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Foreword

As U.S. capturdfisheries are declining, interest imraquaculture is
again growing. Private,commercial aquaculture--the productionaofuatic
organisms (finfish, shellfish, and plants) bye or more individuals or
corporate bodiethat have owned therthrough all orpart of their rearing
period--is being considered for its potential to proeinigploymenandincome
to decliningcoastal andural communities, to help improve th&S. balance
of trade, and tgorovide consumers with a plentifidafe, and nutritious
protein source.

The UnitedStates lacks a strong national aquaculjpwicy and
supporting federal presence. Over tears,levels and focii ofagency
involvement inaquaculturelevelopment have shifted iesponse to legislation
and itsdiffering interpretations. The National Aquaculture Act (NAA), the
primary piece of aquaculture-related legislation, is slated for reauthorization in
1995 as part ahe Farm Bill. One issughatunderlies reconsideration of the
NAA and related legislation is the federal role in research and regulation of
this emerging industry.

Congress requested this Backgro®agper toprovide information on
technologyissues ofimmediate importance to th¢.S. aquaculture industry.
This is acompanion piece to the Backgrourdper orSelected Technology
Issues in U.S. AquacultureCommittees requesting the assessment were the
House Committee oMerchant Marine and Fisheries (since disbanded), the
House Committee on Agriculture aitel Subcommittee on Livestock, and the
Senate Committee on Governmental Affairs.

OTA greatly appreciatethe contributions of the Advisory Panel,
authors of contracted papeveorkshopparticipants, federal liaisons, and the
many additional people who reviewethterial forthereport orgave valuable
guidance. Theitimely and in-depth assistanaowed us to explore some of
the complex issues related to the federal robegjimaculture. Asvith all OTA
studies, the content of this report is solely the responsibility of OTA.

ROGER C. HERDMAN
Director
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HIGHLIGHTS

Privatecommercialaquaculture is practiced @veryU.S. State and territoryrdm Atlantic

salmon off thecoast of Maine to alligators in Louisiana to giant clamghenPacific islands
of Micronesia. Although as many as &@commonly citechquacultural specieewer than

10 species make up most OfS. aquaculturedood production: catfish, trout, crawfish,
salmon, hybrid striped bass, tilapia, and various molluscs.

Aquaculture products as a proportion of total seatmysumption is gradually risinfikely
reflecting increasing availability and favorable prices comparaddaaught seafood. This

may portend growing consumer recognition of the nutritional value of seafood in general and
confidence in thguality of aquacultured products in particul&topes for aquaculture as a
growth industry, especiallipr economically troubledural and coastatommunities, remains

high.

Federainvolvement inaquaculture is based primarily in three organizations: the Department
of Agriculture, National Oceanic and Atmospheric Administration (Department of
Commerce), and Fish and Wildlife Service (Department of Interior). Despite histoy of
debate over Federal agency roleaguaculture, and establishment of a coordinédtingy,
specific agency roles and responsibilities remain unclear.

Aquaculturereceived roughly60 million in financial assistance from the Fedeyavernment

in 1994. The U.S.Department of Agriculture was responsible for almost half, the
Department of Commerder nearly one-quarter, aride Department of Interidor justover
one-tenth (the remaining funds were allocated among 24 other ageritaes).Department
has research centers devoted in whole or in part to aquaculture development.

Most Federalfunding for aquaculture igirected to research, with substantially smaller
amountsdevoted toregulatory efforts and assistance programs. The DePartment of
Agriculture, whose aquaculturefunding rosel35 percent betweerd988 and 1994, is the
agency most active in commercauaculture research. Fundifg the other Department

rose substantially in the same period: nearly 100 percent for the Department of Commerce and
235percent foithe Department of Interior. The current resedate isvery diverse in terms

of funding mechanisms, areas of science, and cultured species.

Twenty Federal agencgrograms also may have potentfal providing support to the
aguaculture industry, mostly in the form of financial assistdroweever thesprogramshave
not been used by or directed to the aquaculture industry.
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Introduction

BACKGROUND land- and water-based production systems.

However, certain aqua-culture systems and

Aquaculture has a long history of supplying cert'ain species are con-centrated in geographic
protein and other products around the world, but'€gions (appendix B).

a short history of commercial production in the  catfish and trout, for example, are grown in
United States (box 1-1). Until the 1950s, pearly all regions of the country. However, by
aquatic species were produced mainly to supplyar the largest volume of catfish produced in the
fish restocking programs, to provide baitfish ypjted States is cultured in open ponds in the
and sportfish for fee fishing operations, and for Mississippi River Delta region. Seventy-five
direct family consumption; litle reached percent of cultured trout is produced in
commercial markets. Although trout had beenraceways beside the Snake River in Idaho (12).
produced for food since the turn of the century, sych concentrations occur, in part, because of
only with the advent of the catfish culture he growth rates of certain species in certain
industry did commercial aquaculture gain \ater temperatures. For example, the
visibility as a market forcé. warmwater channel catfish prefers water within

Hundreds of different aquatic species are26 and 30 C (78 to 86 F), while coldwater

produced in the United States, including variousf@inbow trout thrive in water temperatures
animal and plant ornamentals, species forPetween 10 and 16 (50 to 60 F) (26).

environmental remediation, industrial and  Regional concentrations also reflect avail-
pharmaceutical feedstocks, and products forapijity of land and water. Prior to develop-ment
biomedical research. Although as many as 30uf catfish culture, the Mississippi River Delta
are commonly cited aquacultural species, fewelyegion was used for marginally productive rice
than 10 species make up most of U.S.gng cotton farming (22) and had ample
aquacultured food production: catfish, trout, groundwater resources; transfer to an open pond
crawfish, salmon, hybrid striped bass, tilapia, system required relatively little capital
and various molluscs (appendix A). expenditure. The Hagerman Valley of the
Aquaculture is practiced in evety.S. state Snake River was largely undeveloped prior to
and territory, from Atlantic salmon off the coast {rout farming, and the plentiful springs provide
of Maine to alligators in Louisiana to giant a reliable source of water to route through trout
clams on the Pacific islands of Micronesia. laceways.
Production systems are similarly diverse, \yhjle shellfish are grown on all coastlines,
ranging from nearshore bottom "seeding” of net pen salmon production is concentrated in
molluscs to expansive open ponds to high-teChne northeast and the northwest. Culture of
water recirculating systems in warehouses tOyther marine species can be expected to
integrated systems cycling nutrients amongconcentrate in areas with water temperature
most suitable to the species (e.g., red drum in
the Gulf of Mexico).

1 For additional information on the historical development of .
aquaculture in the United States, $e®&. StickneyA History of TOday1 aquaCUIture is touted as the fastest

Agquaculture in the United StatéNew York, NY: John Wiley & growing segment of U.S. agriculture, based on
Sons, in press).

g10



2 0 Federal Involvement

Box 1-1: Definitions of Terms Used in This Background Paper

Definitions of certain terms used in the Background Paper are based on current common usage, or based
on the specific request of the congressional requesting committees (see discussion below).

Aquaculture : For the purposes of this analysis, aquaculture will include only production of aquatic
organisms (finfish, shellfish, and plants) that have been owned by one or more individuals or corporate bodies
throughout their rearing period. Practices that include controlled rearing of aquatic organisms during only one
part of their life cycle but that are exploitable at any time by the public as a common property resource (e.g.,
private ocean ranching, commercial and recreational enhancement stocking, and "fattening” of captured stock),
were excluded by request of the congressional requesting committees, and are not considered here.

Fish: Unless specifically specified, the term fish is used to include finfish and shellfish. It does not include
aquatic plants, reptiles, or amphibians.

Mariculture : Aquaculture operations that take place in nearshore or offshore waters. (Under this definition,
mariculture does not include on-land aquaculture using pumped or artificial seawater.)

Offshore Aquaculture:  Aquaculture operations that are undertaken in Federal waters of the Exclusive
Economic Zone, generally the zone from 3 to 200 miles off the coast of U.S. states and territories.

Seafood : Unless otherwise specified, the term seafood includes edible products derived from fresh- and
salt-water species.

Stock Enhancement : Programs designed to increase the stock of fish for exploitation by the public as
common property resources are considered stock enhancement programs. These may include efforts to
increase stocks for recreational or commercial purposes. Enhancement goals and programs are not included
in this analysis.

Discussion: Definitions

Differing definitions of aquaculture cause considerable problems with use of data and with determination of
the Federal role in aquaculture. A common definition of aquaculture would include propagation or cultivation of
any aquatic organism during any part of its lifecycle to increase population regardless of purpose. The Joint
Subcommittee on Aquaculture uses such a definition: "the farming of aquatic animals and plants" (14). Under
this definition, aquaculture presumably would include private for-profit production of organisms in controlled
environments, hatchery and release programs for profit or for common stock enhancement, and even
deliberate protection of wild populations from predators or other adverse influences. The JSA definition also
implies that aquaculture is a form of agriculture, while the National Marine Fisheries Service considers at least
marine aquaculture (mariculture) a specialized form of the U.S. fishing industry (36).

The National Aquaculture Act defines aquaculture as: the propagation and rearing of aquatic species (finfish,
molluscs, crustaceans, or other aquatic invertebrates, amphibians, reptiles, or aquatic plants) in controlled or
selected environments, including, but not limited to, ocean ranching (except private ocean ranching of Pacific
salmon for profit in those states where such ranching is prohibited by law).

Thus, the primary national aquaculture legislative language can be construed to include hatchery and
release programs conducted by individuals or corporations for profit, but not efforts designed to enhance
commercial fisheries, whether public or private.

On the other hand, the National Oceanic and Atmospheric Administration is mandated to use aquaculture
"to enhance stocks of fish and shellfish whose populations are below long-term potential yield due to
overfishing or habitat degradation" (37), expanding the definition beyond that of the National Aquaculture Act.
Conversely, the U.S. Department of Agriculture's Noninsured Crop Disaster Assistance Program defines
aquaculture species as "any species of aquatic organism grown as food for human consumption or fish raised
as feed for fish that are consumed by humans, and which is propagated and reared in an aquatic medium by a
commercial operator on private property in water in a controlled environment" (60 CFR 26669). Under this
definition, aquaculture includes neither private ocean ranching, stock enhancement, nor non-edible product
aquaculture such as ornamental fish production.

OTA's chosen definition of aquaculture is adapted from the definition developed by the United Nations Food
and Agriculture Organisation and accepted by much of the international community (32). Legislative
recognition of a single definition of aquaculture that could apply to all federal policies and programs would
significantly improve data collection and interpretation, and likely reduce unnecessary confusion.
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shellfish, and aquatic plants between 1980 andigh.

1990 (12). By 1993, USDA estimated that the

value of U.S. aquaculture products radched A BRIEF HISTORY OF FEDERAL
$760 million (8). INVOLVEMENT IN U.S.

Despite that auspicious cast, domesticAQUACuI‘TURE

aquaculture production accounts for only about  aquaculture-related hatcheries and fisheries

10 to 15 percent of the).S. seafood supply. research were spurred in the United States in the

Most still is provided by capture fisheries and |4te 19th century by sport fishermen lobbying
imports from other nations. (See appendix Cty arificial propagation of sport fish. This

for a brief despription of gquaculture policy and ission was shuttled among various federal
development in other nations.) organizations until it moved in 1939 to the
Origina”y’ a goa| of the domestic seafood neWIy created Fish and Wildlife Service (FWS)
industry was to increase seafood consumptiorin the Department of the Interior (29). In 1956
to 20 pounds per Capita by the year 2000. W|ththe mission was divided into the Bureau of
per Capita Consumption hovering between 145Sp0rt Fisheries and the Bureau of Commercial
and 15.5 pounds in the last several years, thigisheries. The former remained a charge of the
goal is now seen as unrealistic (10). SeafoodWS? and the latter was moved in 1970 to the

consumption is strongly affected by consumerNational ~ Oceanic  and  Atmospheric
perceptions of safety and quality, familiarity Administration (NOAA) and renamed the
and ease of preparation, and price. National Marine Fisheries Service (NMFS)

) o Thus, the FWS and NMFS share a common
DeSpIte the recent expansion in aquaCUIturenistory of aquacu|ture research and
production, pound-for-pound, seafood is more gevelopment.

expensive than beef, pork, or poultry products.

Further, consumers are more familiar with the ~ The first attempts at commercial aquaculture
latter; and brand-labels, generic advertisingWere in salmon ranching and trout farming at
CampaignS, convenience of preparation, and:he turn of the Century, but it was not until the
fast-food marketing accentuate the differences1960s that the federal government directed
(11). (For comparison, U.S. annual mapita  attention specifically at private, commercial
Consumption of meat (bone|ess equiva|ent) i5CU|ture. FWS laboratories for investigation of
approximately 187 Ibs. Major componemts:  fish drug clearance, fish genetics, and
turkey--14 Ibs/capita; chicken--47 Ibs/ capita; @quaculture of warmwater species were created,

pork--49 Ibs/capita; and beef--62 Ibs/ capita@nd research results were shared wlitts.
1).) Department of Agriculture experiment stations

_ and extension services to transmit to the
Aquaculture products as a proportion of total fgrmers.

seafood consumption is gradually rising, likely _

reflecting increased availability (e.gyear- Although Department of Agriculture (USDA)
round Supp|y) and favorable prices Com_paredand Land-Grant UnlverSIty scientists had been
to wild-caught seafood. This may also portend
growing consumer recognition of the nl'JtI'ItIOI’la! 2 At the peak ofits operations in the mid-1970s, the FWS
value of seafood in general and con-fidence Noperated nearly a hundred hatcheries nationwide. As of 1994, the
the quality of aquacultured products in FWS operated 73 hatcheries and nine fish health laboratories.
particular. Hopes for aquaculture as a grOWthMost FWSfisheries research centers/laboratories were transferred

ind iall £ icall to the National Biological Service in 1994. Legislative proposals
n ustry, especially or economically are under consideration to transfer some ak of these

aquaculture-related laboratories to tHé.S. Department of
Agriculture.
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conducting experiments and assisting farmersenvironmental  protection and  resource
with fish pond management for years, USDA's management legislation affecting  the
formal involvement in aquaculture began with development of aquaculture, involving still

the Saltonstall-Kennedy Act for Commercial more agencies in the development of
Fisheries (15 U.S.C. 713 et seq.) that in 1954aquaculture. The plethora of agencies,
required the Department of the Interior (DOI) to programs, and laws resulted in confusion and
conduct research and educational services to beonflict.

paid by USDA. The Fish-Rice Crop Rotation By 1980 one report identified 120 federal

Farming Program Act of 1958 (16 U.S.C. 778 tatutorv proarams havin ianificant impact
et seq.) also required cooperative work bysauoy programs having a signfica P

USDA and DOI. and created the FWS Fish O" development of aquaculture; however, less
Farming Experimental Station at Stuttgart, than one-hah;hreqw;edf ti dlre;;:tr_ctorr;pllaq_%e
Arkansas--the first center devoted expressly to  CoPONSE on the part of e cultuns (2). €

. 1978 National Research Council report
t of commercial lture. . . !
development of commercial aquaculture Aquaculture in the United States: Constraints

Also in the 1960s, concern grew over lack of and Opportunitiesobserved that "constraints on
a cohesive national ocean policy. The Strattonorderly development of aquaculture tend to be
Commission, created by the Marine Resourcegolitical and administrative, rather than
and Engineering Development Act of 1966 (33 scientific and technological” (19).
U.S.C. 1101 et seq.)ecognized aquaculture as
a coastal use that should be included in aNATIONAL AQUACULTURE POLICY
national ocean policy. The Commission also
recommended that an independent ocean agency The first major national aquaculture policy
be created, and be given the mission (amongill was the National Aquaculture Development
others) to advance marine aquaculture. TheAct of 1975 and 1976, which immediately
National Oceanic and Atmospheric engendered opposition from several of the
Administration (NOAA) subsequently was agencies involved in aquaculture. Most of the
formed in 1970 as a semi-autonomous agencytasks proposed already were being conducted by
within the Department of Commerce (DOC), these same agencies; thus, there w@scern
and assigned to develop aquaculture through thehat traditional programs were being challenged
National Marine Fisheries Service, its coastal(17). The National Aquaculture Development
zone programs, and the newly establishedAct of 1975 and 1976 was never passed.

National Sea Grant College Program. The 1976 United Nations Food and

Aquaculture was mentioned in detail in the Agriculture  Organization Conference on
National Sea Grant College and Program Act of Aquaculture prompted preparation of the
1966 (33 U.S.C. 1121 et seq.), which National Aquaculture Organic Act. The bill
recognized that "aquaculture, as with agricultureproposed the establishment of a national
on land,... can substantially benefit the United aquaculture plad,authorized appropriations of
States" (29). In fact, the Sea Grant Collegeapproximately $40 million for aquaculture
Program was specifically designed to mirror theresearch and development over a three-year
Land-Grant College program established for period, and established a $100 million loan
land-based agriculture, with teaching, researchguarantee program for the industry. At the
and extension services. time, this bill was considered the most

Following the formal designation of FWS
and NOAA as agencies with responsibilities for
aquacu“:ure, and during the gradual deve- 3 A national plan "todevelop programs and encourage
Iopment of aquaculture expertise in USDA. the activities which will coordinate domestic aquaculture efforts,

. conserve and increase the availability of fishery resources, and
Congress passed numerous pieces  Okreate new industries and job opportunities.”
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significant in the political development of U.S. sciences. This seemed to indirectly indicate
aquaculture. Although the bill attempted to conferral of aquaculture lead agency status on
unify the interests of government agencies,USDA, but the legislative language did not
industry, and researchers, opposition continuedspecifically state this (17).

The most widespread disagreemengarded
identification of a single agency to coordinate
and oversed).S. aquaculture activities. At the
time, the Departments of Commerce and
Interior were formally responsible for
aquaculture support and wanted to continue in
this role; the U.S. Department of Agriculture
did not advance itself as a lead agency (17)
The National Agquaculture Organic Act of 1976
was not passed.

Concern remained that, under USDA's
guidance, freshwater aquaculture would
monopolize federal support for aquaculture.
Marine aquaculture supporters pushed for
passage of the National Aquaculture Act of
1978 that designated DOC as the lead agency;
however President Jimmy Carter vetoed the
legislation because of its high fiscal demands.
The following year brought another attempt to
pass legislation designating Commerce as the

Several other bills were unsuccessfully lead agency. Although the 1979 hiduced
advanced between 1976 and 1980, including thehe amount of the financial support requested, it
National Aquaculture Organic Act of 1977 and was not passed by the Congress (17).
the Aquaculture Policy Act of 1977. The issue
of a lead agency continued to be controversial,
with some bills proposing DOC as lead agency
and others promoting USDA (17). Two
prominent analyses conducted by the
Congressional Research Service (33) and th
National Academy of Sciences (1978) called for
designation of a lead agency:

In September 1980, Congress reached an
agreement with regard to the future OfS.
aquaculture, and the National Aquaculture Act
(NAA) became law (U.S.C. 18.S.C. 2801, et
e@eq.). The Act states that it is "in the national
Interest, and it is the national policy, to
encourage the development of aquaculture in
the United States." The NAA gives principal

"Although ~ aquaculture has an active  yesponsibility for the development of U.S.
constituency, it has little political power  aquaculture to the private sector, but jointly
within the framework of interest groups  assigned three federal agencies aquacultural-

competing for government attention.  TO  re|ated responsibilities--the Departments of
insure a reasonable rate of development for Agriculture, Commerce, and Interior.
aquaculture, a uniform set of aquaculture

policies must be established. A lead agency The 1980 NAA only vaguely defined the
must direct, guide, support, coordinate, and be  responsibilities of each Department, stating that
responsible and accountable for activites they were to be determined based on prior law,

among the relevant federal agencies." (19). and "the experience, expertise, and other
appropriate resources that the Department of

Meanwhile, the Food and Agriculture Act of each such Secretary may have with respect to

1977 (7 U.S.C. 3101 et seq.) identifiadua- the action required _under the a'ctivity
culture as an area requiring a new federalconcemed.” Some six months earlier an
initiative, and included aquaculture among the Interagency Agreeme_nt was reached among the
basic functions of USDA. This gave USDA Depgrtments O.f Agrlcul_ture,_ Commerce, and
authority to expand into aquaculture activities, I"terior regarding “Designation of Areas of
but did not provide specific instructions or Responsibility in Aquaculture” (appendix D).
funding. The Act also designated USDA as the!n 9eneral, USDA was acceded responsibility

lead federal agency for research in the food and®’ résearch and support activities for private

agricultural sciences, and included aquaculture’®Shwater aquaculture, DOC was determined

in the definiton of food and agricultural responsible for marine and estuarine species,
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and the DOI was responsible for technical private sectors to achieve that poterftiallhe
research on freshwater finfish for recreationalfirst National Aquaculture Development Plan
and commercial purposes. All three agencieswas completed by the JSA in September 1983,
were to coordinate their work on anadromousproviding the first comprehensive federal
species (those migrating between fresh- anddentification of priorities in U.Saquaculture
saltwater). Provision for a waiver from this development.

division of responsibilities was made in case :
that "some crossing of these lines of division" The National Aquaculture Act of 1980 has been

would become "necessary to advance nationafeamhorized twice: as amended by the Natiqnal
objectives in aquaculture.” Aquaculture Improvement Act of 1985 (Public
Law 99-198) and as further amended by the
In addition to defining agency Food, Agriculture, Conservation, and Trade Act
responsibilities, the Interagency Agreementof 1990 (Public Law 101-624). Amendments to
contained provisions for coordination of federal the NAA have been relatively minor, with one
activities in aquaculture. The 1980 NAA  exception. The National Aquaculture
formally designated the Joint Subcommittee onlmprovement Act of 1985 specifically
Aquaculture (JSA) the coordinating body for all established the Department of Agriculture as
federal activities related to aquaculture (box 1-"the lead federal agency with respect to the
2), with a goal of increasing the overall coordination and dissemination of national
effectiveness and productivity of federal aquaculture information" and designated the
aquaculture research, transfer, and assistanc8ecretary of Agriculture as permanent chair of
programs.  Chairmanship of the JSA wasthe Joint Subcommittee on Aquaculture.
originally planned to rotate among Secretaries

of the three primary Departments. The current Secretary of Agriculture has

stated a strong commitment to Ug®uaculture
The Secretaries of the three relevantand supports cooperation among federal

Departments also were instructed to develop aagencies:

National Agquaculture Development Plan to | am committed to strong leadership by the

identify aquatic species with significant  pepartment of Agriculture  of Federal
potential for culturing on a commercial or other  programs  to  support the private  U.S.

basis (e.g., stock enhancement), and 10 qyaculture industry. . . The Department also
recommend actions to be taken by public and

4 During the political hearings through 1977 and 1978, federal
agencystaffs took the initiative to form an inter-agency group to
maintain communication with regard to aquaculture. They were
officially authorized as a subcommittee on aquaculture within the
Inter-Agency Committee on Marine Science and Engineering. 5 The JSA currently is revising the NationAlquaculture
Early in 1979, under the Committee on Atmosphere and OceansDevelopment Plan, to focus on the Federal government role in
and the Committee on Food and Renewable Resources, a new.S. aquaculture, and addressing opportunities research and
Joint Subcommittee on Aquaculture was appointed by the Federaldevelopment; regulatory framework; extension, education,
Coordinating Council for Science, Engineering and Technology. training, outreach, technology transfer, and communications and
It replaced the Inter-Agency Committee, but its goals, of information services; product quality assurance; aquatic animal
increasing the effectiveness of aquaculture research andhealth; new animal drug approvals; animal damage control;
development, were essentially the same (17). The Interagencymarketing, statisticsand economic services; export promotion;
Agreement formally recognized the Joint Subcommittee on financial services and incentives; and partnerships and improved
Aquaculture as the group most suited to coordinate Federalcoordination in support of aquaculture development. The JSA
activities in aquaculture. The National Oceanic and Atmospheric anticipates release of the revised plan in summer 1996 (21). The
Administration has suggested that th#980 Interagency National Oceanic and Atmospheric Administration has suggested
Agreement be updated to "reflect the current coordination that the JSAshould "put forward an interagency nationdan
protocols...(and) to reduce confusion and conflict over agencies'which recognizes the capabilities of each of the federal agencies,
responsibilities and functions" (36). which has not been adequately done to date" (36).
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Box 1-2: Joint Subcommittee on Aquaculture

The Joint Subcommittee on Aquaculture (JSA) was formally established in the National Aquaculture Act of
1980 to serve as a federal government-wide coordinating group to increase the overall effectiveness of federal
research, transfer, and assistance programs in aquaculture, and to provide recommendations for federal
aquaculture policy. The JSA operates under the National Science and Technology Council in the Office of the
Science Advisor to the President. While receiving no direct funding, the JSA generally is thought a model
coordinating mechanism for federal activities carried out by many agencies. The JSA is composed of the
following people or their representatives:

. Secretary of Agriculture (Permanent Chair)

. Secretary of Commerce

. Secretary of Interior

. Secretary of Energy

. Secretary of Health and Human Services

. Administrator of the Environmental Protection Agency

. Chief of Engineers, U.S. Army Corps of Engineers

. Administrator of the Small Business Administration

. Administrator of the Agency for International Development
. Chairman of the Tennessee Valley Authority

. Director of the National Science Foundation

. Governor of the Farm Credit Administration, and

Heads of other federal agencies as deemed appropriate by the Director of the Office of Science and
Technology Policy.

The JSA also has developed a number of Task Forces, Working Groups, and Steering Committees to help it
set priorities and coordinate federal activities in certain substantive areas deemed particularly important to the
future of U.S. aquaculture. These groups are composed of representatives of government agencies, private
sector organizations, and members of the scientific/academic community. Subject areas include:

. Aquaculture Information and Technology Transfer

. Aquaculture Statistics and Economics

. Aquaculture Waste Management

. Federal Legislation and Regulatory Activities

. Quality Assurance in Aquaculture Production

. National Aquatic Animal Health Management Strategy

SOURCE: Joint Subcommittee on Aquaculture, 1992

recognizes that other Federal agencies, development of programs and policies that
especially the National Oceanic and can support private U.S. aquaculture (6).
Atmospheric Administration, have strong

programs and interests that support both Specification of each Department's respon-

private and public aquaculture. The Depart-  gjpjlities, however, still requiresoncurrence

ment strongly supports cooperation and  among the three Secretaries and continues to be
collaboration with other agencies in the  pased on prior designation of respon-sibilities in
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law or by executive action, or the experiencethat specifically authorize, permit, or control
and expertise of each Departmént. aquaculture operations are found at the state

) ) level (18).
State Roles in National Aquaculture o _
Development States' policies, programs, and attitudes

towards aquaculture, however, vary greatly.
Some, like Hawaii, Florida, Maine, and
Mississippi  actively promote aquaculture
development. Others have developed state
olicies or even plans, but established few
Erograms to assist the industry. A few may

Congress' decision to give the private sector
responsibility for development of aquaculture in
the 1980 NAA was made, in part, in response to
prior independent establishment of university
research and extension programs and individua

state promotional programs (29). The 1983 qi5in fish and wildlife laws that directly

N"?‘“O”a' Aquacultu_re Develhopment Plan confiict with aquaculture development (box 1-
reiterated this, noting that "much of the )

increased production occurred prior to the

passage of the National Aquaculture Act Just as the aquaculture industry has sought
because sufficient incentive and motivation in recognition and support at the federal level, they

the private sector existed for the aquaculturehave actively sought governmental assistance at
industry to expand,” although it did the state level. Part of the current concerns of
acknowledge the contributions made by variousthe aquaculture industry reflect the uncertain

sectors of the federal government (15). and uneven treatment of aquaculture at the state

) level. Federal-level definitions and policy,
Also, Congress recognized that the statesg,. . proponents hope, would promote
rather than the federal government, have direchniformity in state and ' local regulations

responsibility for fish and wildlife policy and o ceived as unnecessary or unfair hindrances to
programs, and land and water use plann'ng'aquaculture development
including determination of priority uses for the '
coastal zone. Federal pre-emption of these
states rights and laws have been limited andcURRENT CONGRESSIONAL
controversial (34). States also interpret andINTEREST

implement many federal programs, including
many environmental and food sanitation laws .
(2,29). Finally, many states have createdrOIe in  U.S.  aquaculture focuses on

statutes that mirror federal laws such as thereauthorization of ~ present legislation,
National Environmental Protection Act and the deliberation over proposed new legislation, and

) reconsideration of the amount and allocation of
Federal Food, Drug, and Cosmetic Act econsideration of the amount and allocation o

i ) ' federal funds spent on aquaculture development.
requiring aquaculturists and others to complyln addition, significant reorganization and

with potentially more stringent requirements to mission realignment among federal agencies is

ermit development (25). In fact, most laws . )

P P (25) occurring and even more sweeping changes
have been proposed for the future. Such
changes are affecting agency roles,
6 The National Oceanic and Atmospheric Admin-istration has responsibilities, and commitments in

recommended that th&SA develop a formal voting structure to . .
resolve contentious issues. "The voting structure shgitd aquaCUIture and “kely will have even more

equal weight to all three lead agencies (Department of Agriculture, €ffect in the next few years. A great deal of
Department of Commerce, and Department of Interior). Further,auncertainty exists among some key agencies

dispute resolution escalation process for issues not resolved in th ; ihiliti
JSAsshould be developed. This procesfi help to resolve the about their future aquaculture respon3|b|I|t|es

confusion and conflict over agencies' responsibilities and (20)-
functions. Consideration should also be given to permanent
funding of theJSA for better coordinatioand consistency in

policy implementation over time (36).

Congressional interest regarding the federal
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BOX 1-3: Distinguishing Between
Wild and Cultured Product

As declining wild fish stocks come under
increasing protection (37), aquaculture
producers may be adversely affected by state
regulations designed to protect wild populations
of the same species. Fisherman are regulated
by laws that specify the size and number of
organisms they may possess, the season in
which they may be caught, and the waters from
which they may be harvested. States commonly
also have regulations governing the interstate
transport of aquatic organisms to protect against
the introduction of disease or injurious
organisms. Such laws may hinder aquaculture
production or reduce the sale of aquacultured
products, making it difficult for aquaculture to
supply markets no longer satisfied by wild
caught fish.

Organisms produced in aquaculture facilities
are not always exempt from restrictions
designed to protect wild resources. For
example, possession of striped bass was illegal
in the mid-eighties in Maryland due to a harvest
moratorium  (3). This regulation did not
differentiate between farm-raised and wild
caught fish. Similarly, cultured rainbow trout,
coho salmon, and white sturgeon raised in
Georgia were considered wild fish and
confiscated by state authorities in one case (30).
Even processed products may be prohibited
from sale to protect wild species: Ohio passed a
law that banned the sale of catfish nuggets
because there was no way to determine whether
the product was derived from farm-raised or wild
caught catfish (28).

When conflicts arise between aquaculture
producers and state resource protection
regulations, definitive methods for distin-guishing
wild caught organisms from cultured products
are needed. Several methods are available.
Morphological characteristics such as body
shape may be used to differentiate some
cultured organisms from wild-caught ones. For
example, cultured trout may have rounded
'‘bullet’ shapes and eroded fins caused by
abrasion from concrete tanks (27). Gene probes
have been used to differentiate striped bass
from hybrid striped bass (9) and organisms can
be physically or chemically marked (e.g., shell-
fish and salmon) facilitating identification. In
cases where differentiation is difficult,
maintaining records and extensive
documentation may also provide a method for
identifying and tracking cultured products.

However, states may choose to disallow
transshipment or sale of aquaculture
products even when they comply with
federal inspection and nationally-recognized
certification programs. For example,
Massachusetts has prohibited introduction
of clams beneath the states' size limit due to
concerns about creating a "black market" in
under-sized clams (23;24). This prohibits
sale of both seedstock and small clams in
Massachusetts by out-of-state aquaculture
ventures. In addition to reducing the
potential market for any out-of-state
producing firm, this also could prohibit
Massachusetts aquaculturists from
purchasing improved seedstock for grow-
out, potentially hindering their competitive
position. A number of states grant
aguaculture exemptions to certain seafood
product rules designed to protect wild
resources given certain assurances of their
source. A federally promulgated, nationally
recognized aguaculture product
identification system might assist states to
reduce these constraints to interstate
trade.The National Aquaculture Act was
slated for reauthorization in 1993but
agreement on certain provisions was not
reached prior to debate on the 1995 Farm
Bill. The Administration's 1995 Farm Bill
Proposal includes reauthorization of the
National Aquaculture Act with several
amendments (35). Also currently up for
reauthorization are the Regional
Aquaculture Centers, the National Research
Initiative, and other USDA programs that do
or could support aquaculture development.

7 During the 103d Congress, filglls that specifically
focus on aquaculture were introduced for legislative
consideration, but none becatagv. These bills focused on
providing a national aquaculture policy and on topics
specific to aquaculture research and development. Other
legislation considered during the 103d Congress that
mentions aquaculture include the Marine Mammal Protection
Act (aquaculture proposed as an activity that does not justify
harming or harassing marine mammals), the Clean Water Act
(proposed exclusion of aquaculture from new wetlands
regulations), the Magnuson Act (proposed that aquaculture
be excluded from regulations on fisheries), and Disaster
Assistance (proposed emergency loans to aquaculture farms
substantially affected by disaster).
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Determination of the future functions and
funding of the National Sea Grant College
Program, the National Marine Fisheries
Service, and the Fish and Wildlife Service
also are on the legislative agenda.

In addition, several Congressional
members have introduced or have expressed
interest in introducing new legislation to
address unmet needs of aquaculture
development in the United States. Several
proposed bills include provisions to enhance
marine aquaculture in largely through
NOAA's Sea Grant College Program and
Coastal Resources Management Program.
Other bills establish a national policy and
program for managing aquaculture
development in federal waters.

The debate over a federal role in and
home for aquaculture continues today.
Despite varied attempts to promote cohesion
and cooperation, federal agencies continue
to vie for aquaculture funding, program
lifetimes are uncertain, and aquaculturists
still seek a strong national aquaculture
policy and supporting federal presence.
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Federal Aquaculture Funds
and Primary Functions

OVERVIEW recirculating and offshore production tech-

The National Aquaculture Act authorized nologies.

funds to each of the three federal agencies for

the fiscal years 1981 through 1993 for the FEDERAL FUNDING LEVELS
purpose of carrying out its provisions. Despite
two subsequent reauthorizations (the National
Aquaculture Improvement Act of 1985, and the
Food, Agriculture, Conservation and Trade Act
of 1990), no federal funding has been

appropriated under the National Aquaculture - s ‘s60 million ($28.7 million, or 47

Act percent of the total), while the Department of
At least $60 million in aquaculture funding Commerce (DOC) spent 23 percent of the total
was distributed among 25 federal agencies in($13.9 million) and the Department of Interior
19941 An additional 20 programs may have (DOI) spent 12 percent of the total ($7
the potential of providing support to the million).4 Departments and agencies
aquaculture industry; in some cases, thesgesponsible for the remaining 18 percent ($10.7
programs are beginning to actively solicit million) include:  Department of Energy,
aquaculture projects (46). Agency for International Development,
, , . Environmental Protection Agency, Food and

Federal aquaculture funding arises as an |ssu®rug Administration,  National  Science

In discussions regarding many aspects Ofrq ngation, and Tennessee Valley Authority.
aquaculture. Some sectors of the industry assert
that there is insufficient federal funding for =~ From 1988 to 1994, federal funding for
research aimed at solving the industry'saquaculture increased by 75 percent ($26
immediate problems, such as aquatic animalmillion). This increase in spending occurred
health  (funding for drug approval),
biotechnology (funding for development of
improved stocks), and predation (funding for , _ - ‘
development of new technologies to diminish In 1994, approximately $6tillion was spent orJ.S. fish
'p g9 . hatcheries. The FistndWildlife Service spent $39.9 million, or
predationf Other sectors argue for increased g5 percent; the National Marine Fisheries Service Sast6
federal emphasis on research areas unlikely tanillion, or 30 percent; and the Bureau of Indian Affairs sgien®

; illion, or 5 percent (table 2-2).
be taken up by the prlvate sector, such as” 4 All annual expenditures for aquaculture presented here must

be viewed as approximations. OTA could not identify exact
amounts of federal funding devoted to aquaculture for several
1 Table 2-1 lists aquacultufeinding for 19 agencieseven reasons. Firsgquaculture may be included within sevdratiget
agencies were unable to separate out their aquaculture funding. categories for an agency making difficult to single out
For an analysis of aquatic health, biotechnology, and aquaculture expenditures. Second, aquaculture expenditures may
predation issues, se&.S. Congress, Office of Technology be summarized by different individuals in different ways from
Assessment,Selected Technology Issues in U.S. Aquaculture year to year. The variability in definitions, diversity in species and
(Washington, DC: Office offechnology Assessment, September techniques, and lack of uniformity in reporting, makes obtaining
1995). exact amounts impossible.

0130

In 1994, aquaculture received at least $60
million in financial assistance from the federal
government, excluding monies spent on fish
hatcheries (table 2-8).The U.S. Department of
Agriculture (USDA) was responsible for almost
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TABLE 2-1: Federal Funding for U.S. Aquaculture, 1988-1994

Dept Agency 1988 1989 1990 1991 1992 1993 1994
USDA Amsl $15,000 $60,000 $58,254 $0 $91,500 $113,173 $81,140
APHISZ 254,126 323,920 803,285 613,326 644,248 683,889 814,093
ARS/ERS3 2.4 million 3.3 million 4.3 million 5.9 million 7.2 million 7.1 million 7.1 million
CSREES? 9 million 10.3 million 10.3 million 16.6 million 16.4 million 18.8 million 19.5 million
FAS/ICD® 141,322 29,020 235,020 165,000 244,609 694,498 757,470
NRCS® 500,000 500,000 500,000 500,000 500,000 500,000 500,000
Total 12.3 million 14.5 million 16.2 million 23.8 million 25.1 million 27.9 million 28.7 million
DOC NMFS’ 2.5 million 4 million 6.5 million 7.7 million 7.8 million 8.8 million 10 million
sG8 4.5 million 3.9 million 4.3 million 4.2 million 4.3 million 4 million 3.9 million
Total 7 million 7.9 million 10.8 million 11.9 million 12.1 million 12.8 million 13.9 million
DOD ACOE? 1.7 million 1.1 million 180,000 0 0 0 0
DOE BPA 10 638,000 500,000 503,000 238,000 412,000 485,000 593,000
Bspll 1.2 million 1 million 400,000 200,000 400,000 500,000 600,000
Total 1.8 million 1.5 million 903,000 438,000 812,000 985,000 1.2 million
DOI Fws12 2.1 million 2.3 million 3.4 million 4.5 million 6.6 million 7.8 million 2 million
nBs13 5 million
AID AID14 2.5 million 2.5 million 3.4 million 3.6 million 3.5 million 2.5 million 1.5 million
EPA epald 500,000 500,000 500,000 500,000 500,000 500,000 500,000
HHS FDAL6 6 million 6 million 6 million 6 million 6 million 6 million 6 million
NSF NSFL7 394,000 824,000 203,000 186,000 319,000 321,000 1,089,000
TVA Tval8 0 0 0 2-3 million 200,000 400,000 500,000
TOTAL ===== $34.3 million $37.1 million $41.6 million $53-54 million $55.1 million $59.3 million $60.3 million

NOTES: Funding for the Agricultural Research Service (ARS) and the Economic Research Service (ERS) have been combined at the request of
ERS. Sea Grant figures include funding for the National Coastal Resources Research and Development Institute.

SOURCES: lHatamiya, L., Administrator, Agricultural Marketing Service, U.S. Department of Agriculture, personal communication, November
1994. “Langston, A., Animal & Plant Health Inspection Service, U.S. Department of Agriculture, personal communication, August 1994. “Michels,
K., Budget and Program Management Staff, Agricultural Research Service, U.S. Department of Agriculture, personal communication, July 1994;
Harvey, D., Economic Research Service, U.S. Department of Agriculture, personal communication, November 1994. 4U.S. Department of
Agriculture, Cooperative State Research, Education, and Extension Service, Current Research Information System, "Aquaculture Related
Research: National Summary for CSRS\SAES\OCI," February 1994; Jensen, G., Cooperative State Research, Education, and Extension Service,
U.S. Department of Agriculture, personal communication, October 1994; Broussard, M., Principal Aquaculture Scientist, Cooperative State
Research, Education, and Extension Service, U.S. Department of Agriculture, personal communication, November 1994; Jensen, G., National
Program Leader, Cooperative State Research, Education, and Extension Service, U.S. Department of Agriculture, personal communication,
October 1994. 5Wicks, R.J., Acting Director, Dairy, Livestock and Poultry, Foreign Agricultural Service, U.S. Department of Agriculture, letter to
M. Burkett-Yancey, Director, Legislative Affairs, July 1994; Beck, D., Foreign Agricultural Service/International Cooperation and Development, U.S.
Department of Agriculture, February 1995. “Teels, B.M., Wetland Staff Co-Leader, Natural Resources Conservation Service, U.S. Department of
Agriculture, personal communication, October 1994. 7’Parsons, D., National Aquaculture Coordinator, National Marine Fisheries Service, U.S.
Department of Commerce, personal communication, May 1994; Parsons, D., National Aquaculture Coordinator, National Marine Fisheries Service,
U.S. Department of Commerce, personal communication, September 1994 ($8.8 + $1.2 million--Fishing Industry Grant Program, i.e., the financial
assistance program for the New England Fisheries). 8y.s. Department of Commerce, National Oceanic and Atmospheric Administration, "The
National Sea Grant College Program Annual Report FY 89;" U.S. Department of Commerce, National Oceanic and Atmospheric Administration,
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almost entirely among the Departments of aquaculture research, 12 distribute funding for
Agriculture, Commerce, and Interior. Over this aquaculture support activities, and seven
seven year period, the Department of allocate resources to regulate the industry (table
Agriculture experienced an increase of 1352-3). The majority of aquaculture fund-ing is
percent (from $12.3 million to $28.7 million) in directed to research. For example, USDA's
aquaculture funding; Department of Commerce1993 total "system-wide" funding for
funding rose almost 100 percent (from $7 aquaculture research was at least $42 million
million to $13.9 million); and Department of (13,61)7

Interior had the largest percentage increase--235

percent (from $2.1 million to $7 millior). Congress has provided support programs to

address specific economic and infrastructure

Among the 25 federal agencies dedicatingbarriers to growth in the fishing industry, to
funds to aquacultural activiti€s, 13 fund traditional agriculture, and to small community
and rural development. Many support pro-
grams include aquaculture in their mandates;
National Sea Grant College Program, "Projects '90," Mad@81; U.S. other programs, while Currently not prOViding
Department of Commerce, National Oceanic and Atmospheric support to aquaculture, do not exclude aqua-
Administration, National Sea Grant College Program, "Projects '91," culture from possible Support (46)

February 1992;U.S. Department of Commerce, National Oceanic and

Atmospheric Administration, National Sea Grant College Program, At Ieast seven agencies regulate the aqua_

"Projects '92," February 1993j.S. Department of Commerce, National

Oceanic and Atmospheric Administration, National Sea Grant College CUIture mdustry. Certain agenCIeS' SUCh as the
Program, "Projects '93," July 1994; McVeyl., Program Director, Animal and Plant Health Inspection Service, the
Aquaculture, Sea GrantU.S. Department of Commerce, personal Natura| Resources Conservation Service, the
communication, February 199®)Ison, S.G.,Deputy Director, National Army Corps Of Engineers and the FOOd and

Coastal Resources Research and Development InstituteDep&rtment of

Commerce, personal communication, December @Béper,W.E., uU.s. Drug Adm|n|3trat|0n, have Clear fegU|a-t0ry
Army Corps of Engineers,U.S. Department of Defense, personal roles Concerning the aquaculture industry_
communication, February 19941.0Parsons, D.,National Aquaculture Other res onsibilities ma be heId 'ointI . fOI’
Coordinator, National Marine Fisheries Servidd,S. Department of p . y . J y’ .
example, the National Marine Fisheries Ser-vice

Commerce, personal communication, M&994; Gislason, J., Fishery

Biologist, Bonneville Power Administration).S. Department of Energy, and the Fish and Wildlife Service monitor bird
personal communication, July 199%.15prague,s., Manager, Aquatic and mamma| predation activity on aqua-culture

Species, Biofuels Systems Division, U3epartment of Energy, personal . . .
communication, March 1994.12Nickum, J., National Agquaculture Operatlons' The EnV|ronmentaI Protec-tlon

Coordinator, Fishand Wildlife ServiceU.S. Department of Interior, Agency has more diffuse responsibilities
personal communication, May 1994; Nickum, National Aquaculture relating generally to po"ution control and waste
Coordinator, Flshgn(j_ Wildlife SerwcgU.S. Department of Interior, managemerﬁ.

personal communication, March 195;??N|ckum,.].,Nat|onal Aquaculture

Coordinator, Fishand Wildlife Servicel.S. Department of Interior,

personal communication, _March 199154Rea, H.,Office of Agricultu.re, _ pOTENT|AL AQUACULTU RE
U.S. Agency for International Development, personal communication,
FUNDING PROGRAMS

September 1994).S. Agency for International Development, "The Status
of Fisheries and Aquaculture Development Assistance Programs,” August
1993.158astian, R., Environmental Scientist, Environmental Protection OTA identified 20 additional federal agency
Agency, personal communication, August 19914?Billy, T., Director, programs that m|ght have potential fOf
Office of Seafood, Food and Drug Administration, personal

communication, June 199&.7Mitchell, J., Senior Associate, Division of

Ocean Sciences, National Science Foundation, personal communication,

August 1994. 188ehrends, L., Tennessee Valley Authorityersonal

communication, May 1994. program is the US-Israel Science and Technology Grants Pro-
5in 1994, DOI funding for aqua-culture was divided between gram, initiated in 1995, for which funding is known) (box 2-1).
the FishandWildlife Serviceand the National Biological Service. 7 "System-wide" funding includes matching funds from
1994 funding decreased slightly from 1993 when DOI aquaculture federal and state agencies and a small contribution percentage
funding peaked at $7.8 million. from the aquaculture industry.
There are 19 agencies wikmown aquaculture funding 8 For further information, see Rubinil.C. and Wilson,C.A.,

amounts. There are six other agencies, as well as six programsissues in Aquaculture RegulatiBethesda, MD: Bluewaterk)c,
with unknown funding allocations to aquaculture (the seventh October 1993.
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AGENCY 1988 1989 1990 1991 1992 1993 1994
National Marine Fisheries $8.3 $9.3 $9.3 $10.3 $13 $9.6 $18.6
Service?
Fish & Wildlife Service® $12.5 $12.9 $14.1 $17.5 $40.6 $47.2 $39.9
Bureau of Indian Affairs® $3.7 $3.7 $4 $4.4 $3.6 $3 $2.9
TOTAL $24.5 $25.9 $27.4 $32.2 $57.2 $59.3 $61.4

a Funding for the Columbia River hatcheries.
b Funding for primarily salmonid production (90 percent salmonid; 10 percent nonsalmonid production).
¢ Funding for more than 100 fish hatchery operations on Indian reservations throughout the country.

SOURCES: (a) D. Parsons, National Aquaculture Coordinator, National Marine Fisheries Service, U.S. Department of Commerce, personal
communications, November 1993 and May 1994; "Committee Approves Plan which includes $18.6 Million for Columbia River Hatcheries,"
Aquaculture News 2(10):12, August 1994: (b) National Research Council, Marine Aquaculture (Washington, DC: National Academy Press, 1992);
J. Nickum, National Aquaculture Coordinator, Fish and Wildlife Service, U.S. Department of Interior, personal communications, May 1994 and
March 1995; and T.D. Royal, "Potential Sources of Federal Assistance and Financial Aid For Aquaculture,” unpublished contractor report prepared
for the Office of Technology Assessment, U.S. Congress, Washington, DC, July 22, 1994; (c) G. Rankel, Program Manager, Fish, Wildlife and
Recreation Program, Bureau of Indian Affairs, U.S. Department of Interior, personal communication, August 1994.

providing support to the aquaculture industry The programs identified as potential
(table 2-4). Programs have been selected basealjuaculture funding sources may not have been
on their potential to assist new aquacultureused by aquaculturists in the past for several
companies. For example, support programsreasons. First, the industry may beaware
aimed at farmers or fishermen may have thethat these programs could be beneficial to them.
potential of providing assistance to Thus, aquaculturists have made few, if any,
aquaculturists. attempts to obtain assistance from these
government programs. Second, the government
agencies themselves may be unaware that they
could provide assistance to the aquaculture
industry. Thus, government programs may not
be marketed to the aquaculture industry.

The four USDA programs identified focus on
loans and price suppofisand the eight DOC
programs identified generally address the
decline of fisheries or employment and capital
needs in rural communities. Departments that
do not currently fund aquaculture--the
Departments of Labor, Treasury, and HousingFEDERAL AQUACULTURAL
and Urban Development, and the Internal ACTIVITIES AND FUNDING
Revenue Service--may have the potential of
aiding aquaculture through grants, financing,
and tax credits. It is not known how much
money these programs could contribute to
aquaculture (47).

Federal agencies involved in aquaculture
research, support, and regulation are described
below. Under each department, the agencies are
listed in order of funding amount devoted to
aquaculture. If funding amount for aquaculture
is unknown, or spending for aquaculture is less
than $100,000 per year, the agency is listed
under the heading "Other."

9 The USDA aquaculture coordinator notes that there are
other USDA agencies, including under the mission areas of

Natural Resources and the Environment; Food, Nutrition, anj

Consumer Services; Food Safety; and Marketing and Regulato TABLE 2-3: Federal Agency AquaCU|ture ACtiVity

Programs that have programs that could be, but are not currenj Breakdown
applied to aquaculture (41).
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Category | Research | Support |Regulation The current research base is very diverse in
o CSREES CSREES  APHIS terms of funding mechanisms, areas of science,
Agencies and cultured species.
ARS FAS/ICD  NRCS
FAS/ICD APHIS ACOE In fiscal year 1994, USDA expended $16.5
NMFS AMS FDA million on aquaculture research.  Approxi-
SG cce NMFS mately $12.5 million in aquacultureesearch
i Sree Il was supported under Partnership Formula
NBS ERS EPA Programs (e.g., Hatch Act, Mclntire-Stennis
— v Cooperative Forestry Program, Evans-Allen
BSD FCA 2 .
Program)t2 Grants Programs (e.g., the National
BPA oJT e )
NSE RHCDS Research Initiative, Special Research Gralits),
TVA SBA and direct federal administration. For the most
ACOE part these funds are administered by the

Cooperative States Research, Education, and
Extension Service (CSREES). The Regional
Aquaculture Centers shared the remaining $4
million, which was divided evenly among the

five centers (box 2-2) (76). The USDA research

NOTES: See list of acronyms.
SOURCE: Office of Technology Assessment, 1995.

U.S. DEPARTMENT OF funding sources typically employ joint funding

AGRICULTURE (USDA) between CSREES and other federal agerdies,

Total 1994 USDA Aquaculture Funding: state agencies, and a few industry groups (12).
$28.7 million In 1993, total joint funding for USDA

aquaculture research was at least $42 million

aquaculture activities steadily increased by 135(13:61). The highest proportion ($23.8 million,
percent, from $12.3 million to $28.7 million or 57 percent) of aquaculture research funding

between 1988 and 1994. Whether this trendV@S allocated to aquatic animal health and
will continue in 1995 is unknow#? aquaculture production systems (61). The
species receiving the most joint fundimgere

catfish and marine shrimp ($9.6 million

U.S. Department of Agriculture funding for

USDA Research

The U.S. Department of Agricultu(&JSDA)
is the agency currently most active in
aquaculture research. Two areas in particular--
aquatic animal health and production systems--
receive the most aquaculture funding (B1).

12 The Animal Health and Disease Program is another
Partnership Formula Program listed by USDA's Cooperative State

10 yspa Secretary, Mike Espy, testified before the Senate Research, Education, and Extension Service (CSREH8hdmg
Appropriations Committee and outlined théSDA FY 1995 aquaculture research.
budget. In FY 1995, USDA is hoping to devote $17.9 million to 13 The 1890 Capacity Building Grants Program andShell
aquaculture activities. This would be a decline of 38 percent in Business Innovation Research Program are two Grants Programs
funding for aquaculture. Of this amount, $15.1 million is listed as other sources of funding for aquaculture research by
proposed for research, $2.3 million for extension stadistics, CSREES.
and $500,000 for disease control (76). 14 Contributing federal agencies include USDARS, NSF,

11 The Current Research Information Service identifies eight DOE, DOD, AID, NIH, HHS, NASAand TVA (12). See list of
research areas: Genetic Resources; Integrated Aquatic Animakcronyms.
Health Management; Reproduction, Growth, and Nutrition; 15 Other research areas: Genetic Resources; Reproduction,
Aquacultural Production Systems; Product Quality; Marketing and Growth and Nutrition; Production Quality; Marketing and
Economics; Other; and Unclassified. Economics; Other; and Unclassified.
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ES: See Appendix A for list of A

Agency/Program &

Focus

How Program Is Adaptable

Export
Enhancement
Program
(USDA)

Helps U.S. farmers compete with
products from countries that subsidize
production, especially the European
Union. Intended to challenge unfair
trade practices. Benefit is cash bonus
to qualifying exporter.

Aquaculture is not designated, but
there are policy guidelines for
selecting new commodities.

Federal Crop
Insurance
Corporation
(USDA)

Provides a source of cost effective
crop insurance for avoidable
production losses.

FCIC has underwritten the
inventory of aquaculture
operations.

Food and Nutrition
Service
(USDA)

Service provides artificial price
supports by purchasing surplus
production for federal food and
nutrition programs.

Service may purchase
aquaculture products.

Rural Business and

The financial assistance provided by

Making loans and grants available

Cooperative this program is designed to make rural | for infrastructure and working
Development areas more economically competitive capital for aquaculture projects
Service? and improve the standard of living of located in rural areas may
(USDA) its residents. improve the standard of living and
make areas more economically
competitive.
Business Available to individuals and private By providing loans and
Development corporations for financial assistance guarantees similar to the Small
Assistance of activities that create substantial Business Administration,
(DOC/EDA) new long term employment. aquaculture projects may be

developed in economically
depressed areas, providing long
term employment.

Fishing Vessel
Capital
Construction Fund
(DOC/NMFS &
IRS)

Assists fishermen in the construction,
repair, or purchase of fishing vessels.

May assist in building equity and
capital formation with before tax
dollars.

National Fish and
Seafood Promotion
Council

(DOC)

Established to strengthen the
competitive position of the U.S. in
domestic and international
marketplaces through marketing and
promotion.

The Council's mandate includes
promotion of aquaculture
products. However, funds have
never been appropriated for the
Council.
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TABLE 2-4: Federal Agencies/Programs with Potential For Providing Support To Aquaculture (cont'd).

Agency/Program &

Focus

How Program Is Adaptable

Office of
Sustainable
Development and
Intergovernmental
Affairs (DOC)

Created by the Secretary of
Commerce in 1994, the agency's
purpose is to protect fish stocks in the
New England area while minimizing
adverse economic impacts on local
fishermen. At least $60 million has
been allocated to the agency.

Aquaculture is being examined as
a potential area to finance for
oyster and clam culture mitigation
purposes.

Public Works and
Development
Facilities Grants
and Loans

(DOC & EPA)

Available for the improvement of
public infrastructure for the express
purpose of encouraging long term
economic growth in distressed
economies.

Possibility for aquaculture
oriented industrial parks or other
public infrastructure projects that
may provide long term
employment to low income
families.

Special Economic
Development and
Adjustment
Assistance
Program

(DOC & EPA)

Designed to assist localities that have
experienced sudden and severe
economic dislocation resulting in
actual or threatened unemployment.

Funds available in conjunction
with local government for
infrastructure and work force
training. May be applicable in
coastal areas where wild catch
fishermen could participate in
aquaculture programs.

Trade Adjustment
Assistance
(DOC/EDA)

Provides training and income
assistance to workers who have lost
their jobs due to federal trade policy.

May be an opportunity to retrain
commercial fishermen to work on
aquaculture operations. To
qualify, participants must have
been displaced by imports.

Non-competitive,
Discretionary
Grants

(boL)

These grants are made to
organizations to fund research and
development, and demonstration
projects, as well as provide technical
assistance and training.

May be a vehicle for providing
technology transfer and a trained
work force to areas
unaccustomed to aquaculture.

Overseas Private
Investment
Corporation
Programs (DOS)

Provides project financing and other
investor services overseas. While
providing economic assistance, the
program increases U.S. global
competitiveness and creates U.S.
based jobs by increasing domestic
exports.

Aquaculture may be eligible, as
an agricultural activity. May be
used to finance U.S. companies in
overseas production of species
not suitable to grow in the U.S.

Export-Import Bank
of the U.S.
(DOT)

Responsible for 1) assisting domestic
exporters compete in foreign markets,
and

2) facilitating commercial export
financing.

May be useful for aquaculture
producers of species with export
potential.




20 0 Federal Involvement

TABLE 2-4: Federal Agencies/Programs with Potential For Providing Support To Aquaculture (cont'd).

Agency/Program &

Focus

How Program Is Adaptable

Investment Tax
Credit
(DOT & IRS)

This tax credit is available as a
percentage of the cost of rehabilitation
expenditures on a certified historic
building.

There are numerous aquaculture
processing facilities and
warehouses located in coastal
communities in the U.S. that, if
rehabilitated, may qualify for this
credit and be suited for hatchery
and nursery phases, recirculating
systems, or processing.

Targeted Jobs Tax
Credit (DOT & IRS)

A tax credit for wages paid to targeted
groups, which are composed primarily
of the handicapped and those from
economically disadvantaged families.

May be a source of payroll
subsidy for operations located in
economically depressed areas
with qualifying employees (less
than 70% of the Bureau of Labor
Statistics lower living standard).

Community
Development Block
Grants (CDBG)
(HUD)

The program was established to
provide grants through state and local
governments to aid in the
development of viable communities.

The State and HUD Administered
Small City Programis the CDBG
grant program that may be most
suitable to aquaculture. Itis
designed to encompass
communities that are small and/or
rural communities. Loans are
made directly to for-profit
businesses to retain jobs and
maintain economic viability.

Fishing Industry
Loan Restructuring
Initiative

(SBA)

Intended to mitigate effects of
governmental actions (e.g., catch
limits).

May assist coastal processors to
convert from wild-catch to
aquaculture products.

504 Loan Program
(SBA)

Provides funding for Certified
Development Companies, which
make loans to companies that
promote economic development by
creating or retaining jobs, being
located in a distressed area, or
promoting minority business
development.

Aquaculture operations located in
economically distressed areas or
that could promote minority
business development may be
eligible for loans used for the
purchase, construction, or
improvement of fixed assets.

SOURCE: Office of Technology Assessment, 1995.
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Box 2-1: Agency Listingand Corresponding Aquaculture-Related Activity

U.S. Department of Agriculture
USDA Research

. Cooperative State Research, Education, and
Extension Service

. Agricultural Research Service

. Foreign Agricultural Service/International

Cooperation and Development
. USDA Support

. Cooperative State Research, Education, and
Extension Service

. Animal and Plant Health Inspection Service

. Foreign Agricultural Service/International
Cooperation and Development

. Agricultural Marketing Service

. Commodity Credit Corporation*

. Consolidated Farm Service Agency*

. Economic Research Service

USDA Regulation

. Animal and Plant Health Inspection Service

. Natural Resources Conservation Service

Department of Commerce

DOC Research

. National Marine Fisheries Service (NMFS)

. Sea Grant (SG)

. SG's National Coastal Resources Research and
Development Institute

DOC Support

. (US-Israel Science and Technology Grants
Program)

. (Fisheries Obligation Guarantee Program)

. (NMFS' National Training Branch Seafood
Inspection Workshops (e.g., HACCP))

. (Northeast Fishing Industry Grants Program)
. (US-Japan Cooperative Program in Natural
Resources)

NOTE: Agencies are listed in order of their funding allocation to aquaculture-related activities.

parentheses.
* Funding unknown.

Department of Interior
DOI Research
. Fish and Wildlife Service
. National Biological Service
DOI Regulation
. Fish and Wildlife Service

Food and Drug Administration--Regulation
Agency for International Development-Research
Department of Energy

DOE Research

. Biofuels Systems Division

. Bonneville Power Administration
National Science FoundationrResearch

Environmental Protection Agency-Regulation

Tennessee Valley Authority-Research

Other Agencies

Research

. Army Corps of Engineers

. (Small Business Innovative Research Program)

Support

. (Community Development Block Grants
Program)

. Farm Credit Administration*

. Office of Job Training*

. Rural Housing and Community Development
Services*

. Small Business Administration*

Programs are listed in
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Box 2-2: USDA Regional Aquaculture
Centers

In 1987 and 1988, five Regional Aquaculture
Centers (RACs) were established in the United
States: the Southern RAC administered througli
Mississippi State University; the Western RAC
administered through the University of Washington;
the Northeastern RAC administered through thg
University of Massachusetts Dartmouth; the North
Central RAC administered through a joint effort
between Michigan State University and lowa State
University; and the Tropical and Subtropical RAC
administered through a joint effort between the
University of Hawaii and the Oceanic Institute (75).

Under the direction of the Department of
Agriculture's Cooperative State Reseach, Education,
and Extension Service (CSREES), these regional
centers were created for aquaculture research,
development, and demonstration purposes. Since
their establishment, the Centers have conducted
nearly 100 regional projects; approximately 50 of
these projects have been completed. Projects are
selected based on priorities identified by the
aquaculture industry in each region and the Centers'
Industry Advisory Councils. Areas of priority
research include aquatic animal health and disease
control, genetics, finfish nutrition, domestication of
finfish and shellfish broodstocks, aquaculture waste
management, economics and marketing, production
technology, and aquaculture product quality and
safety. Recent annual appropriations have
averaged $4 million, which is apportioned evenly
among the five centers (64,75).

SOURCE: Office of Technology Assessment, 1995.

or 23 percent, and $5.1 million or 12 percent,

respectively) (623°

Cooperative State Research, Education, and
Extension Service (CSREES)

1994 CSREES Agquaculture Research
Funding: $17.7 million

The Cooperative State Research, Education,
and Extension Service (CSREES) is responsible
for USDA functions related to agricultural
research, extension, and education programs.
The Service seeks "to enhance the knowledge
and technology base necessary for the continued
growth of the domestic aquaculture industry as
a form of production agriculture” (12).
Aquaculture funding is allocated through
Formula Funds, Special Grants, and the
Regional Aquaculture  Centers (RACS).
Funding also is channeled through CSREES to
the USDA Office of Aquaculture, the director of
which chairs the Joint Subcommittee on
Aquaculture.

CSREES formula fund allocations are
provided to state governments, and competitive
grants are administered through the Aquaculture
Special Grant Program and National Research
Initiative (NRI). CSREES Special Grants are
provided to aquaculture research projects
considered of national importance by Congress,
and research in the private sector is supported
through the USDA Small Business Innovation
Research Program (SBIR). In addition,
aquaculture funding is provided through the
Regional Agquaculture Centers (RACs) for
university research and extension activities (13).

CSREES administers eight programs in
animal systems researh. In 1981,
aquaculture research was funded at the lowest

16 level of the eight animal commodity programs.

This excluded the category of "nonspecific," which .
receives the most funding. The nonspecific category cIassiﬁesFrom 1981 to 1991, fundmg for aquaCUIture

research programs that are broad and not specific to a particula{eseal’Ch increased by about 250 percent, the
species. Examples might include projects on aquaculture

marketing, water quality in aquaculture systems, closed system

design, and waste management in aquaculture systems. Also 17 Legislation (P.L. 103-354) irDctober 1994 authorized
projects that covered four or more species are classified in thisreorganization of USDA. The Cooperative State Research,
category because they have broad application and are not specieBducation, and Extension Servi€SREES) was created by
specific (14). Other categories of species: Trout, Other merging the Cooperative State Research Sei@8RS)and the
Salmonids, Crawfish, Oysters, Clams/Mussels, Striped Bass, Extension Service (ES).

Tilapia, Other Shellfish, Other Finfish, Baitfish, Plants, Other (e.g., 18 geet cattle, dairy cattle, poultry, swine, aquacultsteeep
alligator and snapping turtles), and Unclassified. and wool, other animals, and non-commodity specific.
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largest percent increase of the eight groups. IrForeign Agricultural Service/International
1991, aquaculture research was apportioned th€ooperation and Development (FAS/ICBE)

T o 1o 8 985! 1004 PASIICD Aquaculure Research
going : Funding: $500,000
Agricultural Research Service (ARS) The Foreign Agricultural Service/

International Cooperation and Development
(FAS/ICD) conducts collaborative research in
_ forestry and agriculture, including aquaculture,
As USDA's largest in-house research agencyyith other countries. The objective of research
the Agricultural Research Service (ARS) "has fynded by FAS/ICD is to obtain "new
major responsibilities for conducting and knowledge and technology beneficial to the
leading the national agricultural effort” (51). Its ynited States and cooperating countries" (63).
research mission is to develop new knowledgeFas/icD has five programs with aquaculture
and technology that will ensure an abundance Ofesearch components, including collaboration

high-quality agricultural commodities and \ith India, China, Israel, and Egy#.
reasonably-priced products. ARS focuses on

the development of technical information and USDA Support

products. The resgarch applies to a wide rang%ooperative State Research, Education, and
of goals, commodities, natural resources, fleldsEXtension Service (CSREES)

of science, and geographic, climatic, and
environmental conditions (51). 1994 CSREES Aquaculture Support
Funding: $1.8 million

1994 ARS Aquaculture Research Funding:
$7 million

ARS conducts aquaculturaesearch on
marine and freshwater species "of national and In additon to funding research, the
regional importance" (51). Research is carriedCooperative State Research, Education, and
out on quantitative and molecular genetics, Extension — Service (CSREES)  supports
breeding, nutrition, disease diagnostics anddevelopment and delivery of educational
control, water quality and use, and production Programs and provides technical assistance to
systems, as well as processing, off-flavors, food@quaculturists  through ~ the  Cooperative

texture and taste, packaging, food safety, andExtension System. Programs are implemented
value-added products (51). in partnership with federal, state, and county

levels of governmer® and provide for the
transfer of new science-based knowledge and
technologies to the aquaculture industry (28).

20 The Foreign Agricultural Service (FAGNnd the Office of
International Cooperation and Development (OICD) merged in
October 1994 to create the Foreign Agricultural
19 ARS was established dNovember 2, 1953, pursuant to  Service/lnternational Cooperation and Development (FAS/ICD).

authority vested in the Secretary of Agriculture by 5.C.301, 21 1) The Foreign Currency Research Progréti. 480)

Reorganization Plan No. 2 of 1953, and other authorities (51). includes research, such as genetic studies of marine shrimp
The research performed bARS is authorized by the between the University of Houston and India; 2) the International

Department of Agriculture Organic Act 4862 (7U.S.C.2201, Collaborative Research Program includes research, such as the

2204), the Research and Marketing Act of 1946, amended (7 paddlefish project between Kentucky State Univeraitgd China;
U.S.C. 427, 1621), the Food and Agriculture Act of 1977, as 3) the U.S.-Israel Binational Agricultural Research and
amended (U.S.C.1281 note), the Food Securifct of 1985 (7 Development Fund (BARD); 4) the Scientifiand Technical
U.S.C.3101 note), and the Food, Agriculture, Conservation, and Exchange Program; and 5) the AID-Funded Egyptian Program (1;
Trade Act of 1990 (7 U.S.C. 1421 note) (51). 6; 63%.

USDA reorganization dictated that ARfsorb the National 22 5ome of this funding may be directed to extension
Agriculture Library (NAL) and, thus, the Aquaculture Information activities funded jointly byCSREESand the Department of
Center (14). Commerce's Marine Advisory Services (MAS).
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CSREES funds various projects related toResponsibilities include counseling new
producer-based quality assurance programsentrants on the agricultural export business,
such as producing Hazard Analysis Critical helping companies identify and assess foreign
Control Point (HACCP) processing markets, demonstrating how potential exporters
implementation manuals. CSREES also hascan establish contacts with foreign buyers, and
initiated a worldwide computer database atproviding advice on the best marketing and
Purdue University called AquaNIC distribution approach for foreign markets
(Aquaculture Network Information Center), (46,63).
which serves as an online aquaculture network : ,
information center. In past years, CSREES has Two FAS/ICD programs directly benefit

. : : : aquaculture species. The Foreign Market
participated in some special grants projects for .
aguaculture extension, for example, a hybrid Development Program (FMD) provided The

. ; : . Catfish Institute (TCI) with 1992 funding for
S,\’/Itgfjg n dbaZE d ggti?épm;?gg a%nglgsixm?:ecatﬁsh market research in Japan and the United
technical series through a cooperative Kingdom (77). The second program is the

; . ; . Market Promotion Program (MP$)provides
agreement with the University of Georgia (29). financial  resources f?)r th((e pr())relotion of

Animal and Plant Health Inspection Service ~ aquaculture product exports.  Aquaculture
(APHIS) products promoted have included farm-raised
_ crawfish and catfish. For example, since the
1994 APHIS Aquaculture Support Funding: — iq 1980s, the Southern United States Trade
unknown percentage of $800,000  agsociation has received funds to coordinate
The Animal and Plant Health Inspection and conduct export promotions for catfish and
Service (APHIS) provides several animal andcrawfish in countries such as Japan, Sweden,
plant health protection services specifically to Norway, Finland, and the United Kingdom (77).
aquaculturists. The agency's Animal Damageln FY 1993, MPP funding for  seafood
Control provides on-site assistance with bird promotion totaled $8 million (17). The share
and mammal predation on aquacultural farms.devoted to aquaculture totaled $210,000
APHIS' National  Veterinary  Services (46,77).
Laboratories (NVSL) in Ames, lowa, provides _
diagnostic assistance such as veterinaryOther USDA Support Agencies

consultations for diagnosing infections and Other 1994 USDA Aquaculture Support
toxicological problems of aquatic organisms pFynding: each agency less than $100,000 or
(63). APHIS funding specifically targeted at amount spent unknown

aquaculture support activities is an unknown

percentage of its 1994 aquaculture budget of The Agricultural ~ Marketing  Service

(AMS) provides marketing assistance to
$800,000. aquaculture  through  the  Federal-State
Foreign Agricultural Service/International Marketing Improvement Program (FSMIP).
Cooperation and Development (FAS/ICD) FSMIP provides competitive matching grants

through the state Departments of Agriculture.
1994 FAS/ICD Aquaculture SUpport  qpiectives  of FSMIP include  analyzing
Funding: $240,000  arkets, improving  product  marketing,

The Foreign Agricultural Service/ overcoming marketing barriers, and reducing
International Cooperation and Development
(FAS/ICD) represents U.S. agricultural interests
overseas, including aquacultural interests. The 23 . \aret Promotion ProgrartMPP) succeeded the
agency assistdJ.S. exporters develop and Targeted Export Assistance (TEA) Program in E¥91 as

obtain information on foreign markets. authorized by the 1990 Food, Agriculture, Conservation and
Trade Act.
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producer and consumer marketing costs. Anproducers under the Crop Loss Disaster
example of an aquaculture marketing researchAssistance program designated in the 1990
study is "U.S. Trout Markets: A Survey of Farm Bill. CFSA funding of disaster benefits
Wholesale and Retail Distributors of Fresh began in 1992; however, specific funding
Water Farm-Raised Rainbow Trout" conducted amounts for aquaculture are unknown (44).

by the Idaho Department of Agriculture
(30,31,63). In 1994, the amount of AMS
funding devoted to aquaculture was about
$80,000 (26).

The Economic Research Service (ERS)
provides economic and social science
information and analysis to improve "the per-
formance of agriculture and rural America"

The Commodity Credit Corporation (63). ERS publishes reports analyzing fine-
(CCC) is responsible for protecting farm duction and demand for agricultural commo-
income and prices, maintaining sufficient dities. Specifically, the biannual "Aquaculture
supplies of agricultural commodities, and Situation and Outlook Report" provides
facilitating distribution of commodities. The information on the supply, demand, pricing, and
Corporation uses the personnel and facilities oftrade for aquacultural products (63).
the Consolidated Farm Service Agency (dis- ]
cussed below) and the Foreign Agricultural USDA Regulation
Service/International Cooperation and Devel- opnimal and Plant Health Inspection Service
opment to carry out its activities (39). There areapH|s)
two CCC programs that support aqua- )
culture.The purpose of the GSM-102 Export 1994 APHIS Aquaculture Regulation
Credit Guarantee Program is to facilitafeS. Funding: unknown percentage of $800,000
agricultural exports by providing U.S. lenders, The Animal and Plant Health Inspection
mostly commercial banks, with U.govern-  Service is responsible for licensing all veter-
ment guarantees. These guarantees encoura@gary biologics (e.g. vaccines, diagnostic Kits),
U.S. banks to extend credit to foreign banks. Inregulating biologic imports, and certifying
January 1995, USDA authorized $60 million in biologics for export and interstate transpor-
credit guarantees for sales WfS. agri-cultural  tation. APHIS also provides some export certi-
commodities to countries in the Central fication for aquacultured animai8. APHIS
America Regio?* under the CCC's Export funding specifically targeted at aquaculture
Credit Guarantee Program. Presently, $40regulatory activities is an unknown percentage
million has been allocated to this program. In of its 1994 aquaculture budget of $800,000.
March 1995, USDA amended provisions of the
program to include meat and aquaculture feed\atural Resources Conservation Service
as eligible commodities. One of the require- (NRCS)

ments of aquaculture feed is that it mustbee 1994 NRCS Aquaculture Regulation
tified as containing only U.S. ingredients (30). Funding: $500,000
The Consolidated Farm Service Agency The Natural Resources Conservation

(CFSA)?> disburses payments to aquaculture Service's (NRCSY role has evolved from a

24 Including Belize, Costa Rica, El Salvador, Guatemala,
Honduras, Nicaragua and Panama. 26 For further information, see Office of Technology Assess-

2517 October 1994, a new Consolidated Farm Ser&ipency ment, Selected Technology Issues in U.S. Aquacul{¥Wash-
(CFSA), also called the Farm Serviégency, took responsibility ington, DC: Office of Technology Assessment, September 1995).
for administering the farm functions of the Agriculture 27| October 1994, the new Natural Resources Conservation
Stabilization and Conservation Servi¢dSCS), the Farmer's  Service (NRCShbsorbedall programs of the Soil Conservation
Home Administration (FmHAYnd the Federal Crop Insurance Service (SCSpndall conservation programs of the Agriculture
Corporation (FCIC) (58). Stabilization and Conservation ServiqgdSCS), except the
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more traditional role of advising and assisting equaling 30 percent of the gross duty receipts
farmers to a newer role of regulatory are allocated to the S-K Program.

enforcement (57).With regard to aquaculture, In 1993, total duties collected on fishery

the primary objective of NRCS is tensure . o -
protection of the soil and water resource base.Imloorts were $204.7 million, and $61.4 million

This objective is accomplished through carefulggs trglilnsferred to dthe tSclf Tun?éﬁ?f) Atslcle<ast
resource assessment during facility planning _mifiion \gvas evoled to Tily-live S-

and construction. NRCS assists an initial prqects (50%° Eleven percent, or $711,000, of
resource assessment by furnishing data on wate g’;'ﬁble f;ndz_ were de\épt:aqb tto da?uaculture
guality and quantity, and soils. The agency also*™ ™ )- unding was distributed 1o seven

provides planning assistance, training Sessionsaqua}cplture research _projects; the  project
and field demonstrations (63). feceiving the most funding was a study on new

medications to support U.S. fish farming (42).

DEPARTMENT OF COMMERCE Sea Grant
(DOC) 1994 Sea Grant Aquaculture Research
Total 1994 DOC Aquaculture Funding: Funding: $3.9 million2®
$13.9 million The Sea Grant College Program,

administered through DOC/NOAA, provides
DOC Research funding for aquaculture research through

National Marine Fisheries Service (NMFS) approved Sea Grant institutions that provide

. matching funds. Projects are selected based on
1994 NMFS Aquaculture Researg?oFrL:]nltlj:)nr?. the strength of the individual participating
illi

institution, the issues of regional and, often,
The National Marine Fisheries Service national importance, and the priorities set for
(NMFS) is administered through the research, education, and service by the National
Department of Commerce's (DOC) National Sea Grant Office (69).
Oceanic and Atmospheric Administration
(NOAA). NMFS conducts aquaculturesearch
with its own funding, with other agency funds
(e.g., CSREES, National Science Foundation

and Bonneville Power Administration), and by 3) dhvsiol d endocrinoloav- 4 o
funding aquaculture research carried out by )P yslology and endocrinology; ) n_utrltlon,
5) disease/parasites; and 6) policy and

other agencies and universities (e.g., through .
Saltonstall-Kennedy grants). (See box 2-3 for atconomics. From 1988 through 1993, the
discussion on the NMFS Laboratories involved

in aquaculture research).

In 1993, 80 aquaculture-related projestye
funded. These projects are divided into six
categories: 1) aquaculture systems and
engineering; 2) genetics and selective breeding;

The Saltonstall-Kennedy (S-K) Program
provides research and development grants to
organizations that carry out projects (e.g.,
related to harvesting, processing, and marketing
of fishery products) generally benefiting the
fishing industry. The S-K fund is capitalized
through Co||ection’ under customs |aW5’ of 28 |5 1993, $55million of the S-K transferredunds was

; : : . appropriated by Congress to offset the appropriation requirements
|mport duties on fish and fish products. Funds of the Operations, Research, and Facilities (ORF) account. ORF is

NOAA's major appropriation (67).

9 This includes funding for the National Coastal Resources
Conservation Reserve Program (CRBhMd the Agricultural Research and Development Instit(téCRI), and may include
Conservation Program (ACP) (58). extension funding through the Marine Advisory Services (MAS).
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Box 2-3: NMFS Laboratories Involved in Aquaculture Research

The National Marine Fisheries Service (NMFS) has been involved in research and development programs
relevant to aquaculture for almost one hundred and 25 years. Today, each of four regional Fisheries Science
Centers supports several laboratories that specialize in research on species, production systems, and other
topics of particular import to that region. The Centers contribute to stock enhancement activities as well as to
the U.S. commercial aquaculture industry.

Southeast Fisheries Science Center: SFSC conducts research on identification of regional species for
development; spawning, reproduction, and hatchery techniques; and research designed to seek regulatory
approval of therapeutants for key marine species. Commercial aquaculture has particularly benefited from the
Galveston Laboratory's research on development of marine shrimp hatchery techniques, including the
"Galveston Method" of producing viable fertilized eggs. The Galveston Laboratory currently is conducting
shrimp aquaculture research on the effects of environmental factors, such as temperature and salinity, on
growth and survival of native shrimp species, and on natural and artificial diets for various shrimp species.

Northwest Fisheries Science Center. NWFSC conducts a variety of aquaculture research for freshwater and
marine finfish. The extensive public salmon hatchery system in the Pacific Northwest has required research
and development support from NWFSC for decades, particularly in the areas of fry and juvenile fish evaluation,
management of captive broodstock of endangered species, feed development, and disease diagnosis and
prevention.

The NWFSC established the Manchester Laboratory and companion facilities at Montlake and the University
of Washington's Big Beef Research Station to develop commercially viable culture systems for Pacific salmon.
Together these facilities have developed into a "center of excellence" for development of salmonid culture
systems. Although emphasis has been on salmon species, cooperative studies with University of Washington
scientists has allowed Center scientists to maintain expertise in marine fish and shellfish culture, including
rearing a number of native species through a part of their life history.

Northeast Fisheries Science Center. Techniques for bivalve and algal culture developed at the Milford
Laboratory in Connecticut are used worldwide by the shellfish aquaculture industry. In addition to extensive
work on basic shellfish biology and reproduction, the Milford Laboratory has begun research on marine finfish
species with culture potential. The Narragansett Rl laboratory has a twenty-five year history of rearing marine
finfish species to at least larval stages. At present, research studies are concentrating on cod and haddock as
potential aquaculture species.

Alaska Fisheries Science Center. Three year-round research stations have freshwater and marine
aquaculture research facilities (Little Port Walter, Osprey Bay, and Auke Creek). Current work is focusing on
salmonid genetics, broodstock development, hybridization, and research on life histories.

SOURCE: Unless otherwise noted, information is derived from J. Erbacher, International Trade Specialist, National Marine
Fisheries Service, National Oceanic and Atmospheric Administration, U.S. Department of Commerce, Silver Spring, MD, fax
memorandum, “Information on NMFS Fisheries Science Center Labs," to the Office of Technology Assessment, U.S. Congress,
Washington, DC, August 31, 1995.

two categories, "physiology and endocrino- California. In 1993, 40 percent of Sea Grant
logy" and "genetics and selective breeding," projects (33 out of 80), accounting for 45
received more funding than other project areagpercent of total funding, took place in these
(40 to 60 percent of total funding) (69,70,71, states (69,73).

72,73). .
73) The National Coastal Resources Research

Traditionally, salmon, marine shrimp, hard and Development Institute (NCRI) is
clams, and oysters have received the greatedederally funded, and university-based. It has
species' research emphasis. Algae research al$ts own legislative mandate, but is neither an
has been funded at high levels (69). The largesagency nor a private, non-profit entity. NCRI
aquaculture programs, in terms of dollars reports and is administered by the National Sea
allocated and project numbers, have beenGrant Office on a year-to-year basis. As in
carried out in Hawaii, Texas, Washington, and years past, NCRI was zeroed out of NOAA's
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proposed budget for the upcoming fiscal yearraising the amount of project money to roughly
(1996), and its future is uncertain. $6 million (3,4,53).

NCRI promotes public and private sector Other DOC Support Programs

partnerships to implement advances in
sustainable development and to increase the Other 1994 DOC Aquaculture Support

competitiveness of  American coastal Funding: each agency less than $100,000 or
businesses. Since 1986, NCRI has funded 33 amount spent unknown
aquaculture development projects in 15 states. The Fishing Obligation Guarantee (FOG)
These projects are designed to facilitateProgram32 administered by NMFS, enables
commercial ventures of economically important fisheries interests access to the bond and
species of finfish, shellfish, and seaweeds.institutional investment market. By bearing all
Most of NCRI's research has been directed atredit risk, the Program guarantees private
new production technologies, although severallenders that loans for the construction, repair, or
projects have addressed legal and industrypurchase of commercial fishing vessels will be
financing issues. In 1994, funding devoted torepaid. Aquaculture was specifically included

aquaculture was $205,000 (40). in this program by the National Oceanic and
Atmospheric Administration Act of 19%E. All
DOC Support structures as well as equipment and land for
US-Israel Science and Technology Grants aquaculture are included. A significant amount
Program of the Program's fiscal year 1995 credit

authority ($25 million) may involve aquaculture
1995 US-Israel Grants Program Aquaculture (23,68).

Support Funding: $1.5 million3°

In 1993, President Bill Clinton and Prime
Minister Yitzhak Rabin established the US-
Israel Commission to strengthen both countries
private- sector economies by promoting
collaborative high-technology research. For the
first US-Israel Science and Technology Grants
Program, more than 100 proposaisere
considered! Three grants were awarded; one
grant involves two U.S. and twdsraeli
companies in a joint aquaculture technology
venture. The four-year project, "Year-Round
Production of High Performance Offspring for ?’2 The program is authorized Hjtle XI of the Merchant
Rearing in Aquaculture," will focus on Manrée Act of 1936, as amended (46 U.S.C 1271-1287%eq).

. . . . Section 304 ofPublic Law 102-567 amended section
developing new fish and shrimp breeding and;01 of the Merchant Marine Ac1936 (46 App.U.S.C.
rearing technologies to promote efficient year- 1271(k)), broadening the definition of the term "fishery facility" to
round production of farmed seafood. In include any building, land, equipment, or vessel used for

. aquaculture purposes.
February 1995’ It was a_n_nounced that t,he 34 The Hazard Analysis Critical Control Point (HACCP)
aquaculture technology joint venture Will system identifies possible seafood spoilage hazards, puts systems
receive approximately $3 million in government in place to prevent the hazard, and finally, establishes methods for
grants split evenly among the four companies documenting the hazard prevention procéssluly 1992 NMFS
’ ‘launched a voluntary, seafood inspection program based on
The partners must match the grant money1HACCP principles. In January 1994, the Foadd Drug

Administration proposed to mak¢ACCP systems mandatory for
all seafood (66). In 1995, the European Union announced its
30The first year of funding for this program will be 1995. intent to require alseafood products produced for export to the
1 Proposals were from a variety of fields, such as aerospace,European Union on or after January 1, 1996, to be processed
pharmaceuticals, electronics and health care. using HACCP controls (22).

The National Training Branch is the
training and education arm for NMFS' Seafood
Inspection Program. This branch of NMFS
provides training services for NMFS inspection
personnel, a variety of seafood education
workshops for the industry (e.g.Hazard
Analysis Critical Control Point workshop%),
and specialized programs for retail and food
service professionals (2).
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The Northeast Fishing Industry Grants commercial aquaculture has been included in
(FIG) Program, administered by NMFS, this analysis.
addresses the most pressing needs of fishermen
affected by the decline of traditional fisheries in DOI Research
the Northeastern United States and by federakish and wildlife Service (FWS)
regulatory actions. Fishermen, who require )
assistance in developing alternative em- 1994 FWS Aquaculture Research Funding:
ployment or new business opportunities, may $2 million
obtain grants to address employment impacts In FY 1994, most of the fisheriggsearch
associated with reduced fishing opportunities. centers/laboratories under Fish and Wildlife
NMFS indicates that aquaculture may be Service (FWS) jurisdiction were transferred to
considered an alternative employment optionthe National Biological Service (NBS). Those
for these displaced fishermen (19). laboratories that remained under FWS authority
became known as technology centers. The
. purpose of these centers is to conduct applied
gram in Natural Resources U.S. andlapanese dfesearch to support theWS fish hatchery

counterpart panels on aquaculture were forme 1 tem. For example. the Bozeman laborator
in 1969. The panels include spe-cialists from isy conductin res%a;ch on fish feeds fory
the federal departments most con-cerned with g

aquaculture. Efforts have focused on threatened and endangered species brought into

exchanging aquaculture-related information thatcapt!wty. Flndlngs may be useful to both the
could benefit both countries (65). public and private aquaculture sectors (38).

Under DOC'sUS-Japan Cooperative Pro-

FWS also administers Dingell-Johnson
DEPARTMENT OF INTERIOR (DOI) funding to state fish and game departments for

Total 1994 DOI Aquaculture Funding: $7  Projects relating to management and restoration
million of any species that has material value to sport or

The Fisn ana widife Senvce (FWS) TSRO Isheres Fundn fas heen race
participates in several aquaculture-related val pectiically no'p

activities. The agency conducts aquacultureOf fish management or culture affecting fish
research, provides private sector serviced S>0Urces (46).
(including fish health inspections at fish farms), , , _ _
and contributes to the salaries of the nationafNational Biological Service (NBS)
and regional aquaculture coordinators. Since its
inception in 1994, the National Biological 1994 NBS Aquaculture Research Funding:
Service (NBS) has conducted research $5 million
applicable to aquaculture (37).

The National Biological Service (NBS)
conducts research relevant to aquaculture at
3many of its laboratories. However, the NBS

The Department of Interior (DOI) also has an
extensive hatchery system; in 1994, almost $4

million was devoted to hatchery producti@ee budget does not list aquaculture aseaearch

table 2-2). The Fish and Wild-life Service spent area; the federal hatcheries are the focus of most

almost $40 million operating hundreds of \gg |aborat h related t It
federal fish hatcheries; and the Bureau of Indian(?)g)S aboratoryresearch related to aquacuiiure

Affairs dedicated almost $3 million to oversee
at least 100 fish hatcheries on Indian
reservations. The fish hatchery sys-tem is
beyond the scope of this analysis; how-ever,

hatchery research with applications for 35 Dingell-Johnson funding was authorized by the Federal
Aid in Fish Restoration Act of 1950 (16 U.S.C. 777-777K).
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Several NBS laboratories target aquaculture The FWS also is responsible for enforcing
species and topic areas. The Fish Farminghe Lacey Act of 1981, which protects
Experimental Laboratory in Stuttgart, Arkansas indigenous species and prevents trade of
conducts research targeting cultured speciesthreatened and endangered speieShe Act
such as catfish, baitfish, and minnows. Thehas been used by some state governments to
Southeastern Fish Cultural Laboratory in prevent the culture of aquaculture species that
Marion, Alabama also conducts research onthe state considers a game fish, or a threatened
aquaculture topics, such as factors limiting or endangered species. State governments also
commercial fish farming (378 have used the Act to prevent importation of
potentially "injurious" certain species (e.g.,
grass carp) (48). Funding for enforcement of
the Lacey Act with regard to aquaculture is
unknown.

The National Fisheries Leetown Center
conducts multi-disciplinary research germane to
aquaculture at laboratories in West Virginia,
Idaho, Pennsylvania, and New York. Recent
research projects have focused primarily on
striped bass and salmonids (33). The Nationa-OOD AND DRUG ADMINISTRATION
Fisheries Research Centers in Seattle,(FDA)

Washington, and LaCrosse, Wisconsin, conduct  1otal 1994 FDA Aquaculture Funding: $6
hatchery research pertaining to fish culture and

health, focusing on issues such as drug and-p Regulation
chemical approval (38).

million

The Food and Drug Administration (FDA),
DOI Regulation administered by the Department of Health and
Fish and Wildlife Service Human Services, is the primary authority in
1994 FWS Aquaculture Regulation Funding: setting . and enforcing regulatory guidelines
$30.000 concerning food safety. Agency resources are
' dedicated to research, and surveillance
Fish and Wildlife Service (FWS) regulatory (inspections) and compliance (training). FDA
funding is spent on aquaculture-related s responsible for monitoring and regulating the

predation-kill permitting (issuance of permits yse of drugs in aquaculture (8,63).

for killing birds and mammals that depredate ] ] ]
aquaculture facilities). There is no central FDA published proposed regulations in 1994
database or uniform reporting procedures to®quiring much of the seafood industry to adopt
track FWS kill permit data; data is reported Hazard Analysis and Critical C_ontrol P0|r_1t
separately from each region. The majority of (HACCP) procedures. In addition, FDA is
funding has been spent in two areas: field Workrespon_smle for evaluating state she_llflsh
and investigations, and permit issuance andS@nitation —programs under the National
administration. A third category was hearings Shellfish Sanitation Program (NSSP), which is
and appeals. The majority (65 percent, or? cooperative federal-state-industry effort (59).

$20,777) of FWS regulatory funding was spent  Fpa estimated its 1994 aquaculture budget
in Region 5 (the northeastern United States). Ing pe 15 percent of its total seafood-related

contrast, Region 7 (Alaska) spent no monies ongnnual budget® In 1993, $1.95 million was
regulatory activities (9,10,1%y.

38 Title 16, U.S.C. 3371
36 Both of these laboratories are currently under legislative 39The FY 1994 FDA budget for adeafood activities i$40.5
consideration for transferal to USDA. million. A conservative estimate of the seafamhsumed in the
7 For a discussion of kil permitting, sdé.S. Congress, United States that is aquaculturally grown is 15 percent. FDA
Office of Technology Assessmer8elected Technology Issues in uses these figures as an index to roughly say that $6 million per
U.S. Agquaculture (Washington, DC: Office ofTechnology year of the $40.5 million is spent on aquacultymoduced
Assessment, September 1995). seafood (8).
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spent specifically on aquaculture in the Honduras, Rwanda, and Thailand--were
following three areas: research on drugs, colorinvolved (60).
additives, and pesticidé8;pesticide and drug

surveillance and compliance; and petition pEPARTMENT OF ENERGY (DOE)
review.  Sixty-six percent of these funds

targeted drugs (8). Total 1994 DOE Aquaculture Funding: $1.2
million

AGENCY FOR INTERNATIONAL DOE Research

DEVELOPMENT (AID) TheBiofuels Systems Division (BSDyf the

_ Department of Energy (DOE) has spent $4.3
Total 1994 AID Aquaculture Funding: $1.5  mjjlion over the last seven years (1988-1994)
million  on a focused energy-aquaculture project. In
AID Research 1994, funding was $600,000. Since 1982, this
The AID Bureau for Research and Division has worked on developing
Development (BRD), within the Agency for technologies to transform aquatic biomass
International Development (AID), funds (plant material and waste products) into
aquaculture research @tS. institutions. BRD alternative liquid fuels for transportation. For
supports U.S. institutions linked tparticular ~ example, one study investigated the production
subject areas and/or geographical regionsof diesel fuel from the mass culture of
through cooperative agreements. U.S. microscopic algae (52,74).
institution expertise is applied to foreign
technical services in specialized areas, such as,
aquaculture (60).

The primary goal of the BSD program is to
duce the cost of alternative fuels to
competitive levels by the year 2000. The
AID's Collaborative Research Support technical plan for 1992 through 1996
Program (CRSP) provides a forum for concentrates on two major areas: land and
researchers fror.S. institutions to work with  water-based biomass production systems, and
other experts on global issues affectingthe biological and thermochemical conversion
development. From 1982-1990, one CRSPof biomass feedstocks (74).

gggg dhad ?o total rgjsr:ade;?gh of $(1)%'3 m:)lltl)(;r& Bonneville_ Power Aglministration (BPA) is
dynamics/aquaculturé. The project's purpose a'feqleral entity, administered by DOE, set up to
was to define aqua{culture‘s potential as adlstrlbute power generated at federal dams on

the Columbia River. From 1988 to 1994, BPA
dependable source of employment and

. ) . , provided funds for salmonid research and
inexpensive animal protein. Seven U.S.

institutiong2 and three develobing countries- restoration conducted by the National Marine
bing Fisheries Service (43). In 1994, BPA funding

for aquaculture was approximately $600,000;
$460,000 was spent on the NMFS Redfiske

40 ; i . :
Research was conducted mtg the. metabolism of Sockeye Salmon Captlve Broodstock Rearlng
aquaculture therapeutants and pesticides, into methods for

detection of parent compound residues, and into the metabolites,‘and Research PFOjeCt, and $133’000 was Spent
from therapeutant, pesticide, and feed additive use. In additon,0n the NMFS Cle Elum Sockeye Restoration
there are specific field compliance assignments issued from theproject (25)_
Center for Food Safety and Applied NutritigfCFSAN) for
aquaculture drug residue testing in domestic and imported
aquaculture produced foods.

1 Breakdown: AID contribution, $7.449; university match,
$1.668; host country contribution, $2.218.

2 Oregon State University (management entitgyburn
University, University of Hawaii, University of Michigan, and the Consortium for International Fisheries and Aquaculture
Michigan State University, University of Arkansas at Pine Bluff, Development.
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NATIONAL SCIENCE FOUNDATION contaminants (59). EPA regulates discharges of
(NSF) pollutants into U.S. waters under the Clean
, Water Act, requiring a National Pollutant
Total 1994 NSF Aquaculture Funding: $1.1  pigeharge Elimination System (NPDES) permit
million ¢4 point source discharges. Since 1979, when
NSF Research regulations for "concentrated aquatic animal
The National Science Foundation (NSF) hasproduction facilities" were published (48), most
a Small Business Innovation Research (SBIR)aquaculture facilities discharges are under the
Program that annually solicits research regulatory oversight of EPA.
proposals from small business firms on
scientific or engineering issues that could lead
to public benefit. NSF receives about 2000
SBIR proposals annually and funds more than
200 of them (35).

EPA has six programs related to aquaculture
regulation: 1) pollutant discharge permits, 2)
pesticide registration, 3) water quality/effluent
guidelines, 4) waste water treatment, 5)
wetlands management, and 6) residual wastes.

Aquaculture proposals are a very small These programs focus on permitting,
portion of NSF's SBIR Program; however, it is registering, and setting specific guidelines for
the major means of NSF aquaculture funding.resource use and discharge elimination. There
NSF usually receives about 16 proposayear; are few, if any, specific aquaculture research
one to four of these aquaculture projects areprojects; those that do exist usually are found in
funded. Marine/Estuarine Aquaculture is the the discharge permits and pesticide registration
topic area that receivesost of the aquaculture- programs (5).
related proposat® However, certain other
topic areas (e.g., engineering) could be TENNESSEE VALLEY AUTHORITY
appropriate, depending upon the nature of the(TVA)
proposed research (35). Total 1994 TVA Aquaculture Funding:

- _ $500,000
In addition, NSF funds a range of basic TVA Research

research proposals that affect aquaculture. These
awards, however, are rarely identified as N the 1970s and 1980s, the Tennessee

"aguaculture” proposals. Research areas such aéalley Authority (TVA) conducted research on
environmental  engineering and  marine catfish, freshwater shrimp, and tilapia. In 1989,

biotechnology could potentially  receive @ refocused budget eliminated these programs.
aquaculture-related proposals (35). In 1991, TVA constructed a research and
development facility in Alabama and initiated a
research program on the use of constructed
ENVIRONMENTAL PROTECTION wetlands for wastewater treatment.
AGENCY (EPA) Appropriated funds since 1991 have been used
Total 1994 EPA Aquaculture Funding:  to cover salaries and operations. TVA
$500,000 envisions that constructed wetlands may be

EPA Regulation used in treating waters discharged from

The Environmental Protection Agency (EPA) aquaculture operations (7).

has primary responsibility for promulgating and
enforcing regulations aimed at reducing water OTHER FEDERAL
pollution, a source of many seafood-borne AGENCIES/PROGRAMS

Funding for aquaculture-related activities can
43 Initially, NSF had twoSBIR aquaculture categories-- be found in several additional agencies and

freshwater and marine/estuarine. Now, ltitéer is the onlyNSF- program areas. Below are seven programs that
SBIR aquaculture category (35).
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support aquaculture, two through research andvith a parent agency. Eleven agencies have
five through technical and financial assistance. SBIR program$4 Established in 1982, the
SBIR program is responsible for strengthening
Research the research and development role of small,
The Army Corps of Engineers' (ACOE) innovative companies (55). It is intended to be
interest in aquaculture stems from its mandatea source of technical innovation, to provide
to protect the navigability of public waterways. opportunities for small businesses to contract
The Corps is the only agency that has thewith the federal government, and to increase
statutory authority to issue permits for offshore commercialization of technology resulting from
aquaculture operations. Under Section 10 of thefederal research and development (46).
Rivers and Harbor Act, ACOE is responsible
for permitting all aquaculture operations carried
out in navigable waterways. Funding levels for
ACOE permitting of aquaculture operations is
unknown.

Projects are funded in three stages: testing of
scientific merit (phase 1), development of
projects that showed greatest merit in phase |
(phase II) and commercialization of promising
technology, which generally involves the use of

Much of the sediment dredged annually by nonfederal funds (phase |IlI) (46,55).
the Corps is placed in dredged material Specifically related to aquaculture, the NSF-
containment areas (DMCASs), located on private SBIR provides funding to small business firms
land. Acquisition of land to establish DMCAs for research into scientific and engineering
is difficult because of high real estate values,issues that could lead to public benefit,
long-term nature of this use, and the publicincluding research on  marine/estuarine
perception that dredged material is not aestheticaquaculture (36). USDA and DOC also could
To overcome these barriers to acquiring newsingle out aquaculture for SBIR funds.

DMCAs, the Corps has worked to develop

integration of dredging material with other uses. SUPPOIT

Aquaculture is estimated to have high potential The Community Development Block

in this area (54). Grants (CDBG) Program was authorized by
the Housing and Community Development Act

L of 1974. Administered by Housing and Urban
activity because aquaculture ponds and DMCASDeveIopment, the program was established to

share many design characteristics. Commor\orovide grants through state and local

f;atu:e.s |nclud$ Ievit;s to :e:a:jr! Wﬁte;r’ IreIa‘t;:f:|3|/governments to aid in the development of viable
IMPErvious solls, and water discharge control ;o mmunities.  Since 1975, Congress has

s_tru_ctures. Both types O.f . operatlc_mrsave appropriated over $62 billion for CDBG (46).
similar regulatory and permitting requirements,

and include locations adjacent to coastal The state and HUD Administered Small City
waterways (54). From 1986 to 1990, the CorpsProgram, receiving 30 percent of CDBG
invested a total of $4.4 million in containment appropriations, is the CDBG grant program
area agquaculture research. For example, the

Corps conducted a demonstration project,
studying marine shrimp culture in two active  44rjye agencies account for over 90 percenBfR awards:

DMCAs near Brownsville, Texas (45,54)_ Department of Defense (DOD), the Department of Energy (DOE),
the Department of Health and Human ServidetHS), the

The Small Business Innovative Research National Aeronautics and Space AdministratiNASA), and the

; PAi National Science FoundatiofNSF). The other sixagencies,
(SBIR) Program Is administered by the Small accounting for the remainder oBBIR awards, are: U.S.

Business Administration (SBA) in conjunctlon Department of Agriculture (USDA), the Department of Commerce
(DOC), the Department of Education (DOEd), the Department of
Transportation (DOT), the Environmental Protectidqgency
(EPA), and the Nuclear Regulatory Commission (NRC) (55).

Aquaculture is promising as a compatible
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most applicable to aquaculture. The Small Citytechnical assistance for aquaculture operations
Program is designed to encompass small and/om economically distressed areas (46). Two
rural communities well suited to and served by specific programs have been used to support
aquaculture projects. Small City Program fundsaquaculture development: 1) The Economic
were used as seed money for a FreshwateDislocation and Worker Adjustment Assistance
Prawn Macrobrachium rosen-bergiifarm in  Act was an amendment to Title Il of the JTPA.
Puerto Rico in 1984 (46). Funding is allocated at the discretion of the

The Farm Credit Administration (FCA) Secretary of Labor to alleviate, for example,

tablished ind dent . thnational economic problems such as massive
was estaplisned as an independent agency in I%yoffs in one industry or region. In FY 1994,

executive branch of the federal government (12$1.118 billion went to this program. In relation
U.S.C. 2241et seq 1971). The FCA sets rules to aquaculture, two shellfish culture projects in

?:nddg[jo;err;s Ientdmg 'nSt'tUt'gnS OI the (I;?r;n the state of Florida benefited from this program.
redit system, fo ensureé adequate credi Or2) The Defense Conversion Assistance and

gro?jgtc'ers anld b?arfveslters tOf "fofo’ij'g:roduclts. Diversification Program was authorized in 1990
redit Is available for long-term morigage l0ans ) 147 510 and 101-511) and will expire in

associated with production, basic processing,1997 Funds are channeled through the

fand marketmg,'as W?” as sev_eral types OfDepartment of Defense to assist displaced
Insurance associated with production (46). defense workers. In FY 1994, $150 million was

In 1993, FCA loanswere made to aqua- allocated to this program. Allied Sigfalis
culture facilities raising species such as catfish,currently providing free technical assistance to
shrimp, tilapia, trout, crawfish, clams, and aquaculturists under this program (46).
tropical fish. Farm Credit Banks also made
loans to hatchery operations and commercial
fishing units, which are not easily separated out

fFrpm tlge Ioar&s réj?dg tokaquac;“ugangaﬁ'“t'es'temporary source of credit and technical support
Ive Farm Lredit banks made 0aNS, tor rural farmers in need of assistance for

equaling $111 million, to aquaculture, hatCheryimproving, establishing or maintaining a

and flshlng_operat'lons. The Farm Credit Bar_]kfamily-sized farm*® The agency makes direct
of Texas, in particular, has made substantial

loans to aquaculture operations. In 1993, the
bank made 114 loans to catfish producers for a

total of $38.7 miIIion(15,21,27,34,49). 46 llied Signal is a defense contractor. During the past few
. L. years, they have downsized and, in order to mitigate the impacts,
TheOffice of Job Training Program, under  they have looked for other industries in need of their technical

the Department of Labor's Emp|oyment and expertise. The Office of Job Training allows Allied Signal

Training Administration. administers the Job employees to apply their engineering and environmental
! monitoring knowledge to the aquaculture industry. Employing

Training ParmerShip Act (‘]TPA) (29 U.s.C. environmental monitoring skills (previously used at nuclear
1501). Block grants are made to each state Ofacilities) to aquaculture industry wateand —contamination
territory to train or retrain economically problems is one example. Other projects have included designing

, ; i tems, to track fish numbers, and
disadvantaged workers, dislocated workers, andigo 2" AR SRR e

others who face significant barriers to 47 USDA reorganization of the Farmer's Home Administration
employment_ (FmHA), into the Rural Housingnd Community Development
Services, began in Octob&994 and is mandatory by October
The Program is a source of aquaculture1995. The former FmHA operated under the Consolidated Farm

technology transfer. work force training and and Rural Development Act (@.S.C.1921). The newagency
! ! falls under the jurisdiction of the Rural Economic and Community

Development Office, under USDA (46; 47).
48 The definition of a farm as it applies to loan making
45 Tropical fish operations have also receig@A funding programs is "a tract or tracts of land, improvements, and other
(21). appurtenances considered to be farm property, which is used or

Rural Housing and Community
Development Services (RHCDSY,
administered through USDA, serves as a
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loans and guarantees loans made by othebusinesses, equaling a total of $3.8
lenders for farm operations and farm ownership.million(24) 53

Farmers may qualify for agency assistance until

they are able to meet the financial requirements

to qualify for loans through private lenders (18).

Between October 1, 1991 and July 31, 1993,REFERENCES
approximately 289 RHCDS aquaculture loans
were madé? totaling almost $38 million 1. Aquaculture News"United States, China
(56)5% Mississippi alone received 35 percent, involved in joint research study on
or 101, of all loans made during this period. paddlefish,” vol. 3, no. 2, December 1994,
Loans ranged in amounts from $2,500 to p. 7.

A o
?;Oorggzatel Th7e1 m‘;“r?:g%) O\tvetrgesriaé%a”% 2. Aquaculture News'USDC/NMFS National
PP y P Training Branch sets '95 HACCP

catfish productlon. . IToans also were made for workshops," vol. 3, no. 3, January 1995, p.
bass, minnows, baitfish, trout, oysters, salmon, 8
lobsters, clams, crawfish and alligators (18). '
AquaPharm Technologies Corporation,

. . 3
"Animal aquaculture" small businesses are " . .
9 AquaPharm Receives U.S.-Israel Science

eligible for Small B_usmess Admln!stratlon and Technology Award,” Press Release,
(SBA) support. Assistance can be in the form
. February 1995.
of loan guarantees, business development
counseling (including education and training 4. AquaPharm Technologies Corporation,

opportunities), and support from SBA's Office "U.S.-Israel Aquaculture Technology Joint-

of Advocacy. From 1983 through 1993, 20 Venture: Year-Round Production of High

loans$? were made to animal aquaculture small Performance Offspring for Rearing in
Aquaculture,” Project Summary, February
1995.

will be used in the production of livestock, including the . . . .

production of fish under controlled conditions” (18). 5. Bastian, R., Environmental Scientist,

49 The information collected by survey is not guaranteed to be Environmental Protection Agency,
all-inclusive. Aquaculture is eligible for four of the eight types of Washington DC persona| communication

loans: Operating Loans, Emergency Loans, Farm Ownership

Loans, and Soil and Water Conservation Loans. to the Office of TeChnOIOgy Assessment’

0 Loan limits were set a$200,000 for direct loans and August 17, 1994.
$300,000 or $400,000 for guaranteed loans (56). . . .
51 This includes both direct and guaranteed loans. 6. Beck, D., Foreign Agriculture Service, U.S.
32 There are three types of loans: Department of Agriculture, Washington,

1) The Business Loan Prograrns authorized by the Small
Business Act to make loans available to small businesses (15
U.S.C. 631 et seq 1953). To qualify as a small business, a
company must be independently owned and not be dominant in its
field of operations. Candidates are required to have been rejected
by conventional sources of debt financing. Financing is primarily
provided by private lenders witBBA loan guarantees. Direct companies provide unsecured equity financing for small
loans also are available to eligible borrowers: businesses locatedusinesses and specialize in investment associated with higher
in areas of high unemployment or businesses owned by low risks.
income individuals, handicapped individuals, Vietnam veterans, 3) Local Development Company LoafiDCL) are available
or disabled veterans. This program also provides disastertoany public or nonprofit group to improve the local economy (13
assistance for small businesses and agricultural cooperatives tha€FR Part108). These funds can be used for infrastructure
sustained substantial economic injury from a natural disaster (13improvements that benefit small businesses. The LDCL must

DC, letter to theOffice of Technology

CFR Part 123). provide 10 percent of the projected costs in the form of a stock,
2) Small Business Investment Comparies authorized by the  bond, or other cash equivalent (46).
Small Business Investment Act 8958 to provide venture capital 53 As of April 15, 1994, six of the 20 loans had failed,

financing to small businesses (13.S.C. 661-696). These resulting in a high failure rate of 30 percent.
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Assessment, U.S. Congress, Washington,
DC, February 21, 1995.

Behrends, L.L., Tennessee Valley Authority
Environmental Research Center, Muscle
Shoals, Alabama, personal communication
to the Office of Technology Assessment,
May 2, 1994.

Billy, T., Director, Office of Seafood,
Center for Food Safety and Applied
Nutrition, Food and Drug Administration,
Washington, DC, letter to th&ffice of
Technology Assessment, U.S. Congress,
Washington, DC, June 8, 1994.

Brooks, J.L., Senior Special Agent,
International Affairs, Fish and Wildlife
Service, Department of Interior, Arlington,
VA, e-mail to C. Proffitt, Office of
Technology Assessment, U.S. Congress,
Washington, DC, April 12, 1995.

Brooks, J.L., Senior Special Agent,
International Affairs, Fish and Wildlife
Service, Department of Interior, Arlington,
VA, e-mail to C. Proffitt, Office of
Technology Assessment, U.S. Congress,
Washington, DC, April 14, 1995.

Brooks, J.L., Senior Special Agent,
International Affairs, Fish and Wildlife
Service, Department of Interior, Arlington,
VA, e-mail to C. Proffitt, Office of
Technology Assessment, U.S. Congress,
Washington, DC, May 4, 1995.

Broussard, M., Principal Aquaculture
Scientist, Cooperative State Research,
Education, and Extension Service, U.S.
Department of Agriculture, Washington,
DC, letter to theOffice of Technology
Assessment, U.S. Congress, Washington,
DC, June 24, 1994.

Broussard, M., Principal Aquaculture
Scientist, Cooperative State Research,
Education, and Extension Service, U.S.
Department of Agriculture, Washington,
DC, letter to theOffice of Technology
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15.

16.

17.

18.

19.

20.

Assessment, U.S. Congress, Washington,
DC, November 18, 1994.

Broussard, M., Principal Aquaculture
Scientist, Cooperative State Research,
Education, and Extension Service, U.S.
Department of Agriculture, Washington,
DC, e-mail to C. Proffitt, Office of
Technology Assessment, U.S. Congress,
Washington, DC, April 20, 1995.

Carlisle, L.E., for William W. Hinkle, Farm
Credit Bank of Texas, Austin, TX, letter to
the Office of Technology AssessmebtS.
Congress, Washington, DC, March 30,
1994.

Carr,J., Allied SignalKansas City, MO,
personal communication to the Office of
Technology Assessment, July 1, 1994.

Chetrick, J. and S. Beasley, Foreign
Agricultural Service, "The Evolving Role of
the Foreign Agricultural Service in Seafood
Promotion," Agriculture Outlook
Conference '94, U.S. Department of
Agriculture, Washington, D)ecember 1,
1993.

Dunn, M.V., Administrator, Farmers Home
Administration, U.S. Department of
Agriculture, Washington, DC, letter to the
Office of Technology Assessment).S.

Congress, Washington, DC, July 19, 1994.

Erbacher)., International Trade Specialist,
National Marine Fisheries Service, National
Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Silver
Spring, MD, letter to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, August 30, 1995.

Erbacher]., International Trade Specialist,

National Marine Fisheries Service, National
Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Silver
Spring, MD, fax memorandum,

"Information on NMFS Fisheries Science
Center Labs," to the Office of Technology
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Assessment, U.S. Congress, Washington,
DC, August 31, 1995.

21. Evans, A., Economist, Farm Credit Bank of
Columbia, Columbia, South Carolina, letter
to the Office of Technology Assessment,
U.S. Congress, Washington, DC, March 19,

1994.



AppendixA:

Basic Production Data for Representative
Species Cultured in the United States and
Discussion of Data Quality

1992 Production
Common Name Scientific Name Volumel Value?

American Oyster Crassostrea virginica 83,544 mt | $82,432,000
Pacific Oyster Crassostrea gigas 31,202 mt
Blue Mussel Mytilus edulis 639 mt $1,162,000
Quahog clam Mercenaria mercenaria 6,371 mt | $11,539,000
Japanese littleneck clam  Venerupis japonica (also 1,920 mt

Tapes japonica)
Shrimp (marine) Penaeus spp.* 2,000 mt | $17,637,000
Red Swamp crawfish Procambarus clarkii 28,591 mt | $34,860,000
Channel catfish Ictalurus punctatus 207,460 mt| $273,506,000
Atlantic salmon Salmo salar 10,028 mt | $75,193,000
Rainbow trout Oncorhynchus mykiss** 26,057 mt | $53,942,000
Carps Cyprinidae 1,659 mt n/a
Tilapia Tilapia spp. 4,082 mt n/a
Hybrid striped bass Morone chrysops x M. n/a n/a

saxatilis
Other/Miscellaneous*** $173,916,00(
TOTAL $724,187,000

SOURCES:

1 United Nations, Food and Agriculture Organization, Fisheries Department, "Aquaculture Production 1986-1992" FAO Fisheries Circular No. 815

Revision 6, (Rome, Italy: UNFAO, 1993). A metric ton is equal to 1.102 tons.

2 National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Fisheries Statistics Division,"Fisheries of the United States--
1993" (Washington, DC: U.S. Department of Commerce, 1993). Products are aggregated by general type (e.g., oyster, clam) and may include species

other than those presented here.
* The most commonly cultured marine shrimp in the United States is Penaeus vannamei, also known as the Vanna White shrimp.

** Formerly Salmo gairdneri; data include freshwater and saltwater trout production.

*** Miscellaneous species include hybrid striped bass, tilapia, and nonfood products such as ornamental fish, aquatic plants, and baitfish.

DISCUSSION: DATA QUALITY

Aquaculture production (and thus value of productionhkily overcounted in thestatistics:
hatcheriecommonlyare separafeom grow-out facilities, and there may be multiple grow-out facilities
for different life stages. Foexample, fingerlingsire grown to a certain size by grower A state A;
grower A then sells this intermediate product to grower B in sta/lienstatistics are reportétle same
productwill be counted on the books in battates. In additiorthe numbers of stock transferieetween



Appendix A

growing stages are rough estimates expected to be off by as much as 1,000 in either(8)resitiolarly,
final harvest estimates may be off by as much.

In addition, inconsistenciesre found in the units of measurements chos&wmestates report
"live weight" (whole animal), somereport headed and gutted (masbnedibleparts removed). Some
estimates of shellfish production include the shell and others daepmeat weight).Some estimates
exclude culture@gquatic plants.Somestatescombine species by tyde.g., shellfish), others bredkem
into subgroups (e.g., oysters, clams, mussels)eand any report by species cultured (e.g., Madiiten
Tapes japonicaquahog clamMercenaria mercenarja Finally, as data araggregated by different
organizations, assumptions and generalizatamesmade. For example, the Food and Agriculture
Organization reported th#ie UnitedStategproduced,352metric tons of baitfish valued 61,183,000
in 1992 (31),when infact this isthe productionevel for asingle species dbaitfish as reported by the
National Marine Fisheries Service (38).

Finally, aquaculture-related datellection iserratic andncomplete. For example, the Census of
Agriculture coveronly a fewaquaculture species attien only every Years, andhe Bureau of Labor
Statisticscollects industryemploymentdata via stat@inemploymentnsurance records, thusissing self-
and family-employment, and temporary or seasdabbr, which may be extremelymportant in
aquaculture. Thus, dafaresented in thigseport should be considered rough estimates. Without a
centralized national statistical reporting netwaldtacollected fromstate and local sourcesll continue
to require manipulation, and cannot present a complete and accurate picture of the industry.
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Aguaculture Production Systems andAssociated
Species and Regions

System Description Species Associated with Region of Concentration
Systent

Pond Located outdoors; may come in various | Catfish baitfish, crawfish; a Found in almost every state;
depths, shapes, and sizes; floating cagesg ifittle U.S. pond production of | major concentration in the
ponds, quarries, or reservoirs pike, freshwater prawn, shrimp Mississippi River Delta

region
Flow-through A raceway or series of tanks through whiq Ttrout, salmon, alligator Idaho, although grown in
(raceways/tanks) water flows continuously proposed: sea bass, Arctic chg most states

Recirculating

Culture system with water reconditioning
capabilities, such that 50-90% of water c4d
be re-used; idea is similar to a home
aquarium

Tilapia, sturgeon, hybrid bass,
rred drum, trout, largemouth
bass, softshell crabs, tropical
fish; pioneer efforts: striped
bass, redfish, catfish, and
summer flounder

Commercial recirculating
systems are found in almost
all parts of the country (16)

Nearshore
(net pens/
rafts/bottom)

Anchored or floating net pens and rafts;
seeding the bottom of the water column @
allowing natural growth

Salmonidgsurface)pysters
(bottom), clams, mussels and
other shellfish

All coasts

Offshore

Advanced technology, commonly designg
to have automatic feeding systems, areas
input storage, operator quarters, and
sometimes on-site processing; for examp
one design consists of a central dome an
work platform above the surface with six
160-feet long barrel-like cages extending
out like spokes 50 feet underwater for
raising fish (13)

dProposed: Atlantic salmon,
feeveral species of Pacific
salmon, red drum, dolphin fish

e(mahi-mabhi), red snapper,

o cobia, mackerel, halibut,

gilthead seabream, and sea b3

1SS

No commercial facilities;
first approved facility under
construction in the Gulf of
Mexico

Integrated

Ponds located close to agriculture fields,
greenhouses, or hydroponic systems;
sequential tanks or raceways of species t
can use waste products as inputs (e.g.,
catfish to algae to carp)

Several types of submerged,

floating and emergent aquatic
plants; zooplankton, crawfish,
prawns, shrimp, blackfish, carf
tilapia, catfish, white amur, an

mosquito fish

Inland areas

Source: Office of Technology Assessment, 1995

1 Species found most frequently in the associated system are represented in italics.
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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.
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1980 Designation of Responsibilities in
Aquaculture Among Federal Agencies

INTERAGENCY AGREEMENT AMONG DEPARTMENT OF AGRICULTURE,
DEPARTMENT OF COMMERCE, DEPARTMENT OF THE INTERIOR

Subject: Designation of Areas of Responsibility in Aquaculture
I. Background

Aquaculture--the propagation and rearing of aquatic species in controlled or sierteunents-
-has important international andbmestic ramifications. Internationallpquaculture represents an
important source of food and an induspagrticularly suited todevelopingcountries. Domestically,
aquaculture represents: a@conomically soundapproach tomeeting theincreasing demand of the
American peopldor seafood; a source of industrial materials, pharmaceuticalgnarngy; a biological
approach to control of pollution and degradationhafnan and industrial wastes; and a means of
rehabilitation and enhancement of U.S. fish and shellfish resources.

Although aquaculture currently contributes approximately 10 percent of seafood production
worldwide, lessthan 3 percent of curreid.S. seafood production results from aquacultur€hus,
domesticaquaculture production héise potentiafor significant growth. The primary responsibility for
attaining this potential restgth the private sector. However, it is the policy of the fedgyaérnment to
undertake those researaevelopmentiransfer, and assistance programs and activities necessary and
appropriate to stimulate the development of an active and viable U.S. aquaculture industry.

A number of federal agencies have responsibilities and programs relagdatulture. These
range from regulatory responsibilities fdnemical agents and environmental protectiomragrams of
financial assistance, research and development, technical assistance, advisory and information services, and
education and training. Coordination of these activities is the province of the Joint Subcommittee on
Aquaculture, established by ti@mmittee on Food and RenewaBlesources and theéommittee on
Atmosphere and Oceans of the Federal Coordinating CdoncBcienceEngineering, andechnology
(FCCSET).

The primary responsibilities, resources, and programs in aguaculture reside in three Departments:
Agriculture, Commerce, and Interior. If the federal government's efforts to stimulate and facilitate the
development ohquaculture in this country are $acceed, it is essentidlat the activities of these three
agencies be mutually reinforcing. It fisr this reason thdahese Departments have entered into this
agreement.

Il. Purpose

The purpose of this Interageng&greement is to increase the effectivenasd productivity of
Federal aguaculture efforts kigfining theprimary areas ofesponsibility forthe three principal Federal
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Departments supporting and conductiggiaculture researclidevelopmentiransfer, and assistance -- the
Departments of Agriculture, Commerce, and Interior. Afgeeement describes tloentral focus of the
aquaculture activities of each Department, establishreschanisnfor reaching consensus on potential
areas ofoverlapping interest, andefines the means through which the agencies will coordinate their
efforts.

lll. Areas of Responsibility

The Departments of Agriculture, Commerce, and Interior atiyaethe followingparagraphs
describe the primary focus of responsibility for aquaculture in each Department.

Department of Agriculture

The Department of Agriculture is responsible $mpport of and directonduct of research,
development, extension, and otlsepport activities in aquacultucgiented toward the conservation and
utilization of privately-owned or -leased land and wédtar commercial, recreation, andome-use
aquaculture. This workill be predominantly oriented towafteshwater aquaculture. The Department
coordinates its work on anadromous speeidfs the Department of Commerce and the Department of the
Interior.

Department of Commerce

The Department of Commerce, through the National Marine Fisheries Service and Office of Sea
Grant, isresponsible for aquaculture research dadelopment omarine, estuarine, and anadromous
species. Work on anadromous species is coordinated with the Department of the Interior and the
Department of Agriculture (Forest Service). The OfficésSeh Grant conducts education, training, and
advisory services in aquaculture; its advisory services progreemesarried our in collaboratiovith the
Department of Agriculture's Extension Service.

Department of the Interior

The Department of the Interior, through the Fishfidlife Service, is responsibler technical
research and development of freshwater finfish for recreationabamderciapurposes. The Department
coordinates its research adevelopment omnadromous species with the Department of Commerce and
the Department of Agriculture's Forest Servites. activities areconducted in Fish and/ildlife Service
laboratoriesengaged inresearch on nutrition, disease, genetics, drug registrationeramdnmental
effects.

IV. Resolution of Problem Areas

The general division of responsibility outlined above will be maintained by the three Departments.
However, it is understoothat somecrossing of these lines of division magcur when necessary to
advance national objectivesaquaculture. In such instances, thiggeement will be amended by a simple
Memorandum of Understanding initiated by the Department requesting the "waiver," and signed by all three
Departments.
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V. Inter-Agency Coordination

It is agreedhatthe FCCSETJoint Subcommittee on Aquaculture is the principathanism for
achieving coordinated planning, implementation, and evaluation of Fededulture programamong
the three Departments as well as among all the Federal agencies active in aquaculture.

To maximize coordination aiquaculture activities botwithin and among the Departments of
Agriculture, Commerce, and Interior, each Departnieag establishethe position of Aquaculture
Coordinator. In addition to performing those duties required to further the programiopatioves of the
Department he or she serves, the Aquaculture Coordinator is the principal representative to the Joint
Subcommittee on Aquaculture and the focal point of communication among the three Departments.

Anson R. Bertrand

Director, Science and Education Administration
Department of Agriculture

3/28/80

Richard A. Frank

Administrator

National Oceanic And Atmospheric Administration
Department of Commerce

4/23/80

Robert Herbst

Assistant Secretary for Fish and Wildlife and Parks
Department of the Interior

4/2/80



ACOE
ADC
AID
AMS
ANS
APHIS
ARS
ASCS
AVMA
BPA
BRD
BSD
BMPs
CcccC
CDBG
CFSA
COE
CRMP
CRS
CRSP
CSRS
CSREES
CVM
CWA
DOC
DOI
DOD
DOT
DOE
DOS
USDOTr
EDA
EPA
ERS
ES

Acronyms

U.S. Army Corps of Engineers (DOD)
Animal Damage Control (USDA)

Agency for International Development (DOS)
Agricultural Marketing Service (USDA)
Aquatic Nuisance Species Task Force
Animal and Plant Health Inspection Service (USDA)
Agricultural Research Service (USDA)
Agriculture Stabilization and Conservation Service (USDA)
American Veterinary Medicine Association
Bonneville Power Administration (DOE)
Bureau for Research and Development (AID)
Biofuels Systems Division (DOE)

Best Management Practices

Commodity Credit Corporation (USDA)
Community Development Block Grants
Consolidated Farm Service Agency

U.S. Army Corps of Engineers (DOD)
Coastal Resource Management Program
Congressional Research Service
Collaborative Research Support Program
Cooperative State Research Service (USDA)

Cooperative State Research, Education, and Extension Service (USDA)
Center for Veterinary Medicine (FDA)

Clean Water Act of 1977 (40 CFR)
Department of Commerce

Department of the Interior

Department of Defense

Department of Treasury

Department of Energy

Department of State

Department of Treasury

Economic Development Administration
Environmental Protection Agency

Economic Research Service (USDA)
Extension Service (USDA)
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ESA Endangered Species Act
FACTA Food and Agricultural Conservation and Trade Act of 1990
FARAD Food Animal Residue Avoidance Databank (USDA program)
FAS Foreign Agriculture Service (USDA)
FAS/ICD Foreign Agricultural Service/International Cooperation and Development
FCA Farm Credit Administration
FCCSET Federal Coordinating Council on Science, Engineering, and Technology (OSTP)
FDA Food and Drug Administration
FFDCA Federal Food, Drug, and Cosmetic Act
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FmHA Farmers Home Administration (USDA) (RDA's predecessor)
FOG Financial Obligations Guarantee
FPPA Federal Plant Protection Act
FSA Farm Service Agency
FSIS Food Safety and Inspection Service (USDA)
FWPCA Federal Water Pollution Control Act
FWS U.S. Fish and Wildlife Service (DOI)
GAO Government Accounting Office
GRAS Generally Recognized As Safe (FDA)
HACCP Hazard Analysis Critical Control Point principles for seafood inspection
IIPR Intentional Introductions Policy Review Committee of the ANS Task  Force
INAD Investigational New Animal Drug (FDA)
ISSC Interstate Shellfish Sanitation Commission
IRS Internal Revenue Service
IR-4 (assistance for chemical development for minor economic crops;
now named NRSP-7)
JSA Joint Subcommittee on Aquaculture (OSTP)
MMPA Marine Mammal Protection Act
MPP Market Promotion Program
MESP Marine and Estuarine Sanctuary Program
NAA National Aquaculture Act
NAA National Aquaculture Association
NADA New Animal Drug Application (FDA)
NADP National Aquaculture Development Plan
NAL National Agriculture Library (USDA)
NAIC National Aquaculture Information Center (NAL/USDA)
NASAC National Association of State Aquaculture Coordinators
NASS National Agricultural Statistics Service (USDA)

NBIAP National Biological Impact Assessment Program (USDA)
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NBS National Biological Survey (USDOI)

NCRI National Coastal Resources Research and Development Institute

NEPA National Environmental Policy Act

NMFS National Marine Fisheries Service (USDC)

NOAA National Oceanic and Atmospheric Administration (USDC)

NPDES National Pollution Discharge Elimination Systems permits (authorized in
CWA)

NRAC Northeast Regional Aquaculture Center

NRC National Research Council (NAS)

NRCS Natural Resources Conservation Service

NRI National Research Initiative

NRSP-7 National Research Support Project-7

NSF National Science Foundation

OCRM Ocean and Coastal Resources Management (NOAA)

OICD Office for International Cooperation in Development (USDA)

OSHA Occupational Safety and Health Administration

0SS Office of Seafood Safety (FDA)

OSTP Office of Science and Technology Policy (Executive)

RDA Rural Development Administration (USDA)

RHCDS Rural Housing and Community Development Services (USDA)

SBA Small Business Administration

SBIR Small Business Innovation Research Program (NSF)

SCS Soil Conservation Service (USDA)

SDWA Safe Drinking Water Act

SG Sea Grant (USDC)

TSCA Toxic Substances Control Act

TVA Tennessee Valley Authority

UJR United States-Japan (cooperative aquaculture program)

USDA U.S. Department of Agriculture

USAID U.S. Agency for International Development

USsDOC U.S. Department of Commerce

USDOI U.S. Department of the Interior

UusbDOD U.S. Department of Defense

UusDoT U.S. Department of Treasury

USDOE U.S. Department of Energy

USDOS U.S. Department of State

USFS U.S. Forest Service (USDA)

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey (USDOI)
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USHHS U.S. Department of Health and Human Services
WAS World Aquaculture Society



Contract Papers
CONTEXT OF U.S. AQUACULTURE

International Seafood Trade and the U.S. Aquaculture Industry
Raymond Rhodes (South Carolina Wildlife and Marine Resources, SC)

Aquaculture--International Examples of Success and Failure and Lessons for the United States
Andrea Katz (Associates in Rural Development, Inc., VT)

Market Constraints to Growth in the U.S. Aquaculture Industry
Upton Hatch (Auburn University, AL)

Aquacultural Contributions to Community Development in the United States
Michael Skladany and Conner Bailey (Auburn University, AL)

TECHNOLOGIES, PRODUCTS, AND APPLICATIONS

The Aquaculture of Endangered and Threatened Species and Restoration of Aquatic Systems
Jack Rudloe, Jeret Madei, and Anne Rudloe (Gulf Specimen Marine Lab, Panacea, FL)

Offshore Aquaculture--Technology and Policy Issues
Robert Stickney (University of Washington, WA)

Policy Issues for Aquaculture in Federal Waters
Alison L. Hess (Office of Technology Assessment, DC)

The Future of Recirculating Systems in the U.S. Aquaculture Industry
Ronald Malone (Louisiana State University, LA)

Benefits, Environmental Risks, Social Concerns, and Policy Implications of Biotechnology in
Aquaculture

Anne Kapuscinksi (University of Minnesota, MN)

Eric Hallerman (Virgina Polytechnic Institute and State University, VA)

Sustainable Aquaculture Systems
David Brune (Clemson University of South Carolina, SC)



INDUSTRY DEVELOPMENT AND REGULATION

Improving the Competitiveness of U.S. Aquaculture
Per O. Heggelund (AquaSeed, WA)

Successes and Failures in Aquaculture
Rollin Johnson (Harvard University, MA)

Health and Disease Management in Aquaculture: Science, Technology, and the Federal Role
Fred Meyer (La Crescent, MN)

Bird and Mammal Predation in Aquaculture
James Parkhurst (Virginia Polytechnic Institute and State University, VA)

Environmental Aspects of Commerical Aquaculture
Thomas Hopkins (Biometrics, Inc., MD)

GOVERNMENT POLICY AND PROGRAMS

Potential Sources of Federal Assistance for Aquaculture
Thomas Royal (St. George Island, FL)

U.S. Aquaculture Marketing
Howard Johnson (Johnson and Assoc., Bellevue, WA)

WORKSHOPS
The Future of Aquaculture in the United States--September, 1993

Offshore Aquacultural Development in the United States--November, 1993
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