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PREFACE

The impact of the current fisheries crisis on the fishing industry of coastal New England has inspired numerous
recommendations to aleviate the resulting economic stress. Among these recommendations are: 1) retraining of those
displaced from the industry, 2) greater exploitation of underutilized species, 3) a government-sponsored fishing vessel
buyback program, and 4) development of various forms of aquaculture. It has become apparent that there will be no one
solution for theindustry's dilemma. Accordingly, although it is not a panacea, aquaculture is one alternative that provides
limited employment and asource of high-quality protein.

The primary reasonsfor organizing these symposiawere the needsto educate and inform municipal officialsabout
aquaculture, to encourage development of the emerging aguacultural industry, and to provide a forum for discussion of
major constraints affecting theindustry. The National Marine Fisheries Service (NMFS) and the Southeastern [ M assachu-
setts] Regional Planning and Economic Development Council (SRPEDD) jointly organized threeregional symposia. Over
350 invitations went to state and federal government agencies and to coastal communities throughout southeastern Massa
chusetts. Because development of Massachusetts' aquacultural industry suffers from alack of startup capital, the South
Eastern Economic Development Corporation sent an additional 300 invitations to lending institutions throughout the com-
monwealth. Response to the more than 600 invitations was extraordinary. Over 300 peopl e attended the symposiaheld in
Chatham, Edgartown, and Dartmouth on February 15, 16, and 17, 1995, respectively.

This report summarizes the presentations at these symposia. Crucial to success was involvement of the Woods
Hole Oceanographic I nstitution's Sea Grant Program (WHOI/SGP), Martha's Vineyard Shellfish Group, Inc. (MV SG), Cape
Cod Economic Development Council (CCEDC), Resource Conservation and Devel opment Council, Center for Marine Sci-
ence and Technology of the University of Massachusetts-Dartmouth (UMD/CMST), Cape Cod Commission, Martha's
Vineyard Commission, and Policy Center for Marine Biosciences and Technology. The symposiawere sponsored by NMFS,
SRPEDD, WHOI/SGP, CCEDC, MV SG, and UMD/CMST. Special thanksgoto Dr. Jean Fraser, Mr. Richard Karney, Dr. Dale
Leavitt, and Mr. DanaMorse for their inval uable assistance in organizing these symposia.

Scott J. Soares

Southeastern Regional Planning
and Economic Development District
Taunton, Massachusetts 02780
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WELCOME AND OPENING REMARKS

Carlos A. Castro
Northeast Regional Operations Office
National Marine Fisheries Service
Gloucester, Massachusetts 01930

| welcome all participants to this symposium on “The
Potential for Development of Aquaculture in Massachu-
setts.” Thiseventistheresult of acooperativeeffort by many
agenciesand organizationsthat shareaninterest in develop-
ment of aquaculture. | gratefully acknowledge the sponsor-
ship of the partici pating agencies, and particularly recognize
theimportant financial contributionsof SRPEDD, CCEDC,
WHOI/SGP,andMV SG. Their contributionswerefundamen-
tal inorganizingthesesymposia. Wehaveset upthreesimilar
meetingsin order to reach all coastal communities of south-
eastern Massachusetts: today this one, tomorrow on
Martha s Vineyard, and Friday at the University of Massa-
chusetts-Dartmouth.

These symposiawere designed to inform, educate, and
address the managerial issues that concern not only local
decisionmakers, but the state and federal government, as
well. We hope that the information and discussions gener-
atedinthisforumwill helplocal municipalitiesandthestate
toshapetheir policiesonaguaculture. Wealso certainly hope
to create enough interest to stimulate the private sector to
make more capital investments. |In attendance today are
selectmen from most Cape Cod towns, official representa
tivesof conservation commissions, shellfishadvisory groups,
and state and federal governments, and individual members
of thecommunity.

While, throughout most of New England, state govern-
ment playsaprominent rolein theregulatory process, Mas-
sachusettshasgivenloca municipalitiesauthority over state
waters. Thisresultsinaheterogeneity of publiclaws. These
lawsgenerally requireapplicantsto establishlocal residency
before applying for an aquacultural permit.

IntheNortheast, the near collapse of groundfish stocks,
and the subsequent decline of traditional commercial fisher-
ies, make aquaculture an attractive alternative for many
dislocated fishermen. Cape Cod and the Islands seem to be
onthebrink of anaquacultural revolution. Inrecent months,
the federal government has directed grants to the fishing
industry tofacilitatedevel opment of innovativeaguacultural
methods. Many peoplemight be skeptical about aquaculture
becoming an economically viable activity for this region.
Nonethel ess, inthelast few months, local municipalitieshave
been overwhelmed by applicationsfor aquacultural permits.
Theaquacultural industry isassuminganentirely new dimen-
sion as new and alternate methods are introduced. At the
sametime, state government israpidly developing thelegis-
lative framework needed to meet the new challenges of the
emerging industry.

NM FSpromotesmarineaguacultureasoneof theobjec-
tives of the NMFS 1995 Action Plan and as one of the
objectivesof theNortheast Fisheries Assistance Program. It
isimportant tonote that NM FSdoesnot promoteaguaculture
as the solution to the groundfish fisheries crisis in the
Northeast, but rather as an alternative for coastal communi-
ties and fishermen interested in exploring a different eco-
nomic avenue that may help to relieve some pressure on
traditional groundfishfisheries. Lastyear, NMFSdistributed
over $2 million through the Fishing Industry Grant Program
tofundaguacultural projectsintheNortheast. Thisyear, $4.5
millionwill beavailablefor thesecond round of theprogram.
We anticipate that a significant portion will be directed
toward devel opment of marineaguacultureasanew business
opportunity.

Although it has one of the longest coastlines in the
world, the United States lags most other coastal nationsin
production of seafood through marine aguaculture. The
United States has a tremendous opportunity to develop a
high-quality, technologically advanced, aguaculture-based
seafood industry capable of satisfying our domestic market.
Recent studies show that American consumers strongly
prefer seafood that iscultivated under controlled conditions.
Itisessential for decisionmakerstolearnfrom other nations’
experiences in developing aquacultural industries. Chile,
Japan, Norway, and Thailand represent afew of thecountries
with extraordinary successesin recent years.

During 1993, theUnited Statesimported over $5.8billion
worth of seafood products, making seafood trade one of the
largest commoditiescontributingtothetradedeficit. Accord-
ing to the U.N. Food and Agriculture Organization (FAO
Inland Water Resourcesand Aquaculture Service 1992), the
United States contributes only about 2% of the total world
aquacultural production. In the Northeast, Massachusetts
lagsbehind Connecticut, Maine, and Pennsylvaniain aguac-
ultural production. AccordingtoBushand Anderson(1993),
Connecticut, with estimated sales of $62 million, has the
largest aquacultural production in the Northeast. Maineis
second largest in aguacultural production with $43 million.
M assachusetts modestly contributes only $8 million to the
regional economy through aquacultural production.

OnCapeCod, whereshellfishfarmingisthemaintypeof
aquaculture, most of theobstacl esbl ocking thedevel opment
of shellfish aguaculture arise from user-conflict issues and
exactingmanagerial regulations. Thereareno easy solutions
to these problems. However, we should remember that in
order to have our communities accept aquaculture for eco-
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nomic development, there must be a common interest in
havingit. All usersand practitioners need to feel involved.
Presently, several townsaredevel oping harbor management
plansthat include aquacultural zones. Loca municipalities
should coordinate their efforts with state officials, local
experts, and economic development officials to elaborate
comprehensive plans. | hope that this symposium helps
those involved in the regulatory process by providing tools
and ideasto deal better with these new challenges.

REFERENCES CITED
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AQUACULTURE: A WORLDWIDE GROWTH RESPONSE
TO DECLINING FISHERIES STOCKS

Michael A. Rice
Department of Fisheries, Animal and Veterinary Science
University of Rhode Island
Kingston, Rhode Island 02881

BACKGROUND

Worldwide, farming or husbandry of aguatic organisms,
known as aquaculture, has experienced tremendous growth
over the last decade. According to the most recently pub-
lished figures of the FAO, total world aquacultural produc-
tionin1992wasinexcessof (U.S.) $32.5hillion,amostdouble
the 1986 figure of $16.6 billion (FAO 1994). Growth of
aquaculture has been most explosive in Asiawhere aguati-
cally derived proteinisamajor portion of many peopl€’ sdiet.
Total value of Asian aguacultural productstripled between
1984.and 1992from$7 billiontoabout $21 billion. Significant
growthinaguacultureoccurredin South Americaand Europe
aswell (FAO1994).

Sadly, inthe United States, the rate of growth in aguac-
ulturehasbeenmuchlower. Between1986and 1992, thevalue
of aquacultural productsintheUnited Statesgrew from$471
millionto$630 million (FAO 1994), thisgaincoming mainly
from production of channel catfish (Ictalurus punctatus) in
Mississippi. This state produces about 80% of the national
catfish supply (USDA Economic Research Service 1994).

TheUnited Stateshas paid dearly for itslack of interest
in fostering aguacultural enterprises in the face of long-
predicted declinesinnatural fishery stocks. During 1983-93,
importsof fishery productsinto the United Statesgrew from
$3.6hillionto$5.8hillion (USDA EconomicResearch Service
1994), with about 40% of these total srepresenting importa-
tion of aguacultured shrimps or prawns. According to the
U.S. Department of Commerceand other sources, importation
of seafood products is the third leading contributor to the
trade deficit, next to petroleum andillegal drugs.

Asalarming as the figures are, they should be of most
urgent concern in southeastern New England where the
economy hasrelied heavily upon fisheriesand seafood since
colonial times. For example, thehistory of New Bedfordasa

whaling and fishing center is well known throughout the
country. Asfisheriescollapse, secondary industries, suchas
fish processing houses and fishing gear suppliersand manu-
facturersthat depend onthesupply of fisheriesproducts, will
falter unlessthere are suitable alternatives such as aquacul -
ture. As of 1992, total value of aguacultura productsin
southeastern New England (Massachusetts and Rhode Is-
land) was$8.2 million (Bushand Anderson 1993). Thisisan
astoundingly poor performance for a region with such a
proud maritime tradition. But, the existing aquacultural
industry cites several “hidden” factors that have hampered
development. Governmental attentionto changing or modi-
fyinginappropriateor excessiveregulations, andto promptly
resolving multiple-use conflicts, can go along way toward
fostering aquacultural entrepreneurship.

AQUACULTURAL SOURCES
OF LOCALLY CONSUMED SEAFOQOD

In many ways, it isinstructive to examine some of the
sourcesof seafood productsinour local supermarkets. Many
productsthat are plentiful, in reliable supply, and of reason-
able priceto the consumer are often of aguacultural origin.

Channel Catfish

The channel catfish aquacultural industry of the south-
ern United States is often touted as an economic success
story. As stated earlier, this industry makes up a major
fraction of theentireaguacultural productioninthiscountry.
Market development was key to success. Catfishisreadily
availableinsupermarketshereintheNortheast wherecatfish
was largely unknown up to afew years ago.



The industry originally came about as a secondary
meansof incomefor many farmerswhohad marginal agricul-
tural land. Catfisharegenerally produced by allowingbrooder
catfish to spawn in shallow open ponds, then collecting the
egg massesand incubating theminindoor hatcheries. Ponds
for catfish production generally runfrom2to 10 acres, anda
typical farmmay have20-100or moreacresof ponds. Typical
pond production of catfishis25,000-40,000 |b/acre.

Conditions for success in the catfish industry of the
southern states rests upon a very workable partnership
amongindustry, stateregul atory agencies, stateuniversities,
and federal agencies. Onceaquaculture became established
andtrack recordsknown, financial institutionswerewillingto
develop financing packages, and secondary industries, such
as feed manufacturing, flourished. Auburn University and
Mississippi State University have notable academic and
extension programs based upon catfish farming. Addition-
ally, the Southern Regional Aquaculture Center of the U.S.
Department of Agriculture(USDA) isvery activeinfunding
industry-requested research projects.

Atlantic Salmon

Atlantic salmon (Salmo salar), apopular fish very com-
monly found in the fish sections of supermarkets, is often
reasonably priced for consumers. Hereinthe United States,
Atlanticsalmonarefarmedincoastal, floating, fishpensinthe
states of Maine and Washington (Bettencourt and Anderson
1990).

Domestic production of salmon is dwarfed by produc-
tion in a number of other countries, including Norway,
Scotland, Canada, and Japan. As aresult of this massive
overseas production, much of the salmon sold in the United
Statesisfrom foreign sources (Peterson 1994). Inthelast 2
or 3yr, Atlantic salmon produced in the fiords of southern
Chilehavereached U.S. markets, andtheir production should
grow considerably dueto fairly low costs.

Tilapia

Orechromisspp. fishes, which areclosely related tothe
well-known Tilapiaspp., arecommonly aquacul tured fresh-
water fishes. (Orechromisspp. arehereafter referredtoasjust
“tilapia.”) They arebecomingapopulariteminmany seafood
marketsin this country. Fresh tilapiahave afirm flesh and
delicate “non-fishy” flavor that is agreeable to the average
North American palate.

Tilapiaaremouth-broodingfish, nativetoAfrica. Devel-
oping eggsand larvae areincubated by the female parent as
a natural defense against predation. Tilapia are grown in
many devel oping nationsbecausethey are extremely hardy,
easy to breed, and amenableto low-capital culture systems.
Being atropical species, they requireafairly warmenviron-
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ment. They becomeheavily stressed and dieif water tempera-
turesdip muchbelow 15°C(59°F).

In this country, tilapia are mostly cultured indoors in
recirculation systems. Thereare some pond-culturedtilapia
in the desert Southwest, particularly in Californiaand Ari-
zona.

Shrimp

Aquacultured shrimp (family Penaeidage) isavery com-
mon product in supermarkets and seafood stores. Prior to
about 1983, most shrimp on world markets were caught by
shrimp trawl fleets. Although there was a considerable
industry of shrimp aquaculturein many tropical Asiancoun-
tries, the industry was limited by availability of juvenile
shrimp. Thesejuvenileswere caught by small-scale fisher-
men. Development of commercia shrimp hatcheriesin the
early 1980sradically changed the face of the shrimp aquac-
ultural industry. Theindustry in many countries expanded
and intensified, with farms often producing 5-6 times more
shrimp per unit of pond area than was previously possible.
Worldwide, the shrimp aquacultural industry experienced
tremendous growth during the middle to late 1980s. Mgjor
shrimp-producing countriesinclude Ecuador, Taiwan, Thai-
land, Philippines, Indonesia, and Peopl €’ sRepublicof China.

Rapid and largely unregulated growth of the shrimp
aquacultural industry has created a host of environmental
and social problems(Pollnac and Weeks1992). Itisinstruc-
tive to review them. Key problems include destruction of
wetland habitats for pond construction, displacement of
fishermen dependent upon community-held resources, and
lack of sustainability. Productioninthe1990sisdecliningdue
to overstocking, stressed stock, and disease (Aiken 1990).
For aguacultureto be asustainabl e form of economic devel-
opment, aquaculturists need to be mindful of the socioeco-
nomic and environmental implications of their work. They
should not ssimply follow the pattern set by an overseas
shrimp aquacultural operation.

Bivalve Mollusks

Aquaculturing of filter-feeding bivalvemolluskssuchas
oysters, clams, and scallops is often an environmentally
sound practice(Newkirk 1992; Rice1992). SoutheasternNew
England has a long history of shellfishing and shellfish
culture. Indeed, the Rhode Island Oyster Act of 1844 was
essentially the state€'s first aquacultural law. It allowed
aquacultural leases in Narragansett Bay (Nixon 1993). On
Cape Cod, there is currently a small industry devoted to
culture of the northern quahog (Mercenaria mercenaria).
There are also some small-scale productions of eastern
oysters(Crassostreavirginica) and bay scallops(Argopecten
irradians) in southeastern Massachusetts and in Rhode
Island.
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Although there are a number of excellent examples of
successful bivalve culture operations around theworld, two
of note may providelessonsfor southeastern New England.
Firstistherecent development of amultimilliondollar eastern
oyster industry in nearby Connecticut. In the late 1980s,
Connecticut gavehigh priority toaguacultural devel opment.
One part of their effort streamlined the aguaculture-permit-
ting process. They created a new Division of Aquaculture
under their Department of Agriculture, and placed most
aquaculturepermittinginthisnew division. TheDivision of
Aquaculture, in one of its first acts, invested $1 million in
fossil oyster shells to provide setting materials for native
oysters. Theinvestment paid off. A small, oyster seedfishery
grew and beganto supply commercial leaseholders. Vaueof
Connecticut’s aquacultured oyster products by 1992 ex-
ceeded $60million (Bushand Anderson1993). TheConnecti-
cut oyster aguacultural industry is now the single largest
segment of the entire New England aquacultural industry.
Thisislargely duetoimplementation of appropriategovern-
mental structuresand strategic seed money (Volk 1994).

Another notable bivalve aquacultural success story is
therapid devel opment of abay scallop aquacultural industry
inChina. TheChinesein1982introduced 27 New Englandbay
scallopsasbrood stock for oneof their hatcheries(Y arishand
Huang1992). They now culturethescall opsincoastal waters
usingsimple“longling” systemsandlanternnets. Their state
and private hatcheries produce scallop seed and supply their
coastal farms. China, by 1992, reported its bay scallop
production exceeded 120,000 metric tons (265 million 1b),
much of which it exported to the United States as frozen
scallopmeats. We, in Southern New England, clearly havethe
potential to culture our own bay scallops.

CONCLUSIONS

Wecouldfollow many model sfromaroundtheworldfor
development of an economically and environmentally sus-
tainable aquacultural industry. Additionally, we can learn
much by studying the problemsthat other countries encoun-
ter in developing their industry. Our key to success in
aquacultureisaworkablepartnership between governmental
regulatory authorities, theeducational community, and mem-
bers of theindustry. Talent existsin each of these sectors,
but cooperation is the key to successful development.
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INTRODUCTION

Total 1992 farmgateval ueof aquacultural productsinthe
Northeast wasestimated at $146,409,000. (“ Northeast” refers
toMaine, New Hampshire, Vermont, New Y ork, Massachu-
setts, Connecticut, Rhode Idand, Delaware, New Jersey,
Pennsylvania, Maryland, and West Virginia.) Thisestimate
was based on farmgate prices quoted by those producers
interviewed. Based on the strength of its eastern oyster
industry, Connecticut had estimated 1992 farmgate sal es of
$61.7 million, making it the largest aquacultural producing
statein the region. The pen-reared salmonid industry pro-
pelledMaine’ s1992farmgatesal esto $42.9million, establish-
ing it as the second-largest aquacultural producing statein
theregion.

Figure 1 breaks down this total by major species cat-
egory. Eastern oyster production represented the single
largest segment of the regional aguacultura industry, ac-
counting for approximately 42% of thetotal farmgate value.
The net-pen culture of Atlantic salmon and sea-run (i.e.,
steelhead) rainbow trout (Oncorhynchus mykiss) was the
second largest segment, contributing roughly 29% to the
estimated regional value. Northern quahog production was
next, followed by freshwater trout production. Two general
groups, caled “other finfish” and “other,” represented a
combination of several smaller categories. The category
“other finfish” includestilapia, catfishes, ornamental fishes,
baitfishes, black basses (Micropterus spp.), sunfishes, crap-
pies (Pomoxis spp.), and yellow perch (Perca flavescens).
The category “other” includes small amounts of other

Other
Finfish*
5%

Salmon/
Steelhead
29%

.....

Hybrid
Striped
Bass
2%

Other**
2%

Northern

*QOther Finfish = Tilapia, Catfish, Ornamental, Baitfish, Black Bass, Sunfish, Crappie, Perch
**Qther = Other Shellfish, Aquatic Plants, Crayfish

Oyster
42%

Quahog
11%

Figurel.  Percentcompositionof aguacultural productioninthenortheastern United Statesduring 1992. Total farmgaterevenuewasan
estimated $146,409,000. (Refer totext for discussion of speciesconstitutingthevariouscategories.)
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shellfishes, aguatic plants, and crayfishes. Farmgatesal esof
“hybrid striped bass’ represented approximately 2% of the
regional value. [See*“Managing Editor’ sNote” at end of this
section.]

SUMMARY OF MAJOR FINDINGS

Based on survey results, the following are preliminary
estimates of private aquacultural production and value, fu-
ture opportunities and current problemsfacing the aquacul -
tural industry, and priority research directions based on the
aquacultural industry’s needs in the Northeast.

Eastern Oyster

Theeasternoyster industry, withestimated 1992 farmgate
salesof $63.4 million, representsthe largest segment of the
regional aguacultural industry. Approximately 88% of re-
gionally cultured oyster production is harvested from Con-
necticut waters. Although many oyster producers indicate
thatitisvery difficulttoestimatefutureproductionlevel sdue
to uncertainties associated with disease, weather, growth
rates, and predation, producersdid expect, on average, to see
some growth in regional harvests over the next 5yr. Based
on an average of survey responses, producers also expect
demand for oystersto slightly outpace the increase in pro-
duction, leading to slight increasesin real farmgate prices.
Oyster growers cite the current regulatory environment,
disease, and the unavailability of financial capital asthetop
three constraints to industry growth.

Pen-Reared Atlantic Salmon and Sea-
Run Rainbow Trout

The Maine-based, pen-reared salmonid industry ex-
pectedlimited growthfor the 1993 season. However, produc-
ersdo expect to seesubstantial productionincreasesover the
next5yr. Salmon growersexpect to seeincreasesin demand
for salmon products; however, most producers feel that
growth in demand will not keep pace with production in-
creases, leading to stable or dlightly declining farmgate
prices. Financia capital unavailability, predation, and the
current regulatory environment were cited as the most con-
straining factors on growth of the salmon industry.

Northern Quahog

Regiona northern quahog production generated an
estimated farmgate value of $15.6 million in 1992. This

segment of the industry is centered in Connecticut, Massa-
chusetts, New Jersey, and New York. Survey responses
indicated that producers expect to see a steady growth in
production over the next 5 yr. As with oyster producers,
guahog growers expressed difficulty in accurately forecast-
ing their productionlevelsfrom year to year dueto environ-
mental factorswhicharebeyondtheir control. Producersalso
expect to seemoderateincreasesin demand andfairly stable
farmgate prices. Thetop three constraints to growth of the
guahog industry, as indicated by growers, are predation,
unavailability of financial capital, andthe current regul atory
environment.

Freshwater Trout

The 1992 regional production of freshwater trout was
valued at approximately $12.9 million. Although Pennsylve-
niaaccountsfor 72% of the volume, making it the dominant
producing state, each of the 12 regional states had some
commercial trout production. Fifty-seven percent of produc-
tionissold for either private stocking or feefishing. A few
large producers dominate the food-fish sector. Although
growers, on average, expect production to increase slightly
overthenext 5yr, most major producersfed that |ack of water
resources suitablefor large-scaletrout production will limit
growth. Much of theincrease in production will depend on
achieving greater stocking densities through use of im-
proved technology for aerationandrecirculation. Producers
expect demand, especially intheareaof private stocking, to
remain strong, thereby providing aboost to farmgate prices.
Trout producers cite predation, the current regulatory envi-
ronment, and unavailability of financia capital asthe most
constraining factors to trout industry growth.

Hybrid Striped Bass

The1992regional productionof hybrid striped basswas
valued at $2.3 million. Maryland and Massachusettsrepre-
sent the principal producing states; however, active produc-
ers also were identified in Pennsylvania, Delaware, West
Virginia, and New Jersey. Water recirculating systemswere
used for about 40% of the 1992 productionvolume. Their use
wasexpected toincrease, affecting roughly 56% of the 1993
volume. Based on producer responses, comparedto 1992, the
1993 production of hybrid striped bass was expected to
increase by 144% to 2.3 million Ib. Producers, on average,
expect growthindemandtolag behind productionincreases,
resulting in stable or dlightly declining farmgate prices.
Growerscited unavailability of financial capital, theregula-
tory environment, and marketing as the most constraining
factors to the hybrid striped bass industry.



Tilapia

Tilapiaproduction in the Northeast remainsfairly low,
with an estimated farmgate value of $563,000. However,
significant growth is projected by several growers in both
Maryland and Massachusettsover thenext 2 yr. Recirculat-
ing systems were used by 100% of the regiona tilapia
producersidentified. Producersal soexpectto seesignificant
growthin demand for tilapia, |eading to some strengthening
infarmgateprices. Primary constraintstothetilapiaindustry,
according to producers, include unavailability of financial
capital, lack of information on genetic stocks, and the regu-
latory environment.

Other Finfish

The category of “other finfish” includes ornamental
fishes, baitfishes, black basses, sunfishes, and catfishes.
Regional production from thisgroup wasval ued at approxi-
mately $6.8million.

Ornamental fish production isdominated by two major
producers, both using open-pond culture techniques. Orna-
mental fish producers expect production to be fairly stable
over thenext 5yr, with demand and farmgate pricesstableor
dightly increasing. Growersindicated that the current regu-
latory environment and bird depredation were the most
constraining factorsto growth of the ornamental fishindus-
try.

Relatively small amounts of catfishes are produced for
private stocking and fee fishing markets throughout the
region. Theonly significant regional catfish production for
the human consumption market takes place in Maryland.
Producers expect to see fairly substantial increases in both
production and demand resulting in stable farmgate prices.
Although producer rankings of industry constraints were
fairly mixed, predation, financial capital, and theregulatory
environment received the highest average scores.

Withafew exceptions, thebaitfishindustry ischaracter-
ized by alarge number of small, extensive operations. One
operator indicated that he was experimenting with closed
systems. Regional production of baitfishesisexpectedtosee
only limited growth due to the large volume of relatively
inexpensive product which is imported from the southern
United States.
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Culturistswho arealso activein the baitfish and catfish
sectors produce much of the black basses, sunfishes, crap-
pies, and yellow perch. Magjor industry constraints, as
indicated by this group of producers, are predation, lack of
financial capital, and the current regulatory climate.

Other Aquacultural Products

Thefarmgate valuefor the aguatic plant and crustacean
category was estimated at $2.2 million.

Aquatic plant production consistsof ornamental plants,
porphyria, and other forms of algae. Production of aquatic
plantswasidentified in Maryland and Maine.

Crayfish productionfor thehuman consumption market
iscentered in Maryland, with additional production coming
fromDelaware. Thereareseveral growersin New York and
Pennsylvaniathat produce crayfish for the baitfish market.

MANAGING EDITOR SNOTE: The U.S Food and Drug
Administration (FDA), in order to assure the American
public of truth-in-labeling in inter state seafood commer ce,
requires specific labeling of all aquacultural products. The
FDA requested and received from the American Fisheries
Society (AFS) a list of common names for all hybridized
fishesused asseafood. That list (Robinset al. 1991, p. 108)
also distinguishes hybrids depending on which parental
speciesisthematernal partner. (Inmost cases, thematernal
partner isthe onewith thelarger eggs, sinceitiseasy for a
smaller spermto enter a larger egg than vice versa.)

In this instance, “ hybrid striped bass’ refers to a
hybridization of the striped bass (Morone saxatilus) and the
white bass (M. chrysops). Assuming that the maternal
partner isthelarger striped bass, thenthe AFS sname-- and
the FDA’ s approved labeling -- for this aquacultural prod-
uctis" palmettobass.” Throughout thisreport, itisassumed
that “ hybrid striped bass’ refersto “ palmetto bass.”
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SHELLFISH AQUACULTURE ON MARTHA'S VINEYARD

Richard C. Karney
Martha’s Vineyard Shellfish Group, Inc.
Oak Bluffs, Massachusetts 02557

INTRODUCTION

First, | shouldliketothank Carlosand Scott for schedul -
ing this meeting. The timing is perfect to kick off our
“Martha sVineyard Private Aquaculturel nitiative,” anaguac-
ultural training program funded under the NMFS Fishing
Industry Grants Program. The 11 fishermen selected to
participate in the training program are in the audience this
morning.

| have been in the aquacultural business for over 20 yr
and | feel comfortableusingtheterm*explosive’ todescribe
development in the industry over the past couple of years.
Increased consumption of seafood in light of its dietary
health benefits, combinedwithadeclineinnatural stocks, has
resultedinpriceincreasesattractivetoaguacultural devel op-
ment. Of theseafood readily availableinlocal fishmarketsand
supermarkets, much isnow farmed. Thisincludes Atlantic
salmon, channel catfish, trout, prawns, and shrimp. The
bivalve mollusks [northern quahogs, eastern oysters, bay
scallops, and bluemussel s (Mytilusedulis)] increasingly are
advertised as“ cultured.” If anything that growsin water is
not yet in commercial culture, it at least isbeing considered
for aguaculture, and methods are being developed for its
culture. Thelist runsthe gamut from abal one, alligator, and
baitfishes, through crayfishes, geoducks, lobsters, mahi
mahi, pearl oysters, and ornamental seahorses, to seaweeds,
sponges, scallops, and sturgeons.

INTERNATIONAL CONTEXT

Currently, aquaculture is labor intensive, which has
favoreditsdevelopmentinthethirdworld. TheChinesehave
been especialy successful adapting scallop culture tech-
niques developed by the Japanese. These techniques in-
clude spat collectors, pearl nets, and lantern nets, and have
been used to culture scallop species imported from the
easterncoast of theUnited States. Startingwith 26 broodstock
bay scallop, the Chinesenow control themajor portion of the
world’s production of “our” bay scallop! Right here in
Edgartown, Massachusetts, a recognized center of the bay
scallopfishery, thelocal A& Psupermarket features” Chinese
bay scallops’ for $3.99/Ibretail. Thefishermenherereceive
$7-8/Ibfor shucked meatsof the same speci esof scallop, and
suffer fromthecompetition of thecheapforeignimport. | have
heard that a“good buck” can be made buying the Chinese
product at $3.99 and mixingit withthelocal catch! But, | am
sure that has been just wishful thinking. Clearly, thelocal
productisfresher and superior, but thefact remainsthat there

isloca consumption of the cheaper cultured Chinese prod-
uct.

In Chile, the same Japanese lantern net technology has
been employed in a highly successful private venture. In
operation lessthan adecade, this venture employs over 600
people, annually produces over 100 tons of scallop product,
and has just been listed on the British stock exchange.
Clearly, the third world is beating us at this part of the
aquacultural game.

LOCAL OPERATIONS

However, within our region, especially on Cape Cod,
some significant private aquaculture has developed. Karl
Rask, who has championed the devel opment of the private
aquacultural industry onthe cape, informsmethat presently
there are 111 operations, mostly 2- and 3-acre farms (the
largest is 33 acres), producing afarmgate value of about $4
million. Northernquahogsarethenumber-oneproduct, with
eastern oysters a close second. Thereisalittle production
of softshells(Myaarenaria), bluemussels, and bay scall ops.
Vineyard waters are still essentially devoted to the wild
fishery. However, we have been |eadersin the devel opment
and application of aquacultural technology to the public
management of our wild fisheries. For the past 18 yr, the
Martha sVineyard Shellfish Group, incooperationwithlocal
town shellfish departments, has publicly cultured economi-
cally important, local species including northern quahogs,
bay scallops, and eastern oysters.

Our public stock enhancement program includes the
operation of a solar-assisted shellfish hatchery. The hatch-
ery produced over 15 million seed shellfishlast year. Hatch-
ery production includes axenic culture of microscopic phy-
toplankton needed to feed devel oping shellfish. Small phy-
toplankton culturesareworked up into larger 18-1 and 250-1
cultures in the greenhouse at the hatchery. Once adequate
algal food stocks are produced, broodstock shellfish are
brought into the hatchery and spawned. When ripe, the
guahogs, scallops, and oysters are treated to repeated ther-
mal stimuli in the laboratory, mimicking changes in water
temperaturethat elicit spawningin the natural environment.
The great fecundity of shellfish (we average over amillion
eggsper femal €) makesthesespeciesexcellent candidatesfor
aquaculture. Withadequatecareand protection, theculturist
can easily produce millionsof shellfish. Inthebig picture of
providing protein for a growing global human population,
bivalvesalso score highly. Bivalvesare herbivores, low on
the food chain, and efficient producers of protein.



Fertilized eggs are counted, then cultured in filtered,
heated seawater for theduration of the2-3wk swimminglarval
cycle. Duringthisperiod, larvaearefed cultured phytoplank-
tondaily. Every other day, culturetanksaredrained, cleaned,
andrefilledwithheated, filtered seawater. Shellfishlarvaeare
sieved, culled, and suspended in thetanks. Attheend of the
larval cycle, shellfishabsorbtheir swimming organs, develop
afoot, andbecomeaminiatureversionof theadult. Afterthis
metamorphosis, they are called juveniles. Juveniles are
moved to flowing water systems. Our hatchery islocated on
arichestuary withdensenatural phytoplanktonblooms. The
plankton-rich water is pumped over the filter-feeding shell-
fish, sothereislittle need for additional feeding with costly
cultured phytoplankton.

In the hatchery, quahog juveniles are grown on
downweller sieves, and, eventually, in upweller silos. We
have succeeded in moving seed assmall as 1 mmto floating
sandbox nursery trays that are suspended in the natural
environment. Asmost predation on small quahogsisfrom
nonswimming crabs, the survival rateishighin thefloating
nursery trays. The trays are largely inaccessible to the
crawling crabs. From June, field culture continues until
October when the quahog seed is¥2-%inch in length. The
seed then are broadcast in the natural public shellfish beds.

Very young juvenile scallops are similarly grown on
downweller sievesin the hatchery. Larger scallop seed is
grownto between2and 5mminracewaysbeforebeingmoved
tofloating field nursery cages. After about 2 mounder ideal
conditions of temperature and low density, seed scallops
attain asize of about %2inch, and are broadcast into histori-
cally productive areas of the saltwater ponds.

Oyster larvae cement themselves to a substrate during
metamorphosis. They arecultured usingamethod known as
“remotesetting.” Large hatcheriesinthe Pacific Northwest
developed this method. At the end of the swimming stage,
oyster larvaedevelop adistinctive eyespot.” These“ eyed’
larvae are screened from culture vessels, wrapped in damp
paper towels, and refrigerated overnight. They are then
released over bagsof oyster shell intanksof aerated seawater
at asitenear thegrowout pond. Within acouple of days, the
oyster larvaecement themsel vestotheshell, andtheshellbags
are hung from a raft in the saltwater pond. After about a
month, the shellbags are emptied and the shell with attached
oyster seed is planted on the pond bottom.

Breeding of genetic shell tagsinto hatchery stock helps
totrack survival and determinesuccessof thestock enhance-
ment program. After about adozenyearsof serioushatchery
production and seeding, some town shellfish constables
report that 10-20% of the quahog harvest hasbrown“ notata”
shell markings. About 80% of our hatchery quahog produc-
tionistagged with the“ notata’ markings. Thisgenetictrait
was rare in the local population and harvest before the
seeding program. Likewise, shell color variation canbeused
to mark bay scallops genetically. The Martha's Vineyard
Shellfish Group pioneered the use of shell coloration to tag
thebay scallop. In1979, weproducedan*F,” generationwith
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95% displayingdistinctiveorangeshells. Butwhenwefound
that the brightly colored, orange shellsincreased bird preda-
tion, we changed our tag to astriped pattern. Although still
distinctive, the striped pattern may provide the shells some
camouflage, thus protecting them from predators.

Predator control isamajor factor inour ability tosucceed.
Local shellfish constables have established trapping pro-
grams for crabs and starfish. The Town of Edgartown
initiated a bounty system and paid fishermen for predators
they removed. No matter how successful our public aquac-
ultural program has been, our limitationsin manpower and
fundsprevent usfromrealizing themaximumyield possible
fromtheisland’ swaters. Private aguacultura ventures, on
the other hand, can do better. Indeed, private culture in
Wellfleet, Massachusetts, using only 3% of thetotal bottom
dedicated to shellfish aguaculture, out-produced the wild
harvest fromtheremaining 97%.

Itisthepolicy of the* Martha sVineyard Private Aquac-
ulture Initiative” to encourage private aquaculture on the
Vineyard. Encouragement consists of a program of educa-
tion, training, and cooperative extension-like individual as-
sistance. TheVineyard' slonghistory asapublicfishery will
be a constraint to private development. By contrast, it is
i nteresting to notethat much of thedevel opment on CapeCod
isin Wellfleet areas with a long history of private oyster
leases. OntheVineyard, interest in aguaculture has height-
ened within thelast year, asevidenced by anincreaseinthe
number of applicationsfor shellfish cultureleases. Much of
theinterestisfromthefishing community whichnot thatlong
ago considered aguaculture a threat to the public fishing
areas and to marketplace competition. With their natural
stocks declining and fishing areas closing, these same fish-
ermen now see aguaculture as their next source of income.
Another constraint to the Vineyard's private aquacultural
venturesisour high standard of living, accompanied by high
labor cost and outrageously expensive waterfront property.
Furthermore, our predominantly tourist economy also com-
petes for use of our waters. Its concerns for aesthetics and
for providing recreation pose additional obstacles to local
development of aquaculture. On the positive side, the
island’ s popularity and bustling local restaurants can make
any local aguacultural product amarketer’ sdream.

Nantucket | sland facessimilar constraintsand opportu-
nitiesindevel opingaquaculture. Weareencouraged by their
innovative, “ private-public,” cooperative program. Fisher-
men areemployedinaprivateventurein publicwaters. The
town providesthem with seed and public bottom onwhichto
culture seed. In return, they give the town half of their
production. The town uses its half to seed public bedsin
order toenhanceitsstock. TheNantucket program may very
well serveasamodel fortheVineyard. Public stock enhance-
ment effortsherelack themanpower to maximizethesizeand
survival of publicly cultured seed. At the sametime, many
eager local aquaculturists cannot produce due to a lack of
available aquacultural areas. Public-private cooperation
could benefit al concerned.
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STATUS OF SHELLFISH AQUACULTURE
IN SOUTHEASTERN MASSACHUSETTS

Richard A. Kraus
Aquacultual Research Corporation
Dennis, Massachusetts 02638

Although eastern oysters, to a degree, are cultured in
southeastern Massachusetts, the overwhelming energy de-
voted to marineaguaculturein Massachusettsand el sewhere
on the East Coast isto the culture of northern quahogs, also
calledlittlenecksor hard clams.

BACKGROUND

Two quotesfrom the eminent treatise on the Massachu-
settsquahog industry, writtenin 1910 by Dr. David Belding,
abiologist with the Massachusetts Department of Fisheries
and Game, lend some perspective to the present discussion:

To the popular demand for the LittleNeck, can be
attributed the rapid devel opment of the quahog indus-
try during the last ten years. This development has
furnished employment for hundreds of men, and has
given the quahog an important value as a seafood.
What it will lead to is easily seen. The maximum
production was passed a few years ago, constant over-
fishing caused by excessive demand is destroying the
natural supply, and there will, in a few years, be
practically nocommercial fishery, unlessmeasuresare
undertaken to increase the natural supply. Quahog
farming offersthe best solution at the present time, and
gives the promise of permanent success.

In the warm waters of coastal Sates in the south,
where the quahog develops more rapidly, there are
large areas which as yet have not suffered from the
effects of overfishing, as has been the case with the
northern bedsin New England and New York, but it will
be only a short time before the history of ruthless
spoilation will be repeated, as already quahogs from
the south are being shipped to the New England mar-
kets.

Although total destruction of the northern quahog
industry was given respite by a couple of world wars, a
depression, and the eventual implementation of more strin-
gent management regulations, Dr. Belding showed remark-
able foresight. However, his anticipation and expectation
regarding quahogfarmingwerefar inadvanceof thetechnol -
ogy required to produce the quahog seed needed to farm
guahogs.

The basic technology underlying controlled culture of
marine shellfish wasfinally worked out at NMFS sMilford
(Connecticut) Laboratory during the mid-1950s. From this
work at Milford, the Aquacultural Research Corporation
(ARC) and other companiesal ongtheEast Coast wereformed

in an attempt to put this technology to commercial use.
Although many companies succeeded in culturing the qua-
hog, ARC wasthefirst to achievereal commercial success.
During the late 1970s and early 1980s, ARC achieved the
levels of reliability and quantity needed for widespread
guahog aguaculture.

PRESENT STATUS OF THE INDUSTRY

Sinceitscommercial beginningsduringtheearly 1980s,
farming of quahogs on Cape Cod and in southeastern Mas-
sachusetts has developed from experimental plants into
businessesthat now formmost or al of theincomesfor more
than80individualsandfamilies. Inthespaceof 8yr, harvests
of cultured littlenecks have increased from less then one
millionin1986to morethananestimated 14 millionfor 1994.
The present quahog aguacultural industry is centered in
WEellfleet whereit began. Lesser segmentsof industry arein
theTownsof Provincetown, Orleans, Y armouth, Barnstable,
Mashpee, Bourne, and Wareham. Other venturesstill inthe
startup phase are beginning or planned for Martha' s Vine-
yard, Brewster, Harwich, Westport, and possibly Chatham.
In general, most of the industry continues to take place on
intertidal flatson the north side of thecape, butincreasingly,
work isbeing doneto utilize shallow-water siteson thesouth
side of the cape.

Although increasingly successful, local quahog aquac-
ultureisnot amatureindustry. Inmany respects, itisstill a
startup venture undergoing growing pains. Onemajor prob-
lem isthe inadequacy of the planted stocks that survive the
vagaries of nature. At any particular site, it is often not
enough to survive afew yearsin order to make a success of
a quahog aquacultural venture. Many natural cycles of
particularly severe weather occur infrequently and may not
yet have been experienced, and therefore may not have been
adequately guarded against. Natural biological cycles can
result in sets of plants or animals that have the potential to
smother andkill small quahogsrapidly. Examplesaremassive
sets of potentially smothering macroalgae, such as codium,
or largesetsof animal s, suchasmussel s, setting on protective
netting. Many more subtle problemsmay not be recognized
by a grower until the crop has been damaged. One of the
hardest lessons for most aguaculturists to appreciate is that
they must not lose asignificant portion of acrop. Owingto
the lengthy startup time needed to develop a harvestable
crop, andthelargeinitial investment in seed, gear, andlabor,
significant lossesof stock can oftenbefinancially fatal tothe
typically undercapitalized aquaculturist.



When dealing with town regulating authorities, there
may be conflicts with local shellfishermen, recreational
groups, or environmental groups. Even though theindustry
isnearly 10-yr old and hasprovento betotally beneficial and
positive, we shellfish leaseholders, in general, and not just
ARC, often encounter friction with other users of nearshore
areas. | would like to addressthese problems, in particul ar,
asthey arethemanagement issuesthat will most affect future
growth of the industry in Massachusetts.

Theindustry involvesthe use of public“leaseareas,” a
practice new to most towns, excepting Wellfleet which hasa
tradition of shellfish leases dating back hundreds of years.
Often, local authorities are at aloss as to how to deal with
applications for shellfish culture lease areas. They harbor
many misconceptionsin thisregard. A general misconcep-
tion is that leaseholders and/or towns need to be protected
from large outside entities that somehow may take over the
business from locals. This will never happen. Given the
nature of the business, especially the fact that |eased areas
areoftenremoteandtotally unsecured, local control of eases
by persons knowledgeable with that particular area will
alwaysbe necessary. Thereisno evidencethat |eased areas
will be overtaken by large corporations, either here or else-
where. Onthecontrary, help from outside sources often can
enable a new leaseholder to succeed by the use of joint
efforts. Leasing of suitable seabottom should be viewed as
ahighly desirable business development project within the
towns.

Another misconception is that the success of shellfish
aquaculturewill bedetrimental tothewildshellfishery. This
has not proven true. If anything, local success of shellfish
aquaculturehasresultedinbetter pricesfor thewild shellfish-
ery product. It has opened new markets, thereby increasing
demand for both the cultured and the wild product. In any
event, culture of littlenecksis not just alocal phenomenon.
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Culture practiceslike those employed in Massachusetts are
now widespread alongtheentireEast Coast. Giventhenature
of theshellfishbusiness, local wild shellfishermenarenowin
head-to-head competition with aguacultural products from
New Jersey, Virginia, Northand South Carolina, and Florida,
whether they know it or not. Thiscompetitionfor marketswill
only increase in the future. The only way to retain some
control over thelocal market priceistoincreaselocal produc-
tion.

There has been speculation that, somehow, shellfish
aquaculturemight degradetheenvironment, either by physi-
cally harming the sea bottom or somehow harming the bio-
logical diversity of local ecosystems. | have as much expe-
rience asanyonein observing thelong-term effects of shell-
fish aguaculture. For many of the same reasons as anyone
else who cares about our environment and ecosystems, and
becausethenatural environment givesmemy livelihood, | am
more objective about it than one might suppose. If we
culturistsshouldharmtheoverall balanceof natural systems,
we would tend to put ourselves out of business, for we
depend upon thesesystemsto nurtureand grow our shellfish.

Shellfish aguaculture strictly benefits the marine envi-
ronment. Over time, one seesthat cultureactivitiesactually
functioninsimilar waystothoseartificial oceanicreefs. The
nets and cages actually promote all manner of life in and
around them by providingtemporary sheltersfor all kindsof
juvenilemarineplantsandanimals. All of our marinewaters
once held much higher levels of shellfish before man began
to harvest them. Shellfisharefilter feedersand removeboth
plankton and particulate matter from the water column. In
doing so, they remove nutrients such as nitrogen and phos-
phorousfromthemarine system. No doubt, thisbenefitsthe
modern marine environment which must deal with elevated
loadings of nutrients asaresult of man’s activities upon the
land and waters.

POTENTIAL FOR BLUE MUSSEL AQUACULTURE
IN MASSACHUSETTS

Link Murray
Blue Gold Mussdls, Inc.
New Bedford, Massachusetts 02740

Within 50 yr, New Bedford will be the center of ablue
mussel industry with annual revenues in excess of $200
million. Regardlessof favorableor unfavorablegovernment
policies, thefundamental strengthsof thisregion for mussel
farming will combine with employment needed to create a
vibrant mussel industry. New Bedford has a strong infra-
structurefor theprocessing, transportation, and marketing of
seafood. The waters between Long Island and Boston can
support many farms.

Mussel aquacultureisabillion-dollarindustry in Europe,
and also thrives in Asia. Our industry will resemble the

European mussel industry, except that our mussel farming
effortswill be more highly mechanized, and theindustry in
Americawill be oriented more towards processed mussel
products. To present aview of our future, wetake alook at
the European industry.

VigoinGadlicia, Spain,isalargefishingandindustrial port
like New Bedford and Gloucester. The mussel industry of
Vigoand neighboringcitiesannual ly generatesperhaps$400
million. Fromthehillssurroundingtheharbor, it appearsthat
thebaysarefilledwithmoored ships. Theseareinfact mussel-
growing rafts. Theentire Galician mussel industry is based
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on the very simple method of growing mussels on ropes
suspended inthewater. Machinery used ontheraftsisvery
simple, asaresomeof theharvest ships. Thesefarmssupport
many gigantic factories, each larger than any New Bedford
plant, and each with hundreds of employees. Vigo prides
itself on being “theworld capital of mussel farming.”

Farther north, inadelightful exampleof European enthu-
siasm, thereisanother “worldcapital of mussel farming,” this
one being Charron in northern France. Visitorsto Mont St.
Michel will remember the extensive sand flats covered with
eachtide. Thisregionof Francesupportsanother prosperous
mussel industry. Thisindustry isbased on the technique of
growing musselson pilingsplacedintheflats. Whilethetide
isout, trucksor tractorswork thefarms. Whenthetideisin,
boats harvest and work the beds. We in New England can
appreciate this method by observing how mussels grow on
our dock pilings.

Not to be outdone, the Dutch city of Y ersekeisanother
“capital of mussel farming.” Thisindustry isaslargeasthat
in Spain, andisbased on thetechnique of “ bottom farming.”
Small mussels are transplanted to privately leased aress.
They arecultivated sothat themeatsarefull and tender. The
areayieldsabundant crops. Thereisanactiveauctionfor the
harvest of each farming vessel. Of the 10 or so large mussel
factories, interestingly, only oneor twoarestill locally owned.
Multinational corporations have purchased the rest. The
harvest vessels are highly automated, as are the factories.

The North American industry is growing rapidly. The
Canadian industry is strongly encouraged by government
assistanceand by theinnovativework of many farmersinthe
Atlantic provinces. Focus hasbeen on producing auniform
gradeof freshmusselswhichsell atfairly highprices, reflect-

ing highlabor inputsat thefarmlevel. Focusof the Southern
New Englandindustry will be on producing higher tonnages
cheaply fromthefarm, and utilizing factory labor to produce
ready-to-eat products.

Mussel farming is simpler than most other types of
aquaculture, which explainswhy musselsare so abundantly
grown throughout theworld. Musselsare pre-adapted to be
successful in crowded conditions. Other species must be
artificially fed and carefully managed to permit growth in
dense concentrations. Mussels, however, grow naturally
and rapidly in dense concentrations. In fact, that is their
strategy for surviving predation and other challengesof their
natural environment. Farming mussels has been likened,
hypothetically, to farming of dandelions or crabgrass.

Theseafoodindustry isfollowingthepathal ready taken
by poultry. If onewent to dinner several hundred years ago
at a manor, one might be offered a wide range of birds:
blackbirdsin pies, partridges, sparrows, hens, ducks, geese,
etc. Thesebirdswereall readily available. Ashumandemand
for birdsincreased, their availability becamelimitedtothefew
speciesthat were farmed. Similarly, people now eat many
different varieties of fish, reflecting the diversity of species
available. Inthefuture, peoplewill eat thefew major species
that areeasily farmed, such as shrimp, salmon, and mussels.
Thispatternisalready becoming evident. Regionslike New
Bedford that are blessed with productive waters, capable
people, and the requisiteinfrastructure will eventually pro-
duce seafood tonnages dwarfing the catches we are now
tryingtorecover. Inthefuture, whenitfinally realizesitspeak
processing capacity, New Bedfordwill becomeamajorindus-
trial center of mussel aquaculture.

POTENTIAL FOR FINFISH CULTURE
IN MASSACHUSETTS

Joshua N. Goldman
AquaFuture, Inc.
Turners Falls, Massachusetts 01376

Thefollowingdiscussionisanattempt to provideabrief
review of the status of the worldwide aguacultural industry,
toreview constraintstoindustry growth, andtodescribehow
new controlled-environment aquacultural technology can
assist in managing those constraints. Finally, aperspective
on the potential for future growth of the Massachusetts
aquacultural industry is presented.

AQUACULTURAL INDUSTRY CONTEXT

Thedeclineof many traditional fisherieshasbeenwidely
documented and has resulted in great hardship for many

communities in Massachusetts and throughout the region.
Worldwidecatch hasfallen consecutively for 4 yr, and many
expertsnow believethat themaximum sustainableyieldwas
reached adecadeago. Thesilver liningwhich surroundsthis
dark cloud is the opportunity to hasten development of
aquaculture. Aquacultureshouldbeviewed asacomplemen-
tary partner to traditional capturefisheriesaspart of along-
term strategy to meet growing consumer demand through
sustai nabl e fisheries management.

It is surprising to many of usin the United States that
virtually all growthinworldwidefishery productionover the
past decade has occurred as the result of aguaculture. A
recent World Bank report indicates that global aquacultural



productionnearly doubledinthe9yr between 1984 and 1993.
Duringthisperiod, fishfarmingincreased from 12 to 22% of
the value of the global fish harvest. Worldwide annual
aquecultural farmgate valueisnow estimated to exceed $30
billion. TheWorld Bank report concludesthat thisdramatic
growth “signalsthe potential for aquacultureto capture half
the value of the global fish harvest by 2010.”

However, many agquacultural industry observers have

speculated about the attainability of this growth and the
potential for significant environmental damage. Addition-
ally, given the U.S. protective environmental tradition, itis
unclear to what extent the United Stateswill be successful in
increasingitssharebeyondthecurrent 4%. Further devel op-
ment of the aquacultural industry is constrained by three
principal factors: 1) environmental restrictionsonuseof land
and water resources,
2) chronic production risks such as pollution, uncontrolled
transmission of disease, a gal blooms, and stormdamage; and
3) market limitationsrelated to high production costs, inter-
mittent availability, variable quality, and lack of product
diversity.

Devel opment and recent commerciali zation of controlled-
environment production systems are a landmark for the
aquacultural industry. These systems have the potential to
address successfully the environmental, social, and eco-
nomic constraints to further development of the industry
within New England. In addition, controlled-environment
production has been shown to have a positive impact on
growth rate, feed conversion, and mortality compared to
traditional methods of production.

AQUAFUTURE, INC.

AquaFuture is an internationally recognized leader in
development and commercialization of intensiverecircula
tion systems. The company’ s devel opment of recirculation
technology began in 1982 at Hampshire College (Amherst,
Massachusetts) with research on enhanced nitrification.
AquaFuturewasincorporatedin 1987 and began by building
apilot plant for small-scalecommercial production of tilapia
and hybrid striped bass, integrated with hydroponic herbs
and specialty greens. The company has been active in
building on its core technol ogy with research on fish genet-
ics, nutrition, fish health, and production managementinfor-
mation systems.

AquaFuture's patented water treatment technology
brings a high degree of control to the fish farming process,
dramatically reducing water consumption and feed require-
mentswhile significantly increasing growth rates. 1n 1992,
AquaFuture completed a major expansion of its facilities.
Thesefacilities, inasingle 1-acrebuilding, today produce 1
million b (450 metric tons) of fish per year. Thecompany’s
management believesthat thisplant is unequaled anywhere
in the aguacultural industry.

Faster growth, ability to thrive under intensive culture,
efficientfood conversion, and highfillet yield areamong the
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desirable characteristics of a culturable species. Hybrid
striped bassarerel atively easy to produce asjuvenilesunder
extensive(pond) conditions, afactor whichhasfacilitatedthe
development of thefarmed hybrid striped bassindustry. The
hybrid striped bassis produced by crossing the striped bass
withitsfreshwater cousin, thewhitebass. Thehybrid grows
faster than either parent species, and thrives better under
intensive culture.

AquaFuture has recently embarked on anew project to
begin demonstration-scale commercial production of sum-
mer flounder (Paralichthys dentatus). The company is
currently completing the permitting for the first vertically
integrated facility inthe United Statesdedi cated to commer-
cial production of thisspecies. Thefacility will incorporate
hatchery, growout, and processing functions. Summer floun-
der are ahigh-value marinefish for which recently imposed
fishing quotas have severely limited supply and increased
prices. Sales of summer flounder from the Quonset Point
aquacultural project will beprincipally exported to Japanfor
sushi.

AquaFuture’ sproject hasreceived a$654,000grant from
NMFSto providepartia fundingfor theproject. Theproject
is designed with three principal objectives: 1) establish an
entirely new industry intheregion with significant potential
for growth, export sales, and job creation (i.e., targeting 200
new jobsin5yr); 2) retrain displaced commercial fishermen
in a sustainable method of fisheries production; and 3)
develop a standardized regulatory roadmap for siting and
permitting, easing future entry of fishermen and othersinto
aquaculture.

OUTLOOK FOR MASSACHUSETTS

Because of therelatively high production cost of most
aquacultural products versus those of traditional harvest,
local aguacultureisnot likely to beasi gnificant sourceof raw
materialsfor the state’ s processing sector inthe near future.
However, theemergingfinfishaguacultural industryinMas-
sachusetts has the potential to create significant numbers of
meaningful jobsin coastal communities around the state, to
generate significant export revenues, and to become an
important new environmentally sustainableindustry. Mas-
sachusetts aquaculture can benefit from linkages with the
existing and undersupplied processing sector in developing
new products, aswell aswith the emerging biotechnol ogical
industry. Production must adapt to a series of niche busi-
nesses, each targeting high-val ue domestic and export mar-
ket opportunities.

Success in aguaculture depends on suitable siting (wa-
ter quality and quantity, reasonably priced electricity, etc.),
operator skill, an acceptable permitting process, and access
toappropriately structured (i.e., patient) capital. Investment
capital remainsamajor limitation; the statemay needto play
amoreactiveroleinprovidingfinancial assistancefor devel-
opment of thisimportant and highly promising industry.
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FINFISH CULTURE IN MASSACHUSETTS:
A RESEARCHER’S PERSPECTIVE

David A. Bengtson
Department of Biological Sciences
University of Rhode Island
Kingston, Rhode Island 02881

INTRODUCTION

Asoneconsidersfish culturein Massachusetts, thefirst
impulse is to divide the topic by environment: freshwater
versussaltwater, and -- within themarineenvironment -- the
warmer waters south of Cape Cod versus the colder waters
north of thecape. Thefact that the cape servesasaboundary
between two biogeographic provinces is both good news
and bad news. Thegood newsisthat thereisawider variety
of marine species that can be cultured in waters of two
provinces(i.e., bothwarmwater and col dwater species). The
bad newsisthat culturing speciesinwaters near thelimitsof
their ranges means that the waters may not be optimal for
growing fish during some monthsof theyear (i.e., too hotin
summer for some, too cold in winter for others).

The culturist, therefore, needsto consider whether cul-
ture of particular species in Massachusetts' open waters
makessensefromthestandpoint of growth of theproduct (let
aloneregulatory problems). What arethe major speciesthat
weneed to consider? North of the cape, Atlantic cod (Gadus
morhua), haddock (Melanogrammus aeglefinus), Atlantic
salmon, and Atlantic halibut (Hippoglossus hippoglossus)
are actua or potential marine fish candidates. South of the
cape, summer flounder and tautog (Tautoga onitis) are still
just potential candidates at this point. In the freshwater
environment, trout, hybrid striped bass, and tilapiaare pres-
ently grown in Massachusetts.

ECONOMIC CONSIDERATIONS

As natural stocks of commercially important species
decline, tremendous pressure will build to culture many of
those species and to employ out-of-work fishermen in such
culture. Several “reality checks’ must be put into placein
dealing with that pressure.

The first reality check is economics. Fish culture in
Massachusetts will be (and is) expensive. Costs of land,
labor, and regulatory issues are higher than they are “down
south.” By “downsouth,” | meantheDelmarvapeninsula, the
Caralinas, and beyond to Latin America. Thefarther south
one goes, the lower the costs for fish production. The
Massachusettsfish culturist who producesafilleted product
for theretail market may very well find that the market price
for that species is actually determined by the supply from
lower-cost southern producers. For example, itisby nowwell

known that the price of Atlantic salmonin the United States
isprimarily determined by productionin Chile. Inordertobe
safe, theculturist shouldtry to produceaproduct whoseprice
cannot be determined by L atin American competitors. One
product that foreign growers cannot economically export to
theUnited Statesislivefishfor the Asian market, so produc-
tionfor that market oughttobehighonthelist for examination
by anyonewishing to enter the M assachusettsfinfish culture
industry.

The second “reality check” regards the number of jobs
created in an aquacultural venture, and, more specifically,
how many of those jobs might be filled by unemployed
fishermen. | amawareof afew companiesinwhichabout one-
to-two-dozen peoplecan produceapproximately 1 millionlb
of fishper year. Whilemany of thosejobsmight beperformed
by former fishermen, severa requirespecifictrainingor skills
not likely to be possessed by fishermen.

TECHNICAL CONSIDERATIONS

Technical issues in finfish culture fall into two basic
areas: biological and engineering. Biological issuesmay be
subdivided into hatchery-phase aspects and growout as-
pects. In the hatchery phase, broodstock fish must be
managed in such away that eggs can be obtained as often as
possible, preferably throughout the year. If the goal of the
operationisto bring aconsistent product to market through-
out the year, then a consistent supply of eggs should be
goingintotheproduction pipeline. For commercially impor-
tant marine fish species, rearing of larvae into juvenilesis
often the “ bottleneck” because of high mortality associated
withthat stage (eveninnatural oceanic populations). Growth
of seabass, seabream, cod, turbot, and halibut industriesin
Europerequired solution of many problems(e.g., food, nutri-
tional requirements, swimbladder inflation, etc.) inthehatch-
ery phase. Oncethefish movetothe growout phase (includ-
ing a“nursery” phase for hatchery-to-growout transition),
focus of problems usually shifts to nutrition, disease, and
systemoperation (including effluent management). Growout
phase is the most expensive and risky. Feed costs usually
account for about one-half of production costs, and the
growout period usually takes morethan 1 yr.

Engineering issues can also be subdivided; inthis case,
intothoseassociated with coastal net-penfacilitiesandthose
associated with land-based, flow-through or recirculation
facilities. Net-penfacilitiesrequiremechanical engineering



expertise, so that pens can withstand physical stresses of an
oceanenvironment. Recirculationfacilitiesrequirechemical
Or process engineering expertise, so that proper water chem-
istry can be maintained through the production tanks and
biological filters.

For reasonsmentioned above, especially water tempera-
ture and regulatory problems in the coastal environment, |
believe that the soundest strategy for finfish culture in
Massachusetts is development of land-based recirculation
systems. The high-tech, high-(fish)-density, aguacultural
system developed at AquaFuture, Inc., in Turners Fallsisa
model for aguaculture' s success. According to the owners,
they can produce asmuch hybrid striped bassin a45,000-ft?
facility as is produced in 400 acres of farm ponds “down
south.” If New England aquaculturists are to succeed, they
need to devel op appropriate technol ogies (including devel op-
ment of new hybridsor genetically improved species) forahigh
land cogt, high labor cost, difficult regulatory environment.

Beginningin1990, theUniversitiesof Rhodelslandand
Massachusetts collaborated to demonstrate that summer
flounder exhibited potential for commercial aguacultureina
land-based recirculation system. This high-value species
can beinduced to spawn throughout the year with hormonal
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injections, larvae can be raised using techniques similar to
those for turbot in Europe, and fish can grow to about 10
incheswithinthefirst year of lifeand to market sizewithin 2
yr. Although research on this speciescontinues, aNortheast
Fishing Industry Grant has assured that acommercial-scale
demonstration projectwill beginthisyear andwill likely create
anew industry, sinceinterest fromthe private sector ishigh.

CONCLUSIONS

U.S. agricultureowesitssuccessinlargepart togovern-
ment-conducted and government-funded research, followed
up with technol ogy transfer to the private sector viaastrong
cooperative extension service. In New England, we are
currently in the research phase and entering the technol ogy
transfer phase. NMFS is to be lauded for its support of
research in culture of commercially important species. The
USDA and states must now ensure that the New England
cooperative extension network is adequate to the task of
serving the fastest-growing, food-producing sector of the
U.S. economy -- aguaculture.

DISEASE CONTROL AND ENVIRONMENTAL IMPACTS
OF MARINE AQUACULTURE

Sharon A. MaclLean
Northeast Fisheries Science Center
National Marine Fisheries Service
Narragansett, Rhode Island 02882

INTRODUCTION

Thecultureof finfishesand shellfishesinU.S. marineand
estuarine waters has grown rapidly in the past two decades.
Recent declinesinmajor commercial fishstockshavespawned
interest in further expanding coastal and offshore aquacul-
tural operations. Culture, maintenance, and movement of
finfishes and shellfishes by humans have a history of thou-
sands of years, but only in recent decades has there been
much intensive culture of marine species. Intensive marine
culture operations now are common in severa areas of the
world, providing an opportunity to examine the successes
and failures of intensive aguacultural devel opment.

The following discussion draws on experience and re-
search conducted primarily in Scandinavia, Britain, Asia, and
North America, as abasis for discussing real and potential
impactsof marineaquaculture. Thisisnot acomprehensive
review of thevoluminousliteratureon environmental impacts
of aquaculture, but, rather, an introduction for local
decisionmakers to key issues surrounding aquacultural de-
velopment of coastal areas.

DISEASE AND ITS CONTROL IN
AQUACULTURE

Diseasesoccurinwildaswell asin culturedanimals, and
can bedivided into two basic groups: 1) infectiousdiseases
caused by viruses, bacteria, or parasites; and 2) noninfec-
tious diseases caused by toxic substances, improper nutri-
tion, poor water quality, physical damage, or genetics.

Infectious diseases are of major concernin aguaculture
because of their effects on production and of their potential
impact on wild populations. Outbreaks of diseaseinfinfish
culturefacilitiesand shellfish hatcheriestypically arecaused
by opportunistic pathogens that are widely distributed in
nature, but have both alow prevalence and low intensity of
infections in wild populations. Stress of confinement de-
creases resistance, and high density of culture situations
facilitatestransmission of infectious agents; both contribute
to onset and progression of disease.

Absolute prevention of disease in aguaculture is pos-
sibletechnically, butrarely achievedinpractice, particularly
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in high-density, commercial culture systems. Recent devel-
opment of specific, pathogen-free shrimp broodstock, for
example, may be substantially ahead of theability of shrimp
farmerstokeeptheirfacilitiesfreeof all pathogens. Vaccines
are an important means of preventing disease, and recent
advances in vaccine development have greatly decreased
prevalence of bacterial diseasein finfish culture.
Sincestressof culturing marineorganismsat high stock-
ing densities contributes substantially to onset of disease,
control of disease becomesimportant to success of produc-
tion. Some progress has been made in development of
specific disease-resistant strains of cultured species, and in
studiesontheeffect of proper nutritionondiseaseresi stance.
For themost part, however, control of diseasein aquaculture
reliesupon good husbandry and drug treatment. Husbandry
istheonly method of control for adult mollusks(Bower et al.
1994). Drugtreatment hasbeenthesubject of much attention
as apotentia source of drug residuesin food products and
the environment. Drug treatment will be discussed later.

ENVIRONMENTAL IMPACTS OF MARINE
AQUACULTURE

Thereismuch publishedinformation oneffectsof aquac-
ulture on the environment. What is presented here is an
introduction to some of the concerns surrounding devel op-
ment of aquaculture. 1t becomesevident whenreviewingthe
literature that intensive culture of finfishes or shellfishesin
shallow or poorly flushed coastal areas is a “recipe” for
problems.

Physical Impacts

Construction of aquacultural facilities, aswithindustrial
development of other types, can have consequences for the
physical environment. In Southeast Asia, construction of
shrimp pondshas destroyed thousands of acresof mangrove
habitat. U.S. federal and state regulations, however, limit
potential adverse effects of coastal and wetlands develop-
ment, including devel opment for aquaculture.

Changesin the environment may beless obvious when
effectsarebel ow thewater surface. Alteration of water flow
hasbeen reportedin Europeand Asiawherehighly intensive
culture of mollusksis done on racks or poles. Under these
conditions, vertical arraysof mollusksact asawall, altering
natural flowsof water. M odifyingwater flow affectsdeposi-
tion and movement of sediments such that wastes accumu-
latebeneaththeracksmorerapidly thanif the“walls’ did not
exist; erosional areas develop where previously there were
none(Pillay 1992). Adequatespacing of structuresvertically
arranged in thewater column minimizes such effects.

Physical placement of marineculturefacilitiesmay con-
flict with other users of the marine environment, such as
commercia and recreationa fishermen, boaters, and those
seeking aesthetics of the undisturbed beauty of nature.

Impacts from Solid Wastes

In ponds and systems with inadeguate flushing, exten-
sive waste accumulates beneath cultured finfishes and
shellfishesraised off bottom, and leadsto significant physi-
cal, chemical, and biological changes to the environment.
Solidwastes, consi sting of excrement and unconsumed food,
alter granularity of sediment, resultingin afinesilty consis-
tency that islesslikely to dispersethan larger-grained mate-
rial. This ateration of bottom habitat leads to changesin
natural bottom-dwelling organisms. A decreaseindiversity
and abundance of benthic species hasbeen reported beneath
intensive finfish cultures, particularly at sites accumulating
morethan 20 cm of waste (Weston 1989; Kupka-Hansenet al.
1991). Butinwell-flushed, less-intensiveculturesituations,
there appears to be a biostimulation of bottom-dwelling
species(Churchill, pers.comm.?).

Microbial decomposition of organic-rich waste con-
sumes oxygen. If waste accumulation is extensive, the
demand for oxygen will be extremely high and can lead to
anoxia and to generation of hydrogen sulfide and methane
gases. Local anoxia has been reported in Japan in shallow
bays where there is intensive mussel and oyster culturing
(Nose 1985), and low oxygen levels have been reported
beneath intensive net-pen culture of salmonids in Europe
(Kupka-Hansenetal. 1991). Theseconditionsarereversible,
and croprotation, bottom harrowing, andleaving areasfallow
are some practicesutilized to mitigate them.

Turbidity is a measure of solid material suspended in
water. Turbidity of local watersmay beincreasedwhenwater
is discharged during harvest of pond-raised shrimps and
finfishes. Minor changes in harvest practices, such as
allowing a waiting period after harvest before discharging
water, can greatly reduce theinput of sediment-laden water
into neighboring waterways.

Impacts from Chemicals

Numerous chemicals have been used in aquaculture to
deal with pests, predators, fouling organisms, parasites, and
diseases. A chemical used might be considerableinamount,
depending ontypeandintensity of culture, and the extent of
impact of thechemical isassociated withhow itisused (e.g.,
antibiotics or vitamins as feed additives, antifouling agents
in constructional materials, or chemicals broadcast through
thewater).

Antibioticsareused in finfish and shrimp culture. This
has raised considerable concern regarding their persistence
in the environment, the development of antibiotic-resistant
strains of wild bacteria, and the presence of residues of
antibioticsin the cultured food product. Most research has
been directed at salmonid net-pen culture where extensive
use of antibiotics has resulted in accumulation of drugsin
sedimentsin thevicinity of culture sites. However, studies
have shown that after 30 days, oxytetracycline (the most
commonly used drug) is bound to sediment in an inactive



state (Samuelson et al. 1994). Antibiotic-resistant strainsof
bacteriahave beenisolated from sediments near fish culture
facilities, but resistance may be as short-lived as 9 days
(Austin1985). Withrecent devel opment of effectiveinexpen-
sivevaccines, use of antibioticsin fish culture has declined
precipitously, and soon should become anonissue. Norway
has experienced a 73% reduction in use of antibiotics in
salmonid culture, and salmon farmers in the United States
havehadsimilar experiences. TheFDA regulatesuseof drugs
in animals cultured for human consumption. Antibiotics
accumulate in tissues of treated animal's, and thus may pose
arisk to human health. Therefore, FDA requiresaperiod of
nontreatment before marketing to alow drugs to dissipate
from tissues.

Several chemicals have been approved by the FDA for
use in aguaculture to treat external funga and parasitic
infestations. Someof them, likehydrogenperoxideandgarlic,
arehouseholditems. InEurope, treatment of salmonidswith
organophosphate chemicals to control sea lice infestations
showed negativeeffectson nontarget organismswithin25m
(80ft) of thenet-pens(Egidiusand M oster 1987). Useof local,
cleaner wrassefishesand anatural insecticideextractedfrom
aflower are being investigated as alternative control meth-
ods. Furthermore, management practi cessuchasmaximizing
distance between sites, avoiding overlap of generations on
farms, and allowing regular fallow periodshelp alleviatethe
problem.

Chemical sused asantifouling agentsto treat equi pment
and constructional materials can have substantial effectson
cultured or wild marine organisms. Tributyltin, used in
antifouling paint, has been implicated asthe cause of major
reproductivefailuresand deformitiesin mollusksin Europe
and the United States. As a consequence, its use has been
greatly restrictedinmany countries. Copper-based antifoul -
ing agents are used commonly and have shown limited local
effects.

Water Quality Impacts

Additions of nutrients, particularly nitrogen and phos-
phorus, to the environment are a concern because of the
potential for theseelementstotrigger algal blooms. Intensive
culture of finfishes and shrimps can contribute substantial
amounts of nitrogen to the environment through addition of
uneatenfeed (only 20% of nitrogeninfeed entersthefish) and
metabolic waste in the form of ammonia. Algal blooms,
however, are more relevant to lake systems rather than to
open well-flushed environments where dilution occurs.

Blooms of toxic algae are another issue, as they may
affect marine organismsaswell as poseahuman healthrisk.
Correlations between toxic algal blooms and aguaculture
were reported from Japan where mollusks were intensively
cultured in poorly flushed embayments (Nose 1985). Such
blooms have not been reported in association with finfish
farms.
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Impacts on Wild Stocks

Threats to wild stocks by aquaculture include disease
transferred from cultured towild stocks, geneticinteractions
and dilution of the wild gene pool, and competition or
predation by escapees. Despite even the best efforts to
prevent them, escapesfrom culture systems till result from
accidentsand natural disasters. Hatchery-reared or cultured
organisms tend toward limited genetic variability and may
introduce “weak” genes into the wild gene pool through
interbreeding. Thisisagrowingissueasmoreriverinesalmon
popul ations become classified as endangered. Hundreds of
thousands of cultured salmonids have escaped from net-
pensin Norway over the past decade and no genetic impact
has been reported asyet. Reducing the potential for genetic
impact couldincludeincreasing thenumber of broodstock to
keep genetic variability high, using only sterile finfish in
culture, or rearing local finfishes.

Seriousproblemsin aquaculture arisewhen finfishesor
shellfishes and their associated pathogens are introduced to
an areainhabited by previously unexposed, susceptiblewild
populations. This has been the case with transfer of marine
mollusks and crustaceans, nationally and internationally,
which resulted in wide dissemination of several serious
pathogens of oysters and shrimps (Farley 1992; Lightner et
al. 1992). The possibility of transferring pathogens from
culturedfinfishestowildfinfisheshasbeenstudiedinBritain,
and research showed low preval ence of the pathogen studied
and no sign of disease in wild stocks (Phillips et al. 1985).
However, arecent study in Norway suggeststhat escapes of
infected finfishes, alongwith transfer and natural movement
of finfishes, have contributed to the spread of disease into
wild stocks (Johnsen and Jensen 1994). More commonly,
though, theimpact of diseaseison cultured species. Guide-
lines to minimize disease-based and parasitic interactions
between cultured and wild stocks have been established on
regional, national, andinternational levels, andincludesteps
to reduce introduction of diseases when fish are moved to
new areas. Theonly U.S. program requiring diseaseinspec-
tion of imported finfishes deal s with freshwater salmonids.
Although many states have agreements on interstate move-
ment of finfishes and shellfishes, no federal disease inspec-
tionisrequiredforinterstatemovement of marineorganisms.

Environmental Benefits

Most often, discussions about environmental effects of
aquaculture are negative, although beneficial effects exist
asidefrom seafood production and economic gain. Mollusk
culture makes several positive contributionsto the environ-
ment. Shell rubble collecting beneath mollusk culturestruc-
tureshelpsto stabilize bottom sediments, servesasasurface
for spat settlement, and may provide shelter for small inver-
tebrates.
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Mollusks, being filter feeders, filter the water of phy-
toplankton, thus counteracting algal growth. This phenom-
enon hasbeen exploitedinpolycultural systemsinlsrael and
other countries, wherenutrient-rich wastewater fromfinfish
culture tanks is used to grow algae on which oysters feed.
Culturedmacroalgae(i.e., largealgaesuch askel p) and other
aquatic plantsremovenutrientsfromtheenvironment, thereby
limiting the potential for algal blooms resulting from
overenrichment by nitrogen and phosphorus.

Open-water mollusk culture also may enhance natural
sets by broadcasting spawn into open water, causing settle-
ments to occur outside the culture site.  Finfish culture
decreasesfishing pressureonwild stocks, and, asmentioned
earlier, may increase biodiversity in benthic communities
beneath some net-pen systems. Wild finfishes and large
crustaceans tend towards densities that are higher around
cages than in surrounding areas.

CONCLUSIONS

At present, environmental impactsfrom marineaquacul -
ture in the United States are few and tend to be localized,
although the potential for greater impacts exists. Many

potential threats to the environment can be avoided or
minimized by thoughtful planning of locations for culture

sites, and of culture-carrying capacity of local environments.
Somerecently devel oped environmental model sarebased on
the method, species, and biomass of a culture, as well as
hydrographical and water quality conditions of proposed
culture sites. These models may be useful to plannersin
considering areas for intensive aquacultural development.

ENDNOTE

1 L. Churchill; Maine Department of Marine Resources,
West Boothbay Habor, ME; 1995.
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USER CONFLICTS -- CAN AQUACULTURE EXIST
WHILE GUARANTEEING PUBLIC RIGHTS?

Susan Show-Cotter
Massachusetts Coastal Zone Management Office
Boston, Massachusetts 02202

BACKGROUND

Public rightswhich need to be protected when aquacul -
tureis contemplated are known as the public trust doctrine
(PTD). The PTD isacommon-law concept which has been
upheld in varying forms by courts across the country. The
PTD gives states title to land under navigable waters and
tidally affected land. These lands are held in trust for the
public. To protect accessfor all, thetrust restricts, but does
not generally prohibit, exclusive use of trust property. Any
exclusiveuse(including aguaculture) of trust landstypically
requires alease fromthe state. The process of leasing trust
lands varies from state to state, as does the cost of leasing.

In Massachusetts, the Massachusetts Department of
Environmental Protection (MDEP) is “landlord” for sub-
merged trust |landsunder regul atory authority of Chapter 91.
To date, MDEP has not taken jurisdiction over most aquac-
ultural projectsbecausethey areconsideredtemporary moored
facilities, and are not generally an exclusive use. A few
aquacultural projects have received 10A permits (under
Chapter 91) which areissued free by the harbormaster on a
year-by-year basis. The10A permitisonly validfor moored
facilities. MDEP regulations do not directly address aquac-
ulture, although they may soon bere-eval uating thisissuein
light of the recent surge in interest in marine aquaculture.
Under thepresent administration of Chapter 91, theonly way
that an aguaculturist could obtain an exclusive long-term
licenseto an areaisto apply for a Chapter 91 license which
entails a detailed application, environmental review, and
assessment of a license fee. In exchange, the applicant
obtainsa30-yr (renewable) license. No aguacultural propo-
nent has applied for a Chapter 91 license to date.

Other states use different systems to handle their sub-
merged|andsunder thePTD. Somehavenoleasingstructure,
relying on taxes from aquaculture (or any other use of trust
lands) to meet their obligations under the doctrine. Others
have moderate leasing fees to cover attendant costs of
environmental monitoring and administration. States like
Washingtonwith highleasing feesapprai setheir submerged
landsasapercentage of theval ue of theadjacent upland. On
thisbasis, they realize a substantial revenue which they use
for public education, facilitiesfor public access, removal of
derelict shoreline structures, restoration of wild shellfish
beds, and marine recreation. Conseguently, everyone can
seebenefitsflowingdirectly from privateuseof trusted lands,
and, therefore, everyoneismorelikely to accept devel opment
of aguaculture. Massachusettsis now ng its current

policy to determine how best to strike a balance among
various interests involved in leasing of trusted lands for
aquacultural use. The state recognizes that it must temper
promotion of aquaculture, a desirable economic endeavor,
with various public and private concernsand rights, includ-
ing environmental protection.

USER CONFLICTS AND SITING ISSUES

User conflictsareoneof themajor obstacl esto devel op-
ment of aquaculturein Massachusetts. These conflicts may
vary somewhat from site to site, and from one type of
aquaculturetoanother, but they arecommonworldwide. The
conflicts change somewhat depending on the relative loca
tionwithinthe ExclusiveEconomicZone, whether itisinter-
tidal or subtidal. Intheintertidal areaof M assachusetts, most
aquaculture today is bottom culture, and, therefore, user
conflictsareminimizedin someways. Conflictsarelargely
aesthetic, and are most apparent at extreme low tide when
culturefacilitiesarevisibleandleasehol dersaretendingtheir
shellfish. Off-road-vehicle access to leaseholds is another
conflict, particularly when accessrunsover private property,
whether upland or tideland. Conflictswith intertidal |ease-
holders also occur if they involve a loss or restriction of
recreational activity.

User conflicts change somewhat as aquacultural activi-
ties move offshore to subtidal, state-owned, nearshore wa-
ters. Culturingtechniquesherearemoreexclusiveinnature,
generally either water-column culture or pen culture. These
types of culture are usually incompatible with other uses of
the same site, and user conflicts are more direct. Some
conflictsincluded hereareassociated withnavigation, recre-
ation, fishing gear, and endangered species. When aguacul-
tureis sited in federal waters (i.e., waters beyond the 3-mi
limit), conflictsinvolvenavigation (even submarineroutes!),
commercial shipping, andcommercial fisheries. Becausethe
oceanisalimited public resource, thereisaneed to balance
conflicting uses and to reach a consensus on an acceptable
mix. Good publicpolicy demandsthat conflictsinvolvinguse
of public lands and properties be resolved considering the
rights of all interested parties.

Conflicting uses and aquacultural siting issues are not,
of course, uniqueto Massachusetts. Many areasof theworld
have dealt with these issues. Massachusetts is in a good
position to adapt lessonslearned elsewhere. Some of these
lessons are:
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1 Planning-- Rather than evaluating apotential aquacul-
tural site only after it appears in a proposal, towns,
counties, and states should proactively plan such sites
using the “harbor planning” process to map them.

2. Structure/Gear Design -- Design the orientation, dis-
tancefromshore, color, and amount of vertical structures
soastoreduceaestheticconflicts. Usemobilegear, cage
culture, or marinacultureto reduce exclusive use of an
area, and provideflexibility for theculturisttomovegear
in response to seasonal fisheries, water quality, etc.
Placing gear entirely underwater and tending it with
remotely operated vehicles are options being consid-
ered by a prospective culturist in Chatham. This ap-
proach will avoid aesthetic conflicts.

3. Determinationof Priority Uses-- TheStateof Washing-
ton hasapolicy that clearly gives preference to aquac-
ulturewhen thereiscompetition for use of statewaters.
Thepolicy aso saysthat the state’ sinterest in aguacul -
ture outweighs any local interest.

4. Education-- Aquacultureisanewindustry inMassachu-
setts, and most of thecitizenry donot understandit. Lack
of publicknowledgeabout it anditsimpactshasresulted
in sometimes unnecessary controversy over siting and
leasing. Publiceducationof waterfront owners, munici-
pal and statedecisionmakers, and school childrenwill go
far infamiliarizing peoplewithrealities of aguaculture.
Better understanding should bring greater public accep-
tance. Useof citizen advisory groupstofacilitatesiting
is an approach that has proven successful at the local
level inNovaScotia. They foundthat meetingsbetween
prospective culturists and community representatives

often smoothly resolved otherwise contentious siting
issues.

Thebottomlinefor much of theaquacultural sitingissue
istherealizationof prioritiesfor useof limited space. Inareas
suchasAsiaand South America, wherelarge-scal eaquacul -
ture has been successful, people are voracious seafood
consumerswho recognizethevital needto all ocate spacefor
food production. Recreational use of watersis not a high
priority. Another important consideration is the level of
government control over decisionmaking. These countries
generally havecentralized governmentswithlimited munici-
pal-level decisionmaking. In Massachusetts, of course, the
situationisjust the oppositewhereaquacultureisconcerned.
We have strong democratic traditionsand do not favor large
exclusive uses of our public waters.

MASSACHUSETTS AQUACULTURAL
INITIATIVE

The Massachusetts Coastal Zone Management Office
(MCZM) has drafted the document, “Marine Aquaculture
White Paper,” now availablefor publicreview. Itcharacter-
izesthe marine aquacultural industry in Massachusetts, and
identifiessome problems.

TheMCZM hasformedthreeworkinggroups, “ Environ-
mental Review,” “ Regulatory Reform,” and“ Economic De-
velopment,” to develop state strategies that encourage ma-
rine aguaculture while protecting the environment and the
rights of public and private property. The MCZM expects
that by latespring 1995it will finalizethesestrategies, drafting
them into another document, “ Aquaculture Strategic Plan,”
for the state.

THE REVOLVING LOAN FUND:
ITS APPLICABILITY TO AQUACULTURAL PROJECTS

Maria G. Gooch
South Eastern Economic Development Corporation
Taunton, Massachusetts 02780

The South Eastern Economic Devel opment Corporation
(SEED) wasestablishedin 1982 asa“ Chapter 180" nonprofit
corporationtohel pfinancesmall businesses. Althoughsmall
businesses create most new jobs in this country, they have
adifficulttimeobtainingfinancing. Thisisespeciallytruefor
small businesseswithlittlecollateral andanoperating history
shorter than 3 yr.

SEED’ sfirst step wasto obtain a certification from the
U.S. Small BusinessAdministration (SBA) to packageloans
under the“ SBA 504 Program.” SEED also packages” SBA
7A" guaranteed loans on behalf of local banks and small
business clients. In addition to the SBA programs which
might be of assistanceto some of you, SEED also runsthree

“RevolvingLoanFundPrograms,” a“MicroL oan Program,”
and an “ Enterprise Fund Program.”

The “Fisheries Adjustment Revolving Loan Fund” was
established last year when the U.S. Economic Development
Administration made a $500,000 grant that passed to SEED
through the Massachusetts Executive Office of Economic
Affairs. Purposeof thegrant wastod leviateeconomicdistress
relatingtolossof fishery jobs. SEED coversall of southeastern
Massachusettswiththisfund, includingtheCountiesof Bristol,
Plymouth, Barnstable, Dukes, and Nantucket, but not the City
of New Bedford which runsits own program.

The major goa of thisfund isto create long-term job
opportunities for workers displaced from the fishing indus-



try. Under thisfund, SEED provides|oansupto$100,000that
can be used as the downpayment on alarger project. The
SEED portionof theprojectisgenerally 30%or less, although
in caseswherethereisafinancing gap, SEED’ s portion can
belarger. Theinterest rateisgenerally below primeandfixed
fortheterm. SEED’ slastloanrateswere8.5%fixed. Theloan
term is generaly 5 yr, although SEED can defer principal
payments, amortize over longer periods, or establish sea-
sonal schedules as needed. Loan funds may be used for
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businessreal estate, boat construction or repair, equipment
and furnishings, or working capital. Aquacultural busi-
nesses, |obstermen, and shelIfishermen received someof the
loansunder thisfund. SEED canaccommodatespecial needs
of theaguacultural industry by making repayment termsvery
flexible during the first year, and by alowing the client to
repay theloanfrom other sourcesof income. SEED approves
loans on amonthly basis, but can approve small loans more
quickly inan emergency.

THE NORTHEAST FISHERIES ASSISTANCE PROGRAM
AND FISHING INDUSTRY GRANTS

Danal.Morse
Northeast Regional Operations Office
National Marine Fisheries Service
Gloucester, Massachusetts 01930

BACKGROUND

In March 1994, Ronald Brown, Secretary of the U.S.
Department of Commerce, announced thefederal appropria-
tionof $30milliontoaidthestrugglingfishingindustry inthe
Northeast. Eighteen million dollars went to the Economic
Development Administration for technical assistance pur-
poses and for low-interest loans, and $12 million went to
NMFS. Breakdown of theNMFSallocation wasasfollows:
1) $9millionfortheFishingIndustry Grant (FIG) Program, 2)
$1 million for fishing vessel obligation guarantees, 3) $1
millionfor administrativecosts, and4) $1 millionfor devel op-
ment of six fishing family assistance centers (FACs).

FISHING FAMILY ASSISTANCE
CENTERS

TheFACsarelocatedin Portland and Rockland, Maine,
in Gloucester, Chatham, and New Bedford, M assachusetts,
and in Narragansett, Rhode Island. The Rockland and
Narragansett officesaremobileand cover largeareas. Dueto
newness of the program and the rapidly changing nature of
theindustry, dutiesof the staff arestill evolving. Generaly,
staff haveidentified tractable problemsand have devel oped
remedial programs. For exampl e, toovercometheunfamiliar-
ity with grant proposal writing, all assistance centers have
held well-attended, well-received workshops and seminars.

The FACs' services to fishermen and their families at
present are largely extensional and educational. These
servicesinclude: 1) genera information; 2) referral tovarious
agencies for loans, education, food and heating assistance,
funding for new business startup, etc.; 3) guidancein devel-

opment of grant proposals, 4) relief and retraining programs
conductedwith other local entitiessuch asindustry coopera-
tivesand Sea Grant offices; and 5) mediacommunicationto
disseminate information regarding government and other
programs.

TheFACsutilizeexistingresourcesto define, advertise,
andimplement certain programsand policies, andact asreal,
face-to-faceextensionsof thefederal government. By offer-
ing persona counseling and service, they put the human
element back intherel ationshi p between thegovernment and
thefishingindustry. Recently, therehasbeenaconsiderable
amount of interest, mediaattention, and criticism surround-
ing the grants program. Identifying criticisms and offering
constructive advice haveal so been animportant FAC activity.

FISHING INDUSTRY GRANT PROGRAM

TheFIG Programwasdelivered under two solicitations,
each for $4.5 million. Unlike loans, grants need not be
refunded. Typical of other grant programs, thisoneinvolves
the review of proposals, awarding of funds, project evalua-
tion, and reporting.

There have been many ideas about what the grants
program was supposed to achieve, and many misconcep-
tions. Most importantly, the program does not offer instant
gratification. There have been requests to draft a program
similartoCanada’s. Inresponsetoclosureof itscodfisheries,
Canadapaysitsfishermen, ineffect, unempl oyment compen-
sation. The FIG Program does not provide such immediate
financial assistance. Itis, however,ameanstostimulateideas
for new busi ness opportunities, new processing technology,
and fishery development. These ideas should increase
diversity of theindustry, and help to retain and create jobs.
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Today, diversity isanespecially importantissuein New
Bedford. New Bedford hasbeena“traditional” port, fishing
for traditional species, using traditional methods, and selling
well-established productsin traditional markets. Now, not
only is domestic supply obviously changing, but so is the
marketplace. Diversity, therefore, isvital tothefuture of the
New Bedford seafood industry. Perceived benefits, in light
of the need for diversity, of the FIG Program include: 1)
stimulating new businesses and/or processes which would
trangdlate to jobs; 2) providing an opportunity to examine
propositionswhicharerisky and otherwisemight not betried;
3) stimulating ideas; 4) fostering productive exchanges be-
tween science and industry; and 5) familiarizing applicants
with devel opment of businessplans, anecessary first stepin
capital formation for companies of any size. Perceived
drawbacksinclude: 1) not providinginstant gratification; 2)
requiring grant writing, a complicated process foreign to
many in the fishing industry; 3) requiring facility with lan-
guagethatisgreater thannormal for fishermen, compounding
the strangeness of the proposal process for them; and 4)
requiring reporting, another task that can present writing
problems similar to those of the grant proposal.

While FAC staff cannot change the nature of the pro-
gram, such asthetimeit takes to process applications, they
can help to overcome difficulties encountered concerning
writing of proposal sandreports. They commonly spendtime
privately discussing proposals with applicants, performing
general reviews of various documents, presenting work-
shops on proposal development, answering questions, and
providing referral to qualified, professional grant writers.

HOW AQUACULTURE FARED
IN “ROUND ONE” GRANTS

Twenty-eight projectswerefunded in thefirst round of
FIG. Thenineprojectsthat concerned aquaculturereceived

over $2 million of the funds available, individually ranging
from$40,000to over $650,000.

It is noteworthy that FIG aquacultural projects are till
subject to any permits that are required by town, state, or
federal agencies. Simply receivingfundingdoesnot preclude
the need for all appropriate permits. However, since the
permitting processislengthy, useof a“ NM FS Experimental
Permit” has been suggested. Further, since these permits
havelimited duration, if townsweretoemploy anexperimental
permitasasubstitutefor “ normal” town permits, therewould
be an opportunity to make detailed assessments of projects
at very limited risk. As projects progressed, towns would
become better equipped to make educated decisions about
any futurework, and could devel op equitableiterative solu-
tions to problems as encountered.

CONCLUSIONS

The Northeast fishing industry isin great need of alter-
nativesto traditional activities. Current fishing regulations
promoteattrition of individualsfromindustry, rather thanan
“all-or-nothing” effect. Part-time ventures, such astending
anintertidal lease site, could provide some needed employ-
ment, with possibletransitiontofull-timenonfishingemploy-
ment. TheFIG Program providesfunding for risky ventures
in atight economy.

Exchangeand examination of ideasarethe most impor-
tant aspects in the relationship between the agquacultural
industry and the grants program. It isimperative that ideas
flourish in order for the fishing industry and the region’s
economy tosurvive. Thisfisheriescrisisisinherently oneof
extreme and rapid change. The Fishing Industry Grant
Program providesonedoor of opportunity toanindustry that
genuinely requires alternatives.
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AQUACULTURAL POLICY:
FORMULATION AND IMPLEMENTATION

Harlyn O. Halvorson
Palicy Center for Marine Biosciences and Technology
University of Massachusetts
Dartmouth, Massachusetts 02747

INTRODUCTION

ThePolicy Center for MarineBiosciencesand Technol -
ogy was established in 1992 to address a broad range of
problems and opportunitiesraised by recent developments
inmarinebiosciences. Itisconcernedthat the United States
insufficiently applies many recent developmentsthat offer
potential economicand social benefit. Itisacenter “without
walls,” providing a forum for everyone concerned with
marineissues. Itswork entails; 1) defining relevant issues;
2) identifying gaps in scientific knowledge; 3) targeting
audiences in need of specific information and producing
informational packagesaimed at their needs; and 4) recom-
mending legislative action to appropriate local, state, and
federal policymakers.

The Policy Center stresses effective communication,
and provides a credible forum for deriving sound public
policy inthegrowing areaof marineregulations. Itsoffices
are at the University of Massachusetts-Dartmouth, the
Marine Biological Laboratory in Woods Hole, and the
Kennedy School of Governmentin Cambridge. Theseinsti-
tutionsarededicated to both scienceand public service. By
having offices there, the Policy Center has access, free of
typical institutional constraints, to a variety of individual
talents and organizational strengths. The Policy Center
involves scientists, government institutions, environmen-
tal experts, and public interest groups as active partnersin
shaping public policy.

In summer 1993, at the Marine Biological Laboratory,
thePoalicy Center helditsfirst conference, “ Aquacultureand
theMarine Environment: the Shaping of PublicPolicy.” The
purpose was to explore public perceptions about marine
aquaculture, assemble relevant facts surrounding these
perceptions, and examineresultingimpacts. Thetopicwas
of interest and concern to the public, and could produce
scientific information to assist public policymakers. A
number of organizations interested in marine aguaculture
sponsored the conference. Participants represented gov-
ernment, academia, industry, researchinstitutes, and public
interest organizations. Recommendations that emerged
from that conference are rel evant to this symposium.

AQUACULTURE’S ROLE IN THE
ECONOMICS OF COASTAL
COMMUNITIES

Consensus of the conferees was that marine aquacul-
turists should promise coastal communities no more than

what might beaccomplished at their current stage of devel op-
ment. However, coastal communities should factor aquacul -
tureintotheir economicdevel opment planning, and bringtheir
needs to the attention of federal and state decisionmakers.

For craftinglegidlationto provideor createopportunities
for economically viable aguaculture, communities need to
know about their aguacultural optionsand how to obtain the
mix of sizes and types of aquaculture that will be socioeco-
nomically compatible. Confereesmadethefollowingrecom-
mendations:

1 State and federal governments should include aquacul-
turein economic development planning. State aquacul-
tural coordinators might identify existing mechanisms,
such as coastal zone management plans or planning
councils, to help local governments integrate aquacul-
ture with economic devel opment.

2 Thefederal government should mandate, by statute, the
Joint Subcommittee on Aquaculture’ s recommendation
that parti ci pating departmentsand agenciesof thefederal
government give priority to, and rapidly develop, na-
tional aguacultural strategiesthat the U.S. Congresscan
assembleinto law.

3. Governments should convince lease site applicants of
the necessity to address the public trust issue. Appli-
cants should be able to justify clearly and forthrightly
why a community should allow them to use public re-
sourcesfor commercial purposes. Governments should
assi st applicantsby compiling descriptionsof successful
aquacultural projects and ways in which the projects
benefitted their communities.

4.  The Joint Subcommittee on Aquaculture should deter-
mine how agquacultural marineindustrial parks could be
started. Such parkswouldfoster aquacultural innovation
and new businesses. They might receiveblanket permits,
eliminatingtheneedfor new permit applicationsfor every
new leasesite. Thecentral purpose of such parkswould
be to reduce startup costs.

STRATEGIES FOR SHAPING PUBLIC
POLICY

Strategies to shape public policy in support of marine
aquacultural development should be based on a clear under-
standing of: 1) which key individuals, interest groups, and
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agencies should receiveinformation and recommendations;
2) kinds of information most appropriate for intended audi-
ences; 3) and the most effective means of communicating
relevant information and recommendations to intended re-
cipients. Inrecommendinglocal, state, regional ,and national
fostering of marine aquaculture, policy planners should
includeguidelinesfor, and examplesof, successful planning
and development, including marine aquacultural industrial
parks.

Governments, industries, and universities, in partner-
ship, should bethe pre-eminent planners of marine aquacul-
tural development in coastal states. Coordinators should
work closdly withtheir statecoastal zonemanagement offices
and local communities, encouraging them toinclude aquac-
ulture in their plans. States should designate a leading
agency for aquacultural development. Aquacultural plan-
ning should be strongly linked to long-term environmental
and economic planning.

Federal Government

Thefederal government should designate alead agency
that workswiththe Joint Subcommitteeon Aquaculture. This
agency should clarify and publish the role of al federal
agencies dealing with marine aquaculture.

Thefederal government shouldreview and modify exist-
ing regulations and procedures so that they include aquac-
ulture. Most existing regul ationsand proceduresfor protect-
ing theenvironment preceded theemergenceof aquaculture.

The federal government should create a government-
industry-university roundtable on aguaculture. This
roundtablewoul d advise the Joint Subcommittee on Aquac-
ulture and the leading aquacultural agency on all matters of
mutual interest, including research and product develop-
ment.

Both houses of the U.S. Congress will probably intro-
duce bills governing aquaculture thisyear. Therefore, itis
important that congressional committees be well informed
beforehand. The Joint Subcommittee on Aquaculture asked
the congressional Office of Technology Assessment (OTA)
to make a study of domestic aguaculture. Members of the
Policy Center havebeeninvolvedinanumber of OTA’ sstudy
reportswhich are currently under review.

The OTA also asked the Policy Center to investigate
successes and failures in domestic aquaculture in order to
develop optionsfor federal involvement. Initsreport, “ Fac-
tors Contributing to Success and Failureinthe U.S. Aquac-
ulturelndustry,” thePolicy Center identifiedthefindingsand
recommendationslistedin Table 1.

Local Government

Loca government should be more aware of potential
benefits of marine aquaculture, and of the case studies of
successes and failuresin aquaculture. The case studieswill

Tablel. Findingsand recommendations of the Policy Center for
MarineBiosciencesand Technol ogy for federa involvement

tohelptheU.S. aquacultural industry

FactorsLimitingProducer Success

Outdated and cumbersomeregul ations
Inadequatemarketingefforts

Diseaseand|ack of approveddrugs

Lack of capital (i.e., grants, loans, and subsidies)

AW N P

DesirableGoalsfor | mprovement

Firmstateandfederal support

Friendly regul atory environment
One-stoppermitting

Weéll-defined, consistent publicpolicy
Morecapital for development

M oreresearchon culturemethodsand biology

o o~ WP

Priority Policy Optionsfor Federal Actions

=

Reviseenvironmentd regulationstoaccommodate
agquaculture

Streamlinepermittingprocess

Facilitatesitingof aquacultural operations
Providecapital for aquacultural operations
Expeditereview and approval of drugsfor disease
treatment

Educatepublicabout real benefitsandrisksof
aguaculture

o~ wN

o

Recommendationsfor Gover nment Assistance

Providegenera supportandinformation
Providefundingforresearch

Developcongstent regulations

Providemorecapital

Streamlinepermittingprocess
Promotepublicacceptanceand marketing assistance
Work for pollution abatement

Treat aquaculturelikeagriculture
Educateregulatorsabout aquaculture

© 0 N O O~ w NP

hel pthemto understand thegoverning regul atory, economic,
environmental, and social factors.

Local government should devise a*“one-stop” permit-
ting process managed by afacilitator with practical experi-
ence, and should study thefeasi bility of marineparksasinitial
sitesfor aquaculture. They shouldissueone-timepermitsfor
the site, rather than subsequently issue permits to every
individual entrepreneur.



Scientific Community

The scientific community should encourage and assist
scientiststo engagein research and technol ogy -- from basic
to applied -- relevant to aquaculture. It should also perform
additional researchinavariety of fields, including popul ation
genetics, hybrid fish behavior, and ecosystem dynamics.

AQUACULTURE IN MASSACHUSETTS

That Massachusetts needs to address issues about
aquaculture has never been more evident. The local and
national press have reported the crisisin our fisheries, the
need to create new jobs, the promise of aquaculture, and the
state’ s unique resources in marine biology.

For asharper focus, the Policy Center made acase study
on the use of sea scallops (Placopecten magellanicus) for
aquaculture in Massachusetts. The study identified oppor-

Page 25

tunitiesfor, and critical deterrentsto, development of aquac-
ulture. It addressed regulatory problems, and prepared
educational materials for regulators, practitioners, and the
general public. Those problems and prosed solutions are
summarizedinTable2.

This is an exciting period for Massachusetts. Both
federal and state governments are re-examining the role of
aquaculture. They aregreatly interestedinactivitiesthat can
harm the sensitive marine environment, such aswaste treat-
ment, and in policy issuesinvolving environmental protec-
tionand economic devel opment. They need aclarification of
issues; they need to know about critical gaps in scientific
knowledge; and they need to find out what kinds of regula-
tions are appropriate. They also need a consensus among
environmentalists, scientists, coastal industries, and coastal
community officialsconcerningtheissues. Of critical impor-
tanceisthe communication between theindustry, thepublic,
and local, state, and federal officialswhose decisions affect
aquaculture. Thepublicisbest served when policy isbased
on sound, scientific information and a broad consensus.
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Table2. Problemsand proposed sol utionsfor reducingimpedi mentsto seascall op aguacul turein M assachusetts

Problem

Proposed Solutions

Unclearregulatory jurisdiction

Createaquacultural category, devel op processfor stateandfederal
interagency coordination, and devisecoordinated government
strategy for devel opment of oceans

Takeregional approachtofederal policy

Study approachesinother countries

Addressand changerol eof regional fishery management councils
over aguaculture, andallow statesto coordinateaquacultural zones

and management outsideof councils

Regulatescall op aguaculturethrough agricultureandfarmbureau,
not NOAA

Create" permittingflow chart” for potential scallopfarmers

Need moreresearchand developmentinall aspectsof cultivating
andharvesting

Createspecia stateandfederal zones, and managemanagement
plansfor aguacultural experiments

Closesomescallop bedsandreservethemfor aquacultural use

Shortageof capital for entrepreneurs

Providemorestart-upcapital; broadcast exampl esof successes,
especidly of fishermenswitchingtoaguaculture

Veryfewidentifiedaquacultural sites

Federal government shouldidentify and monitor sitesinfederal
waters

Devel oppolicy betweenfederal and statel egid ativesupport for
dting

Education needsfor entrepreneurs, regul ators, andinvestors

Developextensionservicefor aquaculture(e.g., inMassachusetts
Department of Foodand Agriculture)

Createanddistributeeducationmaterials

Biological barrierstogrowingscallops

Consider other species, suchassmall clamsthat may bemore
appropriateduetogrowthrate

Useexi sting recombinant DNA techniquesto mitigategeneticescape
fromcultured stocks

Wastesfromshellsand processing

Devel op cogeneration of productsandwastematerial

Gear regulationsdo not makesense

Develop consistency inregul ationof gear (e.g., cagesacceptedfor
lobstersbut not for scallops)

Requirestructural adequacy of aquacultural gear

Littlesupport for new aquacultural opportunities

Devel opclear meansof eval uating proposalsfor new aguacultural
effort, withcriteriafor scoring

Conflict betweenfishingand aquaculture

Devel op comanagement between aquacul tureandfishing
Devel op better tracking technol ogy toavoid conflictswithlobstering

Separateboat timefor aguacultural work fromrestrictionson boat
timefor harvesting/fishing
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