Appendix C.

Selected Foreign Experience with
Aquaculture

In several Asian countries, agll as Chile,Scotland, and Norway, a number fattors have
coalesced to foster tlivelopment of highlproductive aquaculture industries. Industchievements in
these countries hawme in thecontext of differenhatural resourcendowmentsyesource traditions and
political systems. Many of the sarfectors, including strong national leadership asapport, have
operated to create an interest in aquaculture development and to facilitate this development in each case, yet
industry experience of every country has been unigue.

JAPAN AND OTHER ASIAN NATIONS

The policies andtructure of Japan's aquaculture industry refleet of themost, if not the most,
effectively organized systems afuaculture anywherelapan hasorrowed extensively from technologies
developed in the Unite8tates to build &ighly sophisticated, diverse and compiegustry, based on a
variety of species and culture systendapan isnotable for its nationadommitment toaquaculture; its
system of industry-driven research and education;isneell-coordinated financing of private/public
activities in support of aquaculture.

Japan has ®ng history of marineaquaculturereflecting the relativescarcity of arable land for
traditional agriculture, and religious and cultupskferencefor fishover other meat. Aquaculture
production increased markedifter WorldWar 11, with the intensified production of high-priced species.
High marketdemand coupled withising prices, decreases in Japan's distant water fisheries, and strong
policy leadership by the Japanegeernment avariouslevelsare among theaeasons fothe success of
aguaculture.

Policy leadershiphas been expresseslia governmentprogramsdesigned to enhance marine
aquaculture, and kighly organized professione¢search and education systevhjch includes the most
extensive network of fisheries high schoaisd universities in the worldJapan's research program in
aquaculture is larg@ecentralized and emphasizes regional priorities. Coordination of public and private
research programs, and informatidissemination via extension workehnss acceleratatie rate of
commercial innovation.

Increasingly inJapan.fish farmers aregaining control of marine resources through ownership
rights, a trend which seems to be a necessary foundation for systematic future development of the industry.

Other Asian nations, includinghina, Indonesia, Taiwan, Thailand ahé Philippines alsbave
highly complexand successful industrieshich produce darge quantity of a broad range of specising
a variety of culture systems and technical practidgke Japanthese countries have a well-established
critical mass of human resources, a range of technical training avavablestablishedesearch and
extension systems, available capital for investment, and government departments that focus on aquaculture.
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CHILE

In South America, Childlustrates the recent amdpid development of a simpleubsector (based
largely on salmon) in a country with a natiooainmitment tocaquaculture, cheap labdow production
costs, abundamharine resources, and a diversified free magkenomy. In addition, Chile provides a
modelfor public/private sector collaborationanmmercializing applied researchaqguaculture ventures.
Such collaboration was institutionalizedth the establishment of Fundacion CHileCh), a successful
joint government/private sector research ventdrese mission is tmmcorporatenew technologiemto the
country's economy. FCh's aquaculture related activities haven been a key force in industry success.

Chile's success also rests the fact thatconditionsfor salmon rearingare ideal inits waters.
This, along with inexpensiviabor, helps to make productiocosts forsalmon rearing the lowest in the
world. Feedcosts are substantiallpwer in Chile than irmany other countries because of the ready
availability of fish meal. Under Chile's ideahter temperatures, ttieed conversiomatio isvery high.
The costs of smolts in Chile is approximately half what it would be in the United States.

The industry hadeen relatively free of problems in Chilend thegovernmentoffers strong
support. Chile has a very predictable site-approval process, with an ordeslgllaghefinedset of criteria
for judging a siteapplication; response is very quick. Under these conditions, marine salthoe has
increased tenfold since the 1980s.

NORWAY

Norway providesone of thebest examples of maj@qguacultural success the 20th century, a
success secured through large national investments, incentives, and longtetapment planning.
Norway also provides aexample of amaquaculture industry that diversifying from a single species
emphasis to new species and techniques.

A number of physical, biological, and social conditions were in place in Norwéavado the
development oftheir salmon farming industry: theatural conditions of idealsea temperatures and
sheltered sites; the social conditions of a declining fishery and rural unemploytaege; Gapital base and
favorable regulatory attitude; and support and positive cooperation by all legeleofment wereritical
factors.

Norway had a 100-year tradition of fish farming beforefits# experiments in net pen culture
began in the latd950s. Upuntil the early1970s,local citizens and communities hadrried out
independentirial and errorsalmon culture techniques. The eddymswere small, and family-built, -
owned, and -operated with little or no supportive infrastructure.

The government began activelgupporting aquaculture expansion to encourage coastal
development in remot@reas in 1973. By 197%almon productiomvasdoubling every twgears. By the
1980s, privatanvestment inaquaculture haéxpanded andupport industries had growrGovernment
support at all levels was also increasing.

The Ministry of Fisheries increased efforts to provide scientific information tddveters expand
intensive production and improve processing and marketing. N&tenal Veterinary Institute and the
Norwegian FistFarmers Associatiorecognized th@eedfor improved healtltare and cooperated toward
this end. Trial and error treatmemhethods were soon replaced with veterinary diagnostics and scientific
research.
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By the mid1980s, it wawery clearthat Norway washe leader and dominant producer of farmed
salmon in the world. Setbacks occurredt biological and technical solutions weseolving sorapidly
that production was outstripping @tojections for industry expansion. Norway dedféectively with
environmental problems and the recent marketing doséarmed salmon. Fundgere providedor basic
and applied research aimed at solving environmental problems and achieving production savings; marketing
efforts were increased.

Thus, despite seriousconomiclosses, the industiyas survived. Norwawill likely diversify in
the future using othemarine species)ew farming technologies and alternatisttategies. Foexample,
after extensive research in tipastfew years, halibut productionow isoccurring on dimited basis in
land-based facilities. Cod culture already provides opportunity fostiigking andenhancemerdand cod
farming appears to be part of the Norwegian fish farming future.

SCOTLAND

Aquaculture in Scotland provides an excellent case study of public/private collabordtualdp
an industry that has successfuislped revive a depresseaal economy. Eighty-five percent of theeas
with sufficient potentiafor fish farming inthe United Kingdonare located in Scotland's Highlands and
Islands. The major asset of tleisonomically underdevelopedea was abundantlean, and productive
marine water.

Salmon farming wagdentified as a potentiadconomic development toébr this area by the
Highlands and IslandBevelopmentBoard (HIDB), which early on provided financiahssistance for
research andevelopment, antbr pilot projects. The success of small farms set upeirWestern Isles
with the aid of HIDB provided a major breakthroughaguaculture andconomic development. A five-
year program introduced by tgevernment in thearly 1980awith financial assistance from the European
Community, solidified the role of salmon farming in tBeottisheconomy. Private growersvere also
investing inaquaculture witmew management technoladigy higher production potential. As smolt and
salmon production increased, indireotployment irancillary servicesleveloped, providing added growth
for the coastal regions. Without a favoralgievernment policy, provision @ublic research funding, and
development of needed support services, the industry would not have grown as rapidly or been as diverse.

When Scotland's salmon industry suffered from the collapse of global salmon markets in the late
1980s, substantial publiovestments were made in marketnegearch andevelopment. Similarlywhen
environmental problemarose the government worked with salmassociations to find solutions. Scottish
facilities and programs for education and training in aquaculture played a critical rélaveadtracted
worldwide attention.

Government regulatorgrograms have offered important assistance to the indpatticularly in
the area ofdisease controlWhile regulators are not alwaysewed as beingupportive, the industry has
been allowed to expand within an established regulatory structure.

CANADA

Canadian aquaculture isnmuch the same position 85S. aquaculture--successful culture sectors
areemergingputthe countryranks 27th irworld production. Alsdike theU.S.,the federal strategy is to
recognizethat aquaculture is a private sectottiative: "The principal responsibilitjor commercial
development willrest with the industry." Tosupport private aquacultudevelopment, the€anadian
Federal governmeriias established roles in reseatebhnologytransfer, and trainingmnaintenance of
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environmental qualityproduct safety and inspection; market services; and advocacy services (e.g., to
improve access to financing) (4).

Unlike the UnitedStatesthe Canadian Department of Fisheries and Oq&#fO) is designated
the lead agency aratjuaculture izonsidered a sector of the fishimglustry. The DFO hasstablished
joint industry-government Aquaculture Implementation Commiiées Canada'$ederal and provincial
governments have worked togetherstapport and plan aquacultudevelopmentthrough the use of
memoranda of understandifigOUs). However, thesare notfunding mechanisms and do not contain
provisions for funding allocation.

In general, thdevel of governmenassistance ilbw compared with theotal capitalrequirements
of Canadian aquaculture. No federal assistance prograntargetedirectly at the aquaculture industry.
General programs do existat might benefit salmomarmers, but fotthe mospart theseare small and
operate either as guaranteed loan or low-interest packages. kovegiment provides over 40 percent of
capital for British Colombia's salmon industry.

OTHER COUNTRIES

In addition to these countries, established and succesgfatulture industries exist Benmark
(primarily trout), Ecuador (shrimp), and in Brazil, Egypt, Israel and Jamaicfo¢aling on tilapia).
Several countries in Central Europe andNiear East, awell as BangladesAnd Nepal have successful
industries basenhainly oncarps. In all othese countries, technical, financial, and othgiportservices
are available, accessible, and well organized.

In a number of countries, aquaculture is an emergent subsector of the economy. Such countries are
typically still in the research amdkvelopmenstage. Ventures may be backedgbyernment or initiated
by a few small-scale farmers operating vgtivernmensupport. Over 70 countries fatto this category,
mainly in Africa, the Caribbean, Oceania, Centrainerica and the poorest and masid parts of the
Middle East. Inthese countriegquaculture may bergewinterest, and there may not be traditional local
markets for aquaculture productilatural resources for aquaculturay be lacking or markets may be
adequately supplied from wildources of seafood. There are typicdlw supportservices such as
educational programsxtension agents, credit systems and financial resourggsyernment departments
designated with responsibilities to oversegiaculture. Emergentsubsectors all lack a critical mass of
entrepreneurs, or primary producers, who have technical information and training.

SOURCE: Unless otherwise noted, information is derived from Andrea Katz, "International Examples of Success and Failure and Lessons for the United
States," contract paper prepared for the Office of Technology Assessment, June 1994 (Springfield, VA: National Technical Information Service, 1995)
as summarized by Susan J. Wunder, OTA contract writer/editor.



