applications presented by fishermen. Lease
applic'ations 'are advertised by legal notice in the local paper and acted upon in accordance with the management plan.
Sizes of leased grounds vary from 5 to 100 acres. Payment for leases is usually in the fo'rm of cash; however,.a "share" of the
shellfish harvested may be taken in lieu of cash. Transplant or "put and take" programs are ofte~ negotiated through a
bartering system. %hen available, shellfish resources are taken from restricted town waters for transplanting. Commercial
harvesters agree to help in the process in rerum for a share of the shellfish harvested and transplanted. Bids are usually 60/
40, with the harvester retaining the larger portion. In other cases, when town-owned resources are not available, the
commission contracts to buy the necessary' ainount of shellfish to meet the recreational demand.,

Competition for locally-controlled shellfish ground has grown due to improved water quality. The demand for
shellfish combined with rhe decline in rhe finfishery has caused a nuinber of fishermen to retool and convert to shellfishing,
As a consetltience, the increase in hirvesters has placed a greater demand on the local volunteer'commissions and the state' s
aquaculture bureau,

To inaintain local control of shellfish resources each town must be vigilant in its responsibilities or relinquish control
to the s~ate. A loss of ho'tne rule would likely close rhe fishery due to state budgetary constraints atid 'lack of staf to fulfill
.the laborious tasks that were performed by local volunteers, The present successes of local commissions is due also to the
dose working relationships and cooperation among state and local agencies, as well as recreational enthusiasts and coin-
mercial shellfish interests.
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Kirri Oystorr Limir~ Ludyimirh, B,C, Cueuda

The rain-down system for rearing newly-set single 'oysters was developed by Seasalter Sheflfish  Whitestable! Lim-
ited, Great Britain and was introduced to us by Dahman's.Shellfish Co., Shelton, Wash, The system cakes the unusual '
approach of keeping'juvenile seed oysters in suspension through an airlift in a plastic cylinder. The benefits compared io an
upwelling system include: �! algal Food is more efficiently used; �! water flow requirements ace lower; �! less mainte-

- nance is required; and �! survival arid gro'vrth rates are higher..
We conducted an applied research project co ascertain that the rain-down system does improve the survival rate . "

compared to traditional upwelling systems, SpecificaHy,'our objective was to undertake a' comparative statistical assessment
of survival rates among three densities of stocking in the rain-down system  Treatment 1 = 0.5 million larvae set, Treat-
ment 2 = 1 million larvae, and Treatment 3 = 1.5 million larvae! of the rain-down system and one density in our current
commercial upwelling system  Treatment 4 = 1 million larvae ser!'.

An analysis of variance performed on the data of four replications  four different sets! of the above four treatments
showed chat differences in mean results among the creatinents means are statisiically significantly  P << 0.01!.' Tukey's
multiple comparison test'at the one percent level oF significance shows a difference between means from each pair of
treatments except. for Treatmem 3 and Treatment 4.

The results indicate that the rain-down system does iinprove survival rates. compared to traditional upwelling rateR
and chat stocking densities affect survival races in the rain down system.

The Science Council of British Columbia provided financial assis'rance and students at Malaspina University Col-
lege assisted with sampling and collecting of data for the experimenc.

The following tables summarize study survival data  incan percent! and an analysis of data variance.
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Skip.rcomp, .Vorth Carolina Sou Grunt Progratn
Atlantit Broth, IVorth Carolina

I'rocedtIres
Participants

Industry partnefs paid a registration fee of $200 to participate in the'project. A memorandum of agreement was
signed'by the partners and Sea Grant detailing the responsibilities of both parties in the projecr. Sea Grant was responsible
For providing oyster seed in chubs and technical advisory assistance; partners were responsible for providing labor and
reporting results. The project manager helped all parcners wirh applications to the N.C. Division of Marine Fisheries
 DMF! for the required water cot'umn research and dcrnonstration amendments to che leases and endorsed the projects as
an educational sponsor. Each proposal described work to be attempted and included drawings of the site. Applications
went through the public hearing process and all weic approved by DMF, Renewals were applied for separately after cwo
years From date of first issuance by individuals who chose to continue their research with oyster culture;

Kev'in Wissel, a graduate student at Duke University Marine Laboratory's new Coasral' Environmental Managemen c
curriculum, used oyster chub grow-out research as the basis for a masrer's project. He designed several experiments' to be
conducctxi'sirnukaneously with the project and conrributed labor. All data collections and analyses during thc first year
and one-half of the project. were conducted by Mr. %'isseJ. Afcer his departure from the project, the partners continued to
provide information on che system's commercial feasibility.

- Student volunteers also participated in the assembly of chub links, Students in the Knvironrriental Biology class of
Carterec Community College  Morehead City! received tab credit for time spent working on the project. Students in the
new Oysrer Mariculture curriculum of Dixon High School  Sneads Ferry!, a'collaborative program with Coastal Carolina
Community College  jacksonville!, woi kcd on rhe project as a class activicy. Also, oysters and chubs were donaced from
the project to boch institutions for their continued studies.

One'partner, jim Swartzenberg, used preliminary results of this projecc as the foundation for a Marine Fishery
Resources grant proposaI co continue developing the chub system as a ccimmercial oyster culture method. That scudy is on-
going; however, preliminary results are promising. The 1996 hurricanes delayed the project's examination of' the commer-
cial econorriic feasibility of rhe chub system. Results will be reported separately-by Mr. Swartzenberg. Those results will
more accurately reflect the true economic feasibility of the chub method because of the larger scale of operation.

Seed

Oyster seeds were purchased in lace February and early March 1994 from Harbor Branch Oceanographic Institu-
tion, F t..pierce, Fla. Two shipments'of 2 to 4 mm oyster seed  total 400 000 s'eed! were received. The seed was put'into on-
shore raceway nurseries at the Sea Grant mariculturc demonstration facility for growing to a larger planting size.-

High mortality and slow gro'wth of oyster seed occurred in che raceway nurseries. An upweller nursery was subse-
quently built and used for the remainder o'f thc project. Subsequent cclephone conversations with persons'associated with
H'arbor Branch indicated tha'r the seed may have been che slower growers of a group.

The aim of this project was to scale-up research and development of the chub oyscer grow-ouc system and to deter-
mine its economic feasibility. The project was a partnership between the Sea Grant program and industry oyster growers.

The chub syscem i's probably more appropriate f' or large scale operations chan For growers producing small quanti-
ties, Slow oyster growth and high mortalities encountered during che course of che project were unexpected based on
resulrs froin previous cescing a'nd contributed to poor harvest results. OF the 200,000 oyster seed distr ibuced co partners, 50
bushels were reported harvested. Reported selling prices ranged from $26 to $45 per-bushel. A significant development
from-rhe projecr was the observed superior performance of triploid versus diploid oysters. Thc chub system will undoubt-,
edly continue to be refined and alrered in the search for appropriate N.C. oyster culture methods.

Other accomplishments are as follows;
1. Funding of several North Carolina Fishery Resource granc proposals to develop oB-bottom oyster growing

systems were based on this work.
2. The Blue Ribbon Advisory Council on Oysters developed recommendations using the results of this project.
3. Several community coflege and high school educational programs in North Carolina have incorporated into

the curriculum chub technology as an oyster-growing method,



One hundred thousand 3 to 4 mm triploid oyster seed' were purchased from Harbor Branch in August 1994.
Because of the diploid inortality experienced in the nursery, and the expectation of running short of seed to supply projecr
partners, additional oyster seed were purchased to mak'e up for the expected shorcfalk Seventy-two thousand 7 to 15'mm
oyster seed were purchased from Carolina Cultured Shellfish, Harkers IsLand, N.C: in September 1995  seed From Mary- '
la'nd stocks!. Seed were 'transferred to the project nursery. Some partners bought additional seed on their own to scock
more. chubs or experimental growwut cages oF their own design.

Larger seeds were' transferred from the on-shore nursery to floating chubs and cages for holding. Grow-out chubs
were stocked wheri enough seed were available- to justify, a project workday.

Chubs

The primary chub mesh used for the project was selected based on Favorable results from pievious tests. A bulk order
was placed with Norplex Inc,, Kent, Wash,, the sole supplccr of thc selected mesh. Dimensions of che material we received
were slightly diferent From t' he material previously tested. In addition, che product quality was inconaistenc,'causibg '
greater waste than necessary. When contacted-abouc this, the company explained that the mesh was nor a standard product
and required a special cutting, also the cu'tting die required constant adjusting during the mesh's manufaccur'e. This caused
the variation from material previously used and the problectis.with quality controh Othe'r chub materials werc purchased
fro'm ADPI Cc., Interner Inc, and Nalle Plastics Co: for compariso'n purposes and for additional experiments,

A major development of' the chub sysrem'was changing from a ladder configuration to a' link configuration. Com-
paring costs of materials and expected assembly times for the two configurations on paper showed a significant savings by
ming links, A new workstaiIon was built to allow dual assembly line construction of chub links, Links were also approved
by the project partners as' a better method.

' The length of individual chubs was.modifiied from che original design. Longer chubs developed problems with seed
oyster washing into one end and requiring periodic leveling of the oysters. Chubs were shortened so that oysters would
collect underneath floats rather than wash inro the ends of chubs,

Project workdays were used to complece chub asse'mbly. Notices were sent to project partners announcing upcoming
workdays. Pai'ticipants sieved oyster seed by size group and constiucted chub links. Chub link conscruccion consisted of
measuring and cutting stabilizer ropes, floacs and mesh, ineasuring and stocking oyster seed; and dipping chubs to ropes.

Assembled chub links were kept at the Sea Grant Research Sanctuary in Bogue Sound until distributed to partner's'
sites. Chub links were identified by treatment type foi testing,

Anchored longlines and marker floats were installed by the project manager at each of'the 10 parcn.ers' sites. Links
were distributed equitably co project partners with each e:ceiving 20,000 oyster seed in chubs, Chub links were delivered
between August and November 1994. This was a much later stockmg dace than anticipated.

Mr. Kevin Wissel conducted follow-up' sampling for test data iq rnid-September and early December 1994,

Kevin Wissel designed several tests to occur simultaneously with the oyster chub ladder project. It was anticipated
chat these tests could be accomplished without compromising the economic nature oF the project. Following are the tests
included in che master's project. Detailed results o'f tests are found in Mr. Wissel's thesis �995. Wissel, K. "Oyster Mari-
cul'turc in North Carolina." Master's thesis.' Duke UniversicyMarine Laboratory, Beaufort, NC!.

Site � 12 sites

Density- 3 detisicies  high, medium, low! '
Mesh size � 3 me'sh sizes

Mesh type � 3 mesh types
Salinicy � high and low salinity sites
Contiol � chubs without floats placed on bottom
Seed size- large and medium seed sizes
Wave energy of site � high and.low energy sites



- A brief description of test results follows. Detailed analyses may be found in the master's thesis.
Tests showing aa significaut dMercnmst
�! Large seed- low versus medium densit'y
�! Medium seed- low versus incdium density-
�! Medium seed- medium versus high density
�! Mc'sh diameter � no effect at the densities tested.

Tests showing significant difFerencesi
�! Medium' seed-' floating versus bottom culture

Floating seed grew faster.
�! Medium seed- low ve'rsus high saliniry area

Seed in two Jow-safinity sites grew faster than seed in two high-sahnity sites.
�! Medium seed at'low salinity � medium' versus high density

' Medium-density seed grew fa'ster than high-density seed at onc low-salinity site.
�! High wave-energy site versus low wave-energy sites

Oysters grew faster at two high-energy sites than at three low-energy sires.
�! Site salinity differences

Fouling was morc severe at high-salinity sites thin at low-salinity sites.
Survival was greater at tow-salinity sites.

Results
Seed

Oyster seed suffere high mortality and slow growth in thc demonstration raceway nursery. Mortality was caused by
the silt accumulation over small seed in raceways. The silt and crowded conditions caused slow growth of the seed, Con-.
struction oF'an upwcllcr nursery solved thc problem.

Oysrer seed continued to grow more slowly than expected. The volumes of water pumped in rhe upweller were
.insufficient for. maximum seed growth for the nuinbcrs grown. Poor seed quality.was also suspected as an additional cause
of the slow'growrh, Subsequent telephone conver'sations with Harbor Branch associates indicated that the seed shipped to
us werc probably left over from several cullings and inay have been slow growers. These same conditions were suspcctcd For
the triploid seed and th'e Maryland seed.

Thc large number of sites made it di&icult to stock and plant seeds evenly at all sites as they reached proper size. A
ptoject objective was to distribute seed equitably to aJJ partners. !n addition, tests required sitnultaneous delivery for
validity. Th» result was that oyster seed were held in high densities Far longer than they should have bccn. This situation
also contributed to slower giowth. The net resuh of the combination high initial mortality and slow growth was that chubs
were pilaccd on parmers' sites much later than desired and the stocked oyster seeds were sinaller than desired.

. Chubs

Problems with incsh quality control were slight. Sections of the tubular mesh where thc dic had malfunctioncd were
discarded. The diameter oF the mesh was slightly less than expected. To compensate, chubs were made shorter with smaller
floars.

In the interest of continuing the search for best materials, several new mesh and flotation types were res~ed. Material
from ADPI  product O'OSN-1! has proven to be rhe inost durable of thc lighrwcight incshes tested 1t has.a bar mesh size
of 9/16-inch that stretches to 1 1/8-inch mesh, This requires particularly large seed oysters that will lay flat in rhe chub and
not become enmeshed in thc chub material.

The conversion from chub ladders to chub links was a breakthrough in construction efficicncy. All partners ap-.
.' proved of.thc new configuration. The chub Jink assembly method is a simple procedure. Project partners and valunteer

students could master the techniques after a fe'w' minutes of instruction.
' . Three people using two workstations could assemble a chub link with 1000 oysters every 5 minutes. One person

stocked oyster seed and flotation in'ta chubs. Two others gneasured mesh and clipped chubs to the stabilizer ropes. A Fourth
person moved chubs and supplied components to the asscinbly line crew..Chub ladder assembly requires more labor and
is not as fast as links. Also, longline flields f' or holding links were less costly than longlines required for ladders.



Grow-out

Ta reit«rare, the purpose of this project was.to move the oyster chub system toward commercial scale and attempt to'
evaluace the economic feasibility of the system. Biological measuretnents were taken in September and December 1994 by
Kevin. Wisset far' use in his master's thesis. Further sampling by chc project partners was scatceied and not consistent.,
Repeated.follow-up calling was unsuccessful in obtaining additional data except fram a litnited riumber of partners. A-
printed survey was also mailed to partners co obtain additional data but ygain only a limited number responded

From those telephone calls and mail surveys it is estimated that 50 bushels of oysters were harvested Form the original
seeding. Of the oysters reported. sold, a price range of $26 to $45 per bushel was indicated.

Discussion
Seed

Results oF this project indicate that the quality of the seed is a critical factor in successfully growing oysters. Seed
quality is certainly a major factor in other tradiuonat farm crops. Poor seed quatjty caused a major delay in srocking grow-
aut chubs f6c this project. This will likely delay expected harvest dates by as much as one year. And ic probably contributed
to the high mortality rates experienced. The problem is especially notable because the same supplier provided the seed that
grew and. survived will in previous tests.

Ta address the problem af seed quaticy ic is important to know what factors conscitute good qualiry. Some desired
traits of agricultural seed are: fast. growth, high yield, disease resistance, environmental tolerance, nutritional-content and
marketabitity. Oysters should be bred for these same qualities.-But is ic passible co' tell whether a.'particular batch of oyster
seed is good quality. What tests can be done to determine seed quality? And what is the earliest point in the life of an oyster
that these craics can be determined?

Some haccheries claim ta routinely discard slower growing larvae an/ only grow or sell the better perForming seed. '
Many hatcheries have unreliable performance and keep as much of the larvae as they cari. This way they' are assured-of
having mare seed to sell without regard to its quality or subsequent performance, By improving the success of hatchery
techniques, the latter group could spawn more times, cull slow growers and still end up with desired numbers of higher
quality seed.

Triploid oysters seemed to be rhe preferred seed by oyster growers who continued;thc project an their own. Although.
na formal data was collected regarding the differences between triploids and diploids, che growers noted several advantages
of triploids. Triplaids seem to grow with mare uniformity af- s'ize than diplaids and the shape of triploid shells appears to
be mo' re rounded., The triplaids appear to be fac'cer. and of more marketable quality throughout the year than diploids,
including in-season and out-of-season harvests. The triploids appear to survive better than diploids.

Seed costs are by far the largest cost in producing oys'ters, especially considering that-large oyster seed are needed to
stack'chubs. Future work should look at ways to reduce seed costs. Seed collected from wild settlement' is used in some
oyster growing areas but'we need co develop effective way co collect wild seed sa that it can then be cultured in off-bottom �
systems; 'On-shor«pumped-water rrurseries can be efficient ways to grow clam seed to larger sizes for planting, but we still
need to perfecc cost efFective ways to culture oyscer seed co the larger, sizes re'quired of the chub system.

Chubs

The new link configuration has replaced ladders as an assembly method. Operating procedures have been estab-
lished for assembly lines. Mesh selection has been narrowed to a tew acce'pcabte types. Proper stocking densities, times and
seed si~ are still being developed..The best type and quantity of flotation also remains in question.'

Fouling remains a major problem with off-bottom oyster cu4ure.p. drying routine was used to control fouling in the
development study. Several, prototype drying devices have been built. None have been adopted by growers and no drying
device has been used by partners to control. fouling in this project. A simple, cost-effective device needs to be developed for
drying chubs. When oyscers are grown in mesh bags on racks, fouling is effectivel controlled in areas where there is a high
tidal atnplitude' that allows regular drying of the mesh. In subtidal cultivation, drying the mesh is nac possible and me-
-chanical solutions must be developed. Fouling severicy'is highly dependent on growing area. The higher-salinity growing
areas generally we' re plagued with more severe fouling problems than lower-salinity areas.



Costs of the System .
The chub ~rem has not yer proven ro be an.'economically feasible method for growing oysters in North Carolina.'

However, these experiences have stimulated a renewed interest in oyster cultivation in the state. The link configuration
significantly lowers the system cosrs over those of rhe ladder configuration. Continued fessibility by other projects are
ongoing, Figure 1 shows a description of the costs of the chub system as used in this project.

Size

25-35 'mm

9/16 inch
2" x 2" x 12"

1/4 inch

1/2 inch

Figure 1. Costs of the' Chub Link Oyster Culture System
144terials Arnoustt

Oyster Seed 100,000
Chub Mesh 6,000 ft

Floats . 4,000
Rope 6,000 ft
Clips, 6,000
Longline 400 fr
Anchors, buoys
Miscellaneous

Total

Speci a/ thanks and atknou keg stent to Eeoin Wissel for assi tance soith this proj ett.

Price

$35/1,000
$0.09/ft

$0.12 ea

$0.02 ft

$0.02/ea'

$0.50

Total,

$3,500
�0
480

120

120

200

200

400

$5,560











Preliminary scallop colleciion, collector assembly.
The spat collection equipment, called a rcn,'consists of nine collecrion bags attached vertically to a rop» anchored to.

the bottom of the sound with sand bags and suspended via a submerged buoy  Figuie 2!.
The collector bags are nylon.&0 crn x 40 cm with 3 mm mesh size and attached at approximately 1-meter intervals

along the line. The bags are filled'with plastic netting to give loft to the bag, cre'atitLg-a "piHow" effect. During rhis study we
use monofilament gillnet material and Nitron, a stifFer polyethylene netting.

Figure 2. &ri eojketor assembly

Spat collection during 1987
' ~ Ini'rial sites for the study beds in the area
~ Ease of access
~ Salinity over 28 ppt

Collectors were assembled into revs having six collectors each, and placed adjacent to the purple hinge rock scallop
beds in the southern Sitka Sound area at Deep Inlet, Leesoffskaia Bay, and Nothoroughfare Bay  Figure 3!. The collectors
wer» placed in each location. at three different times: June 3 i, .July 12, and July 31, 1987,

Figure 3, Sitesseketed for secrllap studies s'n Sitka Sotted, 198788.

The first series of three rens were retrieved in November 1987;A total of 411 scallops were collected, predominate1!r' .
spiny and pink scallop. Average size of the scallop spat was 4.3 mm, S=.88  n-30!, Survival from the initial retrievals was
very low, arid we did noE retrieve the remaining resis urttil May 10, 198&,'At that time only two rens were located at
Leesoffskaia and Nothoroughfare Bay, Approxitaately 1,120 scallops were recovered. The average size was significantly
larger than spa't collecte'd in the fall at 7 7 mm, S=1;8  n=30!.'Survival of these larger spat was very good, nearing 95%+, .
Spat were outplanted to determine growth potential, Initially, 50 spat were placed in clean collecto'r bags witli a sin'gle bag



placed' in each chamber of a lantern net. Three lanrer n nets were prepared in this manner and anchored in Aleutkena Bay.

Continuation of spat collection in l988
In 1988 several modifications'of the study were implemented as more collection gear became available. Two addi-

tional sites were added at Pirate Cove and Protected Cove, Nothoroughfare Bay was dropped. as a sample location, and, in
order to better estimate scallop spat set timing, deployment of the rcns was iiutiated earlier on May 2. A total oF 17 rens'
were deployed as Follows: two at Pirate Cove, six at Deep Inlet/Samsing Cove, six at Leesoffskaia/Aleutkena, arid three at
Protecred Cove. The rens,were retrieved on February 15, 1989, and April 12, 1989

Agai~, spiny and pink scallop were the predominant species collected  Table 2!, Survival was not significantly differ-
ent than the February 15 and April 12 retrieval dates.

Tabls 2. Ssallops collestcd'irt tho Sitka Sound SoaZols'Proj rrs during she summer of l988;
Species

Average size of the spat was 11.75 mm. Fouling was troublesome, parricularly from early deployment  Figure 4!.
Mid-summer deployment of rens captured signifieanriy more spat than those deployed in the'spring and early summer,

Figaro 4. Rosulrs front sraltlop ool/rotors from Sitka Sound, rhaska, l988,

From the spat collection results, it appeared that the best spat collecriorr and reduced interference from fouling
occurred when rens were deployed in mid-suinmer.

An additional part of this 1988 study was to determine if depth of collection was significant in capturing scallop
spat. To determine the effect of depth, the water depth the bag was measured'by scuba diving and using a depth gauge: The
number'ofscallop spat from each bag were counted. Results indicate that the best dhpth foi cooection was betweeri 6 to 10.
meters  Figure 5!  Coulthorpe 1988!,

Location . Pink

Pirate Cove 48

Deep Inlet 169 .
Leesoffskaia 67
Protected Cove 191

TOTAL SCALLOP

Spiny
222

1119

508

1130

Purple Hinge Total
27 297

68 1356

16 591

82 . 1403

3647



. Figure 5. Depth ranges Pr scallop eolleesi on,

Coetluuatiotc ef the study, 1989
In 1989,'the project was expanded to include collection and analysis of bivalve larvae samples co atcempc prediction

of setting time' and enable cnore precise deployment of collectors, Beginning Jurie 16, 30-meter vertical tow plankton
samples were collected using a 50 mm size pl'ankton nec. Monitoring plankton differed for each study site based on access.
Severely stormy weather during the'summer af 1989 did not allow us to access the. sites nearest the open ocean, thus
limited plankton data was obcained from Pirate Cove and Samsing Cove,

Subsamples were taken using 1 ml volume Hensen-Stempel pipets. General zooplankton composition was recorded'
by counting individual organisms. This was d'one to assess the prospects for invertebrates such as crab and starfish settling
in the collector bags, causing loss of spa'c from predation. Bivalve larva were separated fram the sample�placed in a
counting chamber, and examined with a microscope equipped wirh a video camera unit chat projected an image of the
sample on a television monitor. The larva wer'e identified by type: mussel, clam, and scallop. The television monitor was
calibrated with a-stage mi'crometer so larva lengch could be measured; These lengths were chess conve'rred to actual mea-
surement in microns.

Knowing thac scallop larva set when they are approximately 250 mm, the rens were to be deployed when the larva
reached approximately 226 mrn in length. length frequency.data was collected from cd areas in an attempt to determine
'set timing and the relative numbers, of bivalve larva that were above oc below 220 mm. Discinctly di&erent patterns
occurted between the two sites. At Protecced Cove, che initial number of larva above 220 mcn ~ quite high on June 16,
but dropped by greater than 80'Yo by July 8  Figure 6!.

Fi 'lss re.6. Lrngrh freqtsancy ofsealkp ksrva above and belov 220 ntns at Proteetesl Cove, Sitka Senrtd, Alaska.



At LeesofFs'kaia no such drop in larger scallop larva occurred. An abundance of larger size scallop larva were evident
during the entire sampling period  Figure 7!.

i

1'ipsre 7 Letty freqsterscy of seagop 4srva above aria' beksv 220 rtim at Zeesogskaia, Sitka Sotsttd Aksska

On the first date of plankton sampling, June 16, an abundance of larger size  greater than 220 mm! scallop larva
were cap'tured. At that point we decided to deploy all collectors at all sites immediately. Within 5 days aH the collecrors
were deployed. Unfortunately, the results of the 1989 spat collection were not quantified. The collecrors were recovered
and em'pirical estimates of the results were noted by the. investigators. There did appear to be a pattern ofsuccess. In order
of most-to least-successful collectors, the most obvious observation was the massive spat captures that occurred at the
Leesoffskaia site with more than 500 spat retrieved per bag. Protected Cove had far fewer spat. than LcesofFskaia even
though the sites are in close proximity  approximately 2 km apart!. Modeiate numbers of spat  less than 300 per bag! were

'collected at the Pirate Cove and Sampling Cove sites.
An apparent correlation may exist between the LeesofFskaia site and the large! number of spat collected in the area.

. LeesofFskaia was the only site where large scallop larva  greater than 220 mm! persisted. All the o'ther sites had decreasing
numbers of larger scallop larva starting at July 1.

Results of growout study
' For growout, approximately 50 spa't were placed in clean coDector bags and each bag inserted into a chamber of a

lanterri net. The spat were grown out to approximately 25 mm then removed from the collector bags and placed. directly
' inro lantern net chainbers at a density of 50 scallop per chamber. The lantern nets were anchored at LeesofFskaia and grown
frotn Octobe'r 1987 to March 1989. Measurements of shell height  from the hinge to the op'posite shell margin! were .
'mea'sured approximately every six months. Wate'r temperature during the growout period were considerably cooler than
occurred in more southe'rn-latitudes  Figure 8!.

Figure 8. So rfaee mater teitsPeratisre of sotstherrs Sitka sossrsd dtsrirsg sea11oso growth stagy llfuy 1987-Se1rteraber 1989,
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The scallop grew very well, and were significantly larger than that reported from wild populations  Figure 10!. As an
example  Bourne and Harbo 1987! reported chat a five-year-old spiny scallop reaches approximately 75 mm in shell
length. After 18 months of lantern net culture, a number of spiny scallop reached that size, although the average size was
60 mm. Pink scallop grew more slowly, while purple hinge rock scallop grew fastest.'

The growth of pink and spiny scallop also appeared' to level off by the end of their' second year, while rock scallop
growth rates continued. One interesting feature of rock scallop growth is the diHereuce in shell mass and morphology from

' rhat of wild-grown scallop, In a laittern net culture operation, the shell is far less mas'sive,' and 'takes on the ribbed appear-
ance associated with scallops and lost in wild scallops.

I'igstt 9. Gtsssuth tsfaaiissp at Iacsoffikaiain satstistrn Sitka Sotsnti, 24rska..

Confusions

%'e were unsuccessful capturing wild spat of the weathervane scallop. A smail number of purple hinge rock scallop
spat were captured, but not enough ro make the process econ'omical. The predominant species captured werc spiny scallop,
and we could increase the, capture of this species by estimating the time of spat set and subsequent appro'priate deployment
of the 'collection rcns. Attention to scallop. larva size in the plaitktou monitoring  greatcr than 220 mm! may increase the
chances of successful. capture of spiny scaMop. Fouling czn be miniinized with proper tiining of cdllector deployment,
Deployment of the collection bags in a longline system at a depth of 6 to 10 meters will increase spat collection.

Growth of. the scallop was definitely improved above that of wild populations,'but'with pink and spiny scallops,
growth decreases significantly at about 60 mm in'shell height, thc average size we achieved at the end of two yeais of
growout. Purple hinge fock scallop can achieve 80 mm in shell height at rhe end of two years of:cultivation and growth
continues to increase after the two year growout period.
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used ro evaluate the effects of incidental grazing on gonad development. Animals were fed three times per, week for a two-
month period. They were then measured, weighed, and their gonads dissecced for weighing and grading.

Results and Discussion

Animals in all treatments had increases in gonad weight and index, d'efined as che gonad weight divided by the total
animal weight'and expressed as a percentage. Table 1 presents data on gonad index and grade For e'ach oF the «xperimencal
treacinents and controL There is no significant difference in gonad'index between any of th'e fed treatments,

TABLE I. Wean nrehi n weigh« niainete r gonad' i nder aau'qna/ity

Uni grad~ % A/BfC

22/45/33

11/89/0

78/22/0

67/22/11

22/45/33

Moan gonad index

7.0

9.6

10

9.9

8.5

Mean diaaneror  niin!

103.0

104.6

102.2

102.42

102.82

Mean knight  g!

485.0

454.4

44'2.0

438.8 '

454.4

'9VILD  initial!
KELP.

MEXICAN

LAWRENCE

NO FEED

Supplemental enhancement of red sea urchins using kelp and formulated diecs results in increas'es in gonadal index
arid uni grade. On average, goriad weight increased in rhe neighborh'ood of'1g/wk in all fed treacinents. The observed
increase in the gonad index of the unfed controls most probably resulted from 'their grazing the abundant algal turf that
grew in the concrece raceways.ephis increase in gonad index of unfed animals was approximately one'-half that observed in
the fed animals.

There were observable differences in the final gonad color and this is reflected in rhe degree of variability in grade
and rhe percentage of uni in the highest A grade category. Animals collected from the wild and unfed controls were
observed to have a higher degree of variability in their gonad colois and resulting uni'grade. The range in uni grade is
similar in the unfed animals to thar Observed in wild urchins harvested in areas without abundant kelp, both of'which
,presumably grazed on mixed algal curfi The best grades were-observed in the cwo formulated feed rreatments and the kelp
diet, followed by the no feed trial and the wild condidon at the beginning oF the trials,

Supplemental feeding of red sea urchins increases their market value in a relatively short rime. This practice can aLso
' improve the fishery by allowing divers to access the resource when seas are calm and safer diving condirions exisi'. The
practice oF holding urchins for a period and enhancing rheir uni weight and grade would also allow haivesrers to supply
markets with a better product on a more consistent basis. This, is particularly important during the December holiday
season when. demand and price often peak. Coincident with'-this peak, California divers must contend with high seas and
winter storms.
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Harvest History

Prior to 1970, geoducks were strictly an intertidal recreational harvest species. In the late 1960s, diver-biologists
from the Washirigton Department of Fisheries, now the Washington Department of Fish and Wildlife PWDFW!, discov-'
ered and documented vast reserves of sub-tidal geoducks. In 1970, the commercial fishery for subtidal geoducks began.

WDPvV assesses subtidal populations of geoducks for number, size and quality. Geoducks are a sedentary natural
resource and as such the Depart'ment of Natural Resources  DNR! manages thb sale of sub-tidal tracts fished by the
commercial geod1ick Fishery.

Geoduck Facts

~ Geoduck distribution; Baja,:California to Alaska, from+3 foot tidal height to-.400 feet deep.
~ Geoducks can live for more than 100 years
~ Once harvested, geoducks stocks are slow to repopulate � about 50 years on average. The allowable harvest in Wash-

ington state is about 3 million pounds per year, equivalent to 2'Yo of harvestable population.
~ Most geoducks are unavailable for harvest, living either in closed areas or in waters too deep for divers.
~ Geoducks start sexual reproduction-at 4 to 5 years old. They spawn periodically from March to July, with each female

producing about 40 million eggs over the season,
~ Geoducks grow to a weight of about 2 pounds in five yea,rs and reach maximum size in 15 years.

The average weight of geoducks harvested from puget Sound is just under 2 pounds. however gcoducks can reach
weights of more than 14 pounds.

Geoduck Culture

~ -' Geoduck culture, began an a small'scale at Paint Whimey in the 1970s.
~ Commercial scale culture salaried in 1982 under a memorandum agreeinent between the Department of Fisheries and

ihe Department of N'atural Resources. The goal of the project was to double the subtidal commercial harvest of
geoducks in 10 years. By 1987, the hatchery was producing 6 million geoduck seed per year. These seed were planted
without protection inta subtidal areas.

Culture Facts

~ Geoducks-start life as swimming larvae only 80 mm long.
~ They swim, eat and grow For 25 days.

At a size of 400 islam they sink ta the bottom and crawl around, much like a sraii, earing whatever they can find
growing on and between grains of sand

~ By 6 weeks of age, at a size 'of 1.5 ta 2 mm,' they have developed a siphon. At this point they dig into the sand and
begin filter feeding,
In another 6 weeks, they grow to about 8 mm in length � a good size for planting.

Factors That AfFect Geaduck Gro~

~ Food level � natural algae production
~ Currents � strong currents bring in food .
~ Temperature � geoducks grow well at. water temperatures of 55'F to 65'F but will be stressed at continuous tem-

peratuies above 70'F
Substrate t'yp~ilty sand is' best



Goal of Intertidal Geodnck Planting .

~ Make' more geoducks available to recreational diggers

How WDFW Se'gun Planting Geodncks on Beaches

There are few public beaches with geoducks readily available for the recreational digger. In 1990, WDFW diver/
biologists discovered 'very low survival rates among the unprotected. geoducks planted in subtidal areas. Experiments
revealed that predators such as crab can get to geoduck seed even when the seed is buried several inches deep. WDFBLW«
staff Brady Blake and Hal Beattie invented a method for pro'tecting nally planted geoducks: place the vulnerable seed
inside of short pieces of plasric pipes stuck into the sand. This technique became known as the tube method.-

' . In 1991, Brian Hovis, biologist with'Washington State Parks and Recreation, invite'd Beatiie and Bfake to test the
cube method on beaches in four state parks. Test resuks in 1992 from the four beaches showed an average overall survival
of 40%. By- 1993, the planting techniques werc,.being ado'pted by commercial interests in Washington state and British
Coluinbia.

Dhaeinjr !n rli gauhck Ql,' p' ««A«.«««!
Richard Pook. Ltt tntrti Shellfish Hatchery, Bciiinghant, Wathiagtt!n

This paper describes methods used to rear geoducks. Most techniques are modified from those used in oyster and
clam culture. For the information in this paper, the author relied heavily on the experience of other hatcheries, particularly
the Washington Department of Fisheries and Wildlife  WDFW! laboratory at Poiiit Whitney. Geoduck'larvae have been-
reared at the Lummi Shellfish Hatchery on several occasions. Juveniles were produced by two different methods, bbth of
which will be described.

Hatchery rea'ring of the geoduck clam is a relatively new venture. WDFBCW  formerly the Washington Department
of Fisheries or WDF! has been involved in a program of ge'oduck enhaticement since 1981 using hatchery techniques '
.developed for' oysi:er and clam culture. An original goal of the enhancement project, conducted in cooperarion with the
Department of Natural Resources  DNR!, was to double geoduck landings in Puget Sound. h was'estimated that reaching
this goal would require planting 30 million geoduck seed per year. Funding for the. project was to be provided by lease fe'es
paid by divers harvesting g«oduck on DNR tracts.

In 1983 the WDFRW Point Whimey Laboratory produced millions of geoduck larvae From stock taken'from
various locations, mainly in south and cent+ Puget Sound. Two years later a sand-substrate nursery was completed and

, the lab was successfully 'producing geoduck juveniles for planring in Puget Sound. Qy 1988 the number of seed planted
increased to 7.5. million juveniles. Seed was broadcast over selected areas of Puget Sound and.was also. planted on state
beaches. It was anricipated that the seed would dig in and surv'ive' However, observations indicate, that less than 0,5% of'
the planted clams survived.

WDFW geoduck enhancement efforts were reduced for two reasons: . �! low returns and �! problems rearing larvae
and seed after the 1988 production success. In 1996, efforts were made to produce stock From specified areas. More than
100 broodstock geoducks from any one locarion are requited for a viable larval culture. Several attempts to rear larvae were,

' aborted because of a lack of spawners present in. the sample harvested. WDF8|W.biologists did. note that geoducks spawn
multiple times each year.

Reduction of hatchery efforts to maintenance levels is unfortunate. Market demand for geoduck is cui'rently very
. high, The'present market in Washington. is for live geoducks, Number 1 or Number 2 in quality.  No processing occurs in



the state.! The aquaculture industry is well suited to meet this demand. Planted geoducks reach market siae in three years
and have excellent market characteristics such as white color, uniform size and ready availability. Present aquaculture
efforts could use millions of geoduck seed for grow-our.

Hatchery Production of Geodudr'Larvae
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Geoducks can be reared in th'e hatchery using procedures that have been developed for oysters, dams and other
species. The t.um'mi Tribal Shellfish Hatchery has been rearing clams and oysters since 1969 far planting on Lurnmi tribal
grounds and for sale to other growers  Figure I!. Using standard procedures, marine algae CHGRA, CC, 3H, SK3,
hochrysis and P. lsstberi are grown for feed; broodstock is conditioned and spawned; filtered sea water of a proper rempera-
ture is placed in frberglass ranks for culturing the larvae; the cultures are changed, sorted and cleaned'on a regular basis
 usually three days! until the larvae are ready for metamorphosis.



Collectiori of Broodstock

Adult geoduck clams can only be taken by commercial permit and under personal license limits set by W/DPX? It is
also possible to obtain special harvest permits issued by tribal fisheries. Stock For rhe t,ummi Shellfish'Hatdiery is taken
from central Pugct Sound near Skiff Point by commerc'ial divers and transferred to tanks at the I.umini Shellfish hatchery.
Careful selection and handling of the adults is required.'Any tears or breakage leads to mortalities, usually sooner rather
than later.'So will 1'ifting geoducks by' 'the neck  siphon! or other rough handling, Because the combined weight of the
animal's body, shell and included water is so great, lifting animals by the siphon will brcak siphon muscles, killing the-
animal.

Broodstock were selected by the following criteria: �! young and in obvious-good heakh, �! white in color, �! no'
tom membranes or broken shells, �! transported to the hatchery within 24 hours of harvest and �! harvested from a
central location. Broodstock geoducks are transported in a van and are packed in single layers in wct blankets to minimize .
exposure to wind and «hilling conditions. Harvesters should avoid temperature extremes that may result from leaving 'the
inoist blankets exposed to evening temperatures near or below freezing.

Properly' collected animals will survive quite well in the hatchery without any special holding or restraining devices,
such as rubber bands or sand. IF the animal is intact, the membranes that normally keep it together appeai. to be adequate.
Healthy animals will have siphons withdrawn into'a short compact mode. If the siphon extends and droops, the animal is
in troubl'e.

In 1997,' broodstock was collected on January 23 to determine if it was possible to condition geoducks out of season
and produce juveniles early in the year. Early conditioning is already used in thc oyster industry. Early producrion' of oyster
seed results in fast spring growth; the seed acts as if it were set in the falh

Conditioning of th'e Adults

Broodstock was hung in plastic baskets i'n 32,000 liter tanks at 12'C for two weeks. Examination of three adults  one,
Female and~o males! at the beginning of the two-week period-indicated that the Female was-just beginning to form eggs
and the ma!es had active sperin. Foo'd was added to the tanks daily in large quantities  excessive atnounts of pseudo-feces
are produced if the animaIs are overfed! and water changed every three days,

Small compartments, approximately the-saine size as the clains, werc rtiade in the baskets using 3/4-inch PVC pipe.
Long-term contact with slats in the bottom of the baskets used to hold broodstock sometimes causes ulcers to develop on
the Feet of thc geoducks. Sinall nitex inesh was added to ihe bottom df the compar'tments in an attempt to reduce this
problem During 1996 broodstock triab, clams housed in large buckets of sand also developed blackening of the foot
-caused by low circulation. Pu'tting holes in the buckets reduced this problem. Holding geoducks in sand had other draw-
' backs. The sand was contaminated and brought in unwanted animals. It was difficuIt to handle the heavy buckets and a
crew of several people was required to change the tanks and move the adults w'hen spawning occurred,

During the 1997 conditioning trials, water temperature was increased to 17.5 C on February 7 and feeding in-
creased. Water was colored wi th CHGRA, SK3 and Isorhrysis to the point that the bottom of the eight-foot-deep tank was
not visible. A small spawning occurred the next day and the adults were removed to another tank. This first spawning was
light, producing approximately 7 million larvae. The adults spawned again February 13 and produced 30 million larvae,
The adiilts were then removed and water ftoin, the spawning tank siphoned to an adjacent 32,000 1 tarik to dilute thc eggs
and sperm and allow development to proceed without excessive hatidIing of the egIp.  A similar procedure is used for
manila clams. Dilution is'accomplished by further siphoning, iFnecessary. Fresh filter'ed sea water at I S C is added to the
tank to fill it to the top.!

The adults were moved to cold water �'C! because no tanks with warm wa'ter were available. This temperature drop
caused severe stress and more than 30 of the animals died. Examination of the i'notes showed they were still in spawning
condition with eggs and sperm present. Examination also showed that more males were prcscnt than Females. How'over,
suRrcient females were available to provide large quantities oF eggs. The geoducks that survived thc transfer to cold wa'ter
pulled their' siphons into healthy, rerracted positions.
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Sea Water System

With thc sca water system, water for the shellfish hatchery is taken from a shallow' six-foot intake in a 700-acre
saltwater pond.- adjacent to the facility, Two 25 hp cast iron pumps supply both che Fisheries and shellfish operations
through PVC lines. Water temperature at the intake ranges from O'C in che winter to 25'C in mid-Nly. Salinitics range
from 15 to 30 ppt. Water is filtered in three multi-.media pressure filters through pea gravel, sand and anthracite coal.
Water is heated by-Pyrex glass and titaiuum plate heat exchangers powered by two modularing propane gas boilers  900,000
,Btu and 500,000 Btu!, Hatchery wacer can be mixed to provide any temperatiire from ambient to 30'C, Temperature
adjustment is manual and teinperaturcs may fluctuate when tanks flows are changed. Hatchery drainage goes to a pond
and adjacent tidal area. Air is supplied by a 10 hp blower.

Algae Culture

The basic system is open batch culture. Starcer cultures are maintained in au'tociaved 1000 mi Basks and changed
every one to seven days, depending on the species and situation. Changing diatoms daily appears to rejuvenate the cultures
at ~imes when large quantities of algae are required. Total annual hatchery algae production is 151,'800 l. At maximum
capacity, thc hatchery uses 42,0001 per day. The hatchery does not have a. centrifuge co harvest excess algae and ranks may
be duinped if algae are' too old. Most of the cultures are used in. three to seven.'days depending on the species. Iso~hrysis-type
algae may be,' held longer.

Algae tanks range from 3,800 to 17,000,1 in size. They are chlorinated with 90 ppm chlorine �2.59a chlorine from
. a 15 gallon carboy! and allowed to stand overnight. The tank is de-chlorinated with equal'amount of sodium rhiosulphate
and allowed to aerate for rwo to four hours. Then nutrienrs and one or two carboys of algae inoculant are added. All
cultures use the f2-nutrient solucion. Silicace is not added ro Isochrysr's, T-Iso or P. lathers  all che non-diatoms!. Carbon
dioxide is not added to the cultures. The cultures are continuously and heavily aerated and are lit by metal halide or cool
white fluorescenc lamps.

Cultures are fed by pumping the algae to.the large culture tanks with a stainless steel purrip and I in. vinyl hose. The
amount of algae to be added co the ranks is measured by pumping time. With 30 minion cells per ml in che culture,
approximately 25,000 cells per minute per ml are added to the 32,00G 1 tanks. Algae culture densities vary from species to
species,' with the diacorns CHGRA, SK3 and CC producing culture densities that usuaUy range From 1.0 to 3.0 million
cells p«r inl. Iso, T-iso and P. /zcrheri culcure densities are usually less than 1,0 million cells per ml. Due to limited, person-
nel, counts are not made on a regular basis. Water coloration is judged by cye, based on experience. During the Iatec larval
stages of oysters and clams, tanks are fed twice a d'ay, early in the morning and late in cIie day;- This schedule has produced
good results According to WDFW, geoducks should be fcd at lesser rates and carly cultures should not be fed morc than
10,000 cells per ml. Feeding concentrations can be increased to 15,000 cells per ml and above later m the'larval cycle.

All of the cultures are cnhanccd with f2 nutricnc medium as described by Guillard �975!. Xutrients are made in
fivc-gallon carboys, sterilized and placed on shelves for use. Nucriencs are made several times a week, Vitamins are kept in
the refrigerator until usc. All of thc nutrient stock solutions arc made in high conccncracion to near saturation.

Larval Culture

Geoduck larvae are cultured in the same fashion as the oyster and clam larvae. Tanks used for larval culture range>n
size from 8,000 to 32,000 1. Tanks are filled with 18' water from the heac exchangers and the larvae are added. Feed is
addecLdaily at the req'uired rate, aiKi according to larval size. Small larvae less than 150 mm are fed lsochrysis, T-ISO, SK3
and CC. Larvae over 150 mm are fed additional species including 3H and CHGRA.

In 1996, the fitst spawning o f geoducks occurred on March 14 with a second spawning March 20, a third spawning
April 4, and a Fourth spawning on April 18. In, 1997, the first spawning occurred February 7 with 'additional spawning on

, February 13. Eggs measured 75 mm.
Following che 1996 spawnin'g', we observed that straight-hinge larvae, reared at 16' to 17'C, were purplish in co or

by 24 hours of age. They reached a size of 125 mm by March 23, 10 days later. The 1996 cultures were From a mixed spawn
and it was difFicult to determine the exact sequecice of rearing sizes. On March 29 the larvae ranged in size from 100 to 190



mm and were reddish-brown in color. Shells. were thin and easily broken. Larvae of 15 mm can squeeze through an 88 mrn .
screen. Larvae are siphoned onto screens with water above the screener to avoid direct impact of the larvae against the screen, '
By April 10, 1996 some of the larvae reached 350 mrn and were crawling. By April 13, all larvae reached 350 mtn, On
April 15, 1.5 miHion were transferred to an upwell/downwell system as shown in Figure 1.

During the rearing; some er'asian of the cilia by bacteria was noted. Clean food is very important; food can be a
source of contamination. Feeding.was heavier than recommh'nded by WDF8cW biologists and o'ften exceeded 25,000 cells
per rnl, Larvae that went to the bottom were not' recoverable due to contamination from detritus and assorted bacteria.

Setting of Geocfuck Larvae

Juveniles are pedal palp feeders, according ta the literature. Experime'nta with downwellers and upwellers indi~te
. ' that setting in downwelfers results in high survival ihrough metamorphosis. A substrate of sand and ground oyster shell is

an e6ective rnediurn for juveniles up co 5 rnm.
'At the WDFW hatchery in Brinnon, the nursery was designed for over/under flow chat provided interstitial flow in

' the sand co prevent loss of oxygen. The 12 fc x 80 FC raceways used for rearing the juvenile geoducks required large
quantities of sand and gravel. Food for this system was taken from the lagoon at, the station. In addition, algae.was reared
in the hatchery. The system was highly successful and produced over 6 million clams in 1987. Harvest of the clams in this
system required large equipment: fish pumps for removal of the clams, and sand and dump trucks co remove rhe sand. Seed

. was held in upweflers for up to two days after harvest  separa'tion from the sand!,
At the Lummi Hatchery we have.had good success wichout using any subscrate while employing other principles of

the&DFW grow-out op'eracion. Flo'w was applied both to the bottom of the cylinder with a sinall aquarium pump at 475
gph and by airlift to the top of the cylinder to give maximum circulation and cleaning  Figure 2!. The design was imended
co reduce dependence on substrate for rearing; Setting without substrace goes very well in the downweH mode of the
upweil/downweH box, In 1996 we grew clams to 10 mme in this system. We began to experience mortalities due to warm
weather in late Juke when pond temperatures reach 23'C. ~

The rearing success of juveniles raised in plastic and paper tubes � in,'. co 6 in.! and under netting has ranged up ro
809o using larger seed classes, We have some indicadon that small seed � to 10 rnm! can also be placed in tubes with net
covers with good success and seed as small 'as I inm have been successfully planted in, tubes with net covers, IF these smaller
sizes prove viable, the cost of hatchery seed mill be reasonable and geoduck. farming will become, a reality, Even if seed
priced at $0.25 each suffer 909o mortality, the seed cost per adult animal is only $2.50 compared to an average final market
value ranging from $7.50 for a 1,5 lb. anir'nal to about $15 f' or a 3 lb, animal. Seed that is reared to 15'co 20'mm will cost
more and still be subject to some mortalities.

. Currently, hatcheries can g'row seed of 2 to 10 mm with good success. However, some hatcheries don't have chc
facilities to grow seed to a larger size which growers may prefer, A secondary grow-out 'system would be needed to produce
larger seed.

Configurations for grow-out nurseries indude sand-fillcxI swimming pools, sink Boats, lantern nets, and floating
upwell boxes  with or without sand!. Using these methods, juveniles can be grown to cnuch larger sizes, increasing planting
succe'ss. However, as scared before, seed costs 'will. increase substantially as the size'af che seed increases.

Demand For geaduck seed has increased dramatically with the success in cukuring geoducks intertidaHy. The poten-
tial for a large and highly valuable industry is just around the corner, but requires seed to be succe'ssful. Present hatchery
production is far below volumes needed to meet demand.

Bibliography

Beattie, Hal, In press. 1996 Geoduck'Hatchery Manual: Washington Department of Fisheries, Brinnon, %ashingcon

Guillard, R.R.L., IK Culture of Marine Invertebrate Animals. Smith and Chanley wads. Plenuin Press, New York �975!.



. AIRI INE

3/4

QVERFLDV SYSTEM

ES G
.UNHERFLGW SYSTEN

55

Figure 2. Fiberglas reanng box for geoduek elarrn' 4-10 mm uruh ovir/unckrri rcuka'on.

CENTERS
UNDERFLOW SYSTEM



Brian Zhipps.. Taylor Shclljvh Farms Shrkon. %ushi nyon

At Taylor Resources we have be'en commercially planting and harvestirig geoduck clams for Five years this October
�996!. %'e receive the seed from the Taylor Hatchery when it is 3 to 6 mrn in size. So far we have found chat smaller seed
seem to dig in a little faster than larger seed.

Car Cover Method

After we receive the seed from the hatchery we have two methods of planting. One is with car cover and the other is
with tubes, Car cover is the fastest way co plant gcoducks. There are diferent sizes of car cover that you can usc; I/4 in., 1/
2 in., and'3/4 in. mesh, To pla'nt seed and use car cover, we trench ditches 6 inches deep around the edges of the net. After
making the trcnch we rake thc ground to create littie furrows. This helps get any leftover crabs and snakes little valleys for .
the seed to settle into.

For 1/4-inch inesh or Larger, you can lay mesh down, bury thc edges, then plant thc seed straight through the net.
For smaller than I/O-inch mesh, you have to lay the animals down first, then carefully pull the net over them and bury the
edges.

%'e experienced several proble'ms with car cover. If you plant on a windy day, the animals noway be blown onto a
sectiori of the cultivated area. This results in too many animals in one area and they will not grow as fast as you want them
to, Netting also rips in really bad weather. Another time,'we had geoduck necks get.mught in the netting and the constant
pull. actually pulled them out of the ground. Suivival usmg car cover has been hit and miss. Sometimes we plant and gct
good survival. Other times we plant and get lousy 'survival.

Planting with Tubes

The next method of- planting is with tubes. Tubes are time-consuming. You have to individuaHy cut your pipe into
9- to 10-inch lengths and push them into the ground. They arc pushed about 7 in. deep so chat 2-in. of the cube'are above .
ground. %le plan  43,560. tubes per acre; each rube is planced with three to five animals depending on tidal level. After the
animals are put into thc cubes, a mesh'is placed over the top of each tube to keep out predators such as crabs, moon snails,
fish and anything else. Tubes take a lot of man hours to cut, store, and install, but are the most successful way of pLinting
wc have found so far.

Harvesting

Now, you may ask, how are. we going to harvest? We have tried two inethods. One is by digging with a shovel and the
second is by using a pump. Using a shovel is time-consuming, plus you'break a significant amount of geoducks this way.
You also leave a big hole in the ground that takes cime to fill back in. In addition, you-cannor'replant the groun'd until the
holes have been completely filled.

The second way,to harvest is by pumping water to liquefy the sand and break the suction of the geoduck. Then you,
can pull them right out of the ground with little or no breakage. After harvesting with the pump, we have found that we
cast re-seed'the ground sooner. The pump also cleans the ground of unwanted material such as oy'ster shells and. debris.

. At Taylor Shellfish Farins, our goals for 1997 are to plant 2 million seed and to harvest 12,000 lbs. But by the year
2000, we hope to harvest 2.5 million lbs.



Pkmtiny GtpednMsst at SaAsssass'o Ske@Polk Cs.
rois Dahmars, Dahman's Shel+ h Co,. Shelsoss, Wasbissgton

Last summer, our company planted 11,000 geoduck seed clains.'We punched holes in che sand with a steel rod and
dropped one clam into each hole. The density was one animal per square foot. It sounds simple enough, but it took nine
of us two days co complete the plant. The only immediate problem observed in the area was moon snails. We haven't had
a chance to assess the outcome yet, but it look's promising from casual observations.

We bought broodstock to condicion, spawn and produce larvae. This experience taught us the following:

Collecting enough females is a inajor problem. We bought a total'of 200 animals for broodsiock and found thar only
11 were females, e

~ ' Geoducks are dribble spawners.
~ Larval rearing and setting are currently inconsistent.
~ . Feeding larvae the proper amount of food is critical. If you over-feed the larvae, they will die'. Keep algae 'ceU densities

on the low side.

~ Geoduck necks don't always "show" on the grounds derring February and March. Apparently, many of the geoducks
retract their necks during this period and will noc "show again until April or May, The time period seems to depend
on the area.

Geoduck culture provides an opportunity For existing shellfish farms to expand and diversify operations. Geoduck
culture also allows che use of marginal'areas unsuitable for farining oysters and clams. However, growers must be patient
and consider cha't it will take four to five years to produce a crop.

Buweuniny PMRicaiI %e ' I
Eric Gsra, Furs SeaIooehle'cl, Coursrscy, Brisish Colsssssbia, Cassaaa I

When I cons'ider all of che factors that have reduced my productivity over the years, both as a fisher and as an
aquaculturist, the one factor thar stands out is political resistance. The resistance to our project in Canada came from
individuals within four basic groups � govern cnent> industry, natives and environinencaliscs. This resistance can be broken'
clown into three basic rypes � the reasonable, the neurotic and the corium..

In such a short presentation it is noc possible to provide a comprehensive description of all chd ways we use to
overcome the political resistance to our operation. But che following will give you some insight.

We dealt with the legitimate concerns of the environmentalists by targeting natural beds for reseeding that, as fishers,
we knew had been mined down over the years because of mismanagement by che Department of Fisheries and Oceans
 DFO>. 'vVe are seeding these beds only to a density that we think is the same as the origInal natural density. We are also
seeding a permanent fringe. around the working area of each site which will add to che natural' spawning biomass. We are
leaving a large buffer zone becween the beds, and are trying to fit into the iiatural ecology of the sites. For example, we don' t
trap away the predators. Whenever we can't be invisible to the eye, we tcy to be pleasing to the eye. We have refused to be
'politically pressured into accepting small sites on the grounds thar we can'c be environmentally sound and financially
feasible unless we have enough aiea. We' ve spenta great deal of time, money and.energy responding ro legitimate,environ-
mental concerns. Then we proceeded with our work regardless of the remaining resistance.

Fishers have rhree legitimate concerns. The first is over che limited ainounc of coasral area. We are dealing with this
concern by helpi'ng the fishers-move from a fishery based upon the "guesstimacion" of nacural recruitment to a cuir'ure-
based fishery which requires less area for them to becom'e more productive, The second. concern is what to do about
residual natural stocks on prospective aquacultural sites as they are rolled ou'r of che common resource and into piivace
tenure. We have resolved this by relinquishing any claim co the residual natural stocks. In addition, we have recommended
thar the fishers' association be allowed to purge-fish these stocks through a low-bid process outside the regular rnanage-
mint plan of the fishery..We have also recommended that profits from the purge fishing go into a generic fund to deal with

. problems that are common both to aquaculture and to culture-based fisheries, such as how to cooperatively market the



increased amount of stocks, which is the third concern of fishers.,

Of course we ran'into problems putting these solutions into place. Opposition came from some of the fishers who
wanted to maintain their rnonopo'ly over world supply and from some Individuals within DFO who wanted to perpetuate
their own mindset and existence at the expense of the whole. Simple exposure of individual corruption has proven to be an.
effective tactic in dealing with these. people. This requires working froin within for extended periods. of time in order'to
properly define the various forms of rieuroses and corruption that exist within their organizations. Money can also be an
effective tool when used properly, not only when dealing with the corrupt but also with the neurotic.

The'most c&ective approach we' ve found in dealing with political resistance is, first of all, to realist'ically define the
' type of resistance you are encounterin'g. Do this before you'decide gipon your response.-Reasonable resistance should 'be

welcomed into'your perception as an opportunity to improve upon your operation. Neurotic and corrupt res'istance
deserves to be dealt with ruthlessly, regardless-of the starus or capability of individuals causing the problem.
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