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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

Foreword

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 onCurrent Status of
Federal Involvement in U.S. Aquaculture.Committees requesting the
assessment were the House CommittedMlenchant Marine and Fisheries
(since disbanded), the House Committee on AgriculturétaiSilibcommittee
on Livestock, and the Senate Committee on Governmental Affairs.

OTA greatly appreciatethe contributions of the Advisory Panel,
authors of contracted papevgrkshopparticipants, 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 robegjumaculture. Asvith all OTA
studies, the content of this report is solely the responsibility of OTA.

ROGER C. HERDMAN
Director



HIGHLIGHTS

CHAPTER 2: AQUATIC ANIMAL HEALTH

« Disease is responsible for magronomic losses taquaculturemaking disease prevention
and treatment a criticaeedfor the industry and an important fodes researcmeeded to
support aquaculture development.

« Approaches to prevention inclugeod husbandry angnanagement to minimizgtress and

exposure to pathogens; vaccines, if available; and culture of disease-resistant or certified

disease-free stocks.

« Inadequate resources for disease treatimgrgdes the growth @iquaculture.Few approved
drugs are available, artlosethat exist are targeted &pecific organisms and diseases.
Veterinary and diagnostic servicage patchily availableationwide, and mangtateslack
adequate resources of this kind. The expeirtisgved in introducingand gaining regulatory
approval of new aquaculture drugs and the small markat these drugs discourage
pharmaceutical industries from pursuing their development.

« Federal regulations regarding aquatic animal health treatment attempt tonsesvegoals:
protection of aquatic animals (cultured and wild), human consumers, and the environment.

« Greater coordination ohgencies and programs with a stakeaquatic animal health in
aquaculture caimprove performance with respect to regulaigogpls. Changes in the new
drug approval process could remove a significant impediment to industry development.

CHAPTER 3: BIOTECHNOLOGY

« Use of biotechnology inaquaculture is an essential tool in thaintenance and growth of the
aquaculture industry. Established methediscontinue to bamportant;new techniques may

permit increased production and other benefits with costs and potential for adverse effects that

must be evaluated carefully.

 Federal policy and regulations regarding biotechnology tieveoped imesponse to risk and
safety issues that arise in aquaculturewad! as other industriesthat might benefit
economically from manipulatinglant and animal characteristics. Howeweany genetically
modified aquatic organisms do not fall undée umbrella of any legislation. Transgenic
aguatic organisms also pose special problems for regulators b#wuseaycross national
boundaries.

« The risks and benefits ofleveloping aquatic transgenics are subjects aoinsiderable
controversy, signaling theeedfor further research. Iaddition to risk/benefit analyses,
critics call for exploration of numerous moral and ethical issues relatéide touse of
biotechnology in the aquaculture industry.



CHAPTER 4: BIRD PREDATION

Vi

Bird predators can cause significagtonomic problems at someguaculture facilities.
Accurate data todocument their toll and to establish relationshipgtween facility
type/species and losses to predation are scant, making it difficult to design effective controls.

Responsibility for regulation and monitoring activities related to predati@yuwculture
facilities lies with several federal agencies atategovernments. Coordination among all
governing bodies sometimes is rapparent;record-keeping is cumbersome and lacks
systematic collection and ready access.

Possible impacts of aquaculture and of attempts at predator control on predator population
trends are poorly understooata arelacking toassess population trends and cause/effect
relationships.

Given the lack of knowledge and data on predator levels, behaviors and population trends; and
in light of the diversity of aquaculture operations, a multifaceted and integieshch to
predator control may be most effective. This wawlve combiningseveral deterrents used

in rotation with the understandindpat complete elimination of predation problems is
unrealistic. Reducing losses to economically tolerable levels is the only feasible goal.
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Introduction

BACKGROUND integrated systems cycling nutrients among
land- and water-based production systems.

Aquaculture has a long history of supplying  Today, aquaculture is touted as the fastest
protein and other products around the world, butgrowing segment of U.S. agriculture, based on a
a short history of commercial production in the forfold increase in domestic output of fish,
United States (box 1-1). Until the 1950s, ghelifish, and aquatic plants between 1980 and
aquatic species were produced mainly to supply;ggg (61). By 1993, USDA estimated that the
fish restocking programs, to provide baitfish yajye of U.S. aquaculture products hadched
and sportfish for fee fishing operations, and for 760 mijllion (57). Domestic aquaculture
direct family consumption; little reached proguction currently accounts for about 10 to 15
commercial markets. Although trout had beenpercent of the U.S. seafood supply.
produced for food since the turn of the century, _
only with the advent of the catfish culture  Aquaculture products as a proportion of total
industry did commercial aquaculture gain seafood consumption is gradually rising, likely
visibility as a market forcé. reflecting increasing availability (e.gyear-

_ ) , round supply) and favorable prices compared to

Hundreds of different aquatic species aréyyjig caught seafood. This also may portend
produced in the United States, including various growing consumer recognition of the nutritional
animal and plant ornamentals, species forygiye of seafood in general and confidence in
environmental remediation, industrial and he quality of aquacultured products in
biomedical research. Although as many as 30qystry, especially for economically troubled

are commonly cited aquacultural species, fewely 5| and coastal communities, remain high.
than 10 species make up most of U.S.

aquacultured food production: catfish, trout, The National Aquaculture Act was slated for
crawfish, salmon, hybrid striped bass, tilapia, reauthorization in 1993, but agreement on
and various mollusks (table 1-1). certain provisions was not reached prior to
) ) ) debate on the 1995 Farm Bill. The
Aquaculture is practiced in evely.S. state  pgministration's 1995 Farm Bill Proposal
and territory, from Atlantic salmon off the coast i cjudes reauthorization of the National
of Maine to alligators in Louisiana to giant aquaculture Act with several amendments
clams on the Pacific islands of Micronesia. (144). Also currently pending reauthorization
Prod_uction systems are similarly djverse, are the Regional Aguaculture Centers, the
ranging from nearshore bottom "seeding” of National Research Initiative, and other USDA
mollusks to expansive open ponds to h'gh'teChprograms that do or could support aguaculture
water recirculating systems in warehouses t0development.  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 are

1 For additional information on the historical development of also on the Iegislative agenda.
aquaculture in the United States, $&&. StickneyA History of
Aquaculture in the United Statédew York, NY: John Wiley &
Sons, in press).

g10



2 [0 Selected Technologies

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 on the
specific request of the congressional requesting committees as discussed 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 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 three to 200 miles off the coast of U.S. states and territories.

Seafood: Unless 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.

The federal government has made a€valuation to prevent possible adverse conse-

commitment through the National Aquaculture ueénces to human health or the environment.
Act to support development of a private

aquaculture industry. Of immediate concern to AQUATIC ANIMAL HEALTH

established sectors of this industry are MANAGEMENT

technologies affecting aquatic animal health,

products of biotechnology, and controlling Aquatic animals in the United States. are
predation in aquaculture facilites. Loss of affected by numerous diseases which lead to
aquaculture production to disease and predatioffubstantial economic losses by the U.S.

are major problems for the industry. aquaculture industry (70).  Total losses

_ attributed to disease varies from year to year
~ Technologies that help to address theseang among species; reported losses have ranged
issues may help to increase the profitability of fom $2.5 million (trout 1988) to $23 million
the industry. Similarly, application of biotech- (catfish 1989) (88,89). including good
nology may yield faster growing or more pysphandry and management to minimize stress
disease resistant organisms and other benefits;q exposure to pathogens; vaccines, if

However, the implementation of technological ayajlable; and culture of disease-aresistant or

A single disease can wipe out an entire
aquaculture crop, implying that it is

2 For an analysis of federal involvement in aquaculture, see economically prudent to maintain production
U.S.Congress, Office of Technology Assessméhirrent Status system health. Profligate use of chemical
of Federal Involvement in U.S. Aquacultu®TA-BP-ENV-170 treatments, on the other hand, may affect

(Washington, DC: Office oTechnology Assessment, September, .
1995). consumer safety or the environment. For
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example, chemicals and antibiotics used incultured and wild organisms, leading to
health management can leave residues in

TABLE 1-1: Production Data for Representative Species Cultured in the U.§

| . 1992 Production
Common name Scientific name Volume 2 ValueP
Mollusks
. 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
¢ Japanese littleneck Venerupis japonica (also 1,920 mt $11,539,000
clam Tapes japonica)
Crustaceans
*  Shrimp (marine) Penaeus spp.© 2,000 mt $17,637,000
. Red Swamp crawfish | Procambarus clarkii 28,591 mt $34,860,000
Finfish
. Channel catfish Ictalurus punctatus 207,460 mt $273,506,000
. Atlantic salmon Salmo salar 10,028 mt $75,193,000
. Rainbow trout Oncorhynchus mykissd 26,057 mt $53,942,000
e Carps Cyprinus spp. 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® $173,916,000
TOTAL $724,187,000

& A metric ton is equal to 1.102 tons.

b 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.
d 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.

SOURCES: Office of Technology Assessment, 1995; (volume data) United Nations, Food and Agriculture Organization, Fisheries Department,
"Aquaculture Production 1986-1992" FAO Fisheries Circular No. 815 Revision 6, (Rome, Italy: UNFAO, 1993); (value data) 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).

potential health problems for consumers, as900d husbandry and management to minimize
well as harming the environment and potentially Streéss and exposure to pathogens; vaccines, if
creating antibiotic resistant strains of pathogens 2vailable; ‘and culture of disease-resistant or
Chemical use may be minimized by certified disease-free stocks.

technologies that prevent disease including
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BIOTECHNOLOGY natural feeding sites and are attractive to
foraging by wading predators. Unprotected
Many biotechnologies used in aquaculture containment units or flow-through raceways
are developed to increase production, reducgyrovide predators good feeding platforms or
costs of production, manage disease outbreaksiccess to stocks, and thus these areas can be
raise the value of Currently cultured Organisms,subject to predation prob|ems_ Nearshore off-
or result in the culture of new species. HoOw- hottom culture is subject to both bird and
ever, use of these technologies may pose riskenarine mammal predation problems. Special
to human health or the environment or conflict precautions must be taken to prevent predation
with moral and ethical values. Therefore, in- from below the water's surface (e_g_, by Sea|s)_
creasing use of biotechnologies in aquaculture
is of concern to Congress. Currently, federal The federal government already has estab-
oversight of some aquatic genetically modified lished roles in development and regulation of
organisms (GMOS$) is fragmented among te_chnologles affecting aquatic animal hea_llth,
several federal agencies, while other aquaticPiotechnology, and predation. The following
GMOs receive no federal oversight. Although chapters examine these three topic areas and
several federal agencies have developedelate_d congressional interest, issues, and tec_:h-
guidelines or  promulgated  regulations no!oglcal developments. Enhancmg aquatic
governing use of GMOs, new legislation ammal health management, expanding use of
specifically addressing the use and release opiotéchnology, and developing more effective
aquatic GMOs may be needed to minimize predation control methods could support accel-
potential adverse impacts on the environmentérated expansion of the aquaculture industry by

and human health and safety (74). increa_sing production and profits for prqduc_ers,
ensuring safety to consumers, and maintaining

BIRD PREDATION or improving environmental quality.

Potential predators of aquacultural crops
include piscivorous birds, marine mammals,
fish, turtles, sea snakes, and squid (9). Preda-
tion problems can arise in virtually any type of
aquacultural endeavor except those where
cultured stocks are contained indoors or in
sealed holding structures (i.e., "enclosed sys-
tem" operations). Often predatory animals may
be protected by law making lethal methods to
reduce predation unacceptable unless a permit is
obtained and lethal control is combined with
non-lethal methods. Technologies are needed
that efficiently and economically reduce crop
loss without significantly affecting predator
populations or their roles in ecosystem health.

Facility design may make certain operations
especially vulnerable to predation problems
(107). Large ponds are difficult and expensive
to cover with overhead netting. Gently sloping
embankments of ponds may closely resemble

3 Defined in chapter 3.
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Aguatic Animal Health

At least 50 different diseases currently affectfunding and research priorities, and protection
aquatic animals resulting in high economic of public health and the environment.
losses by the U.S. aquaculture induségch
year (70). In 1988 for example, the trout
industry cited losses due to disease at $2.
million; in 1989 the catfish industry reported
loss due to disease at $23 million (88,89). A
viral epidemic in Texas destroyed an estimated
$11 million worth of shrimp in a short period of
time in 1995 (149).

Several existing laws directly affect health

anagement in aquaculture. One of the most
controversial laws is the Lacey Act (16S.C.
667 et seq., 18 U.S.C. 42 et seq.). Among other
goals, this law attempts to restrict the
movement of certain pathogens into the United
States and into watersheds where a pathogen is
not currently found by regulating the movement

Diseases may be caused by many differenof fish and wildlife. In addition to a federal list
factors including poor environmental conditions of prohibited fish, wildlife, and pathogens,
and exposure to infectious agents. Pollutedindividual states develop lists of prohibited
water, contaminants in feed, and variousspecies to suit their own needs and additionally
viruses, fungi, bacteria, and parasites aremay require aquaculture products to be certified
capable of causing disease outbreaks in cultureds disease free for specific pathogens before
organisms. Disease outbreaks often occur whethey can cross state lines. The result is a
poor conditions causing stress are combinedpatchwork of regulation that may impede the
with the presence of opportunistic pathogensmovement of aquacultural produéts.

(134). Similarly, drugs used in aquaculture (box 2-

Preventing stress in cultured organisms isl) must meet numerous safety amfficacy
essential for maintaining healthy populations. requirements and be approved by the Food and
Stress weakens the immune system and allow®rug Administration. This process is expensive
disease organisms to multiply and gain aand approval only can be granted for the
foothold (134). Stress may be caused byspecific drug application and species for which
physical damage to the organism, crowding,the data were generated. This system has
handling, and poor water quality conditions resulted in the approval of five drugs for legal
such as widely fluctuating water temperatures,use in aquaculture, four of which are currently
low dissolved oxygen levels, and high ammoniaavailable (table 2-1). Members of the industry
concentrations (134). Strategies for controlling contend that this is too few drugs to address a
disease outbreaks rely on good husbandry asvide range of potential disease problems and
well as treatment (127). that the risk of catastrophic loss inhibits

expansion of the industry (131).

CONGRESSIONAL INTEREST

Four major areas of congressional interest in
aquatic health management include existing
legislation governing interstate transport of 1 _ _
aquaculture products, federal regulation Eederal and statg ro!es in the Lacey Agt are covermpme .
. . depth in the OTA publicatiotdarmful Non-Indigenous Species in
regarding use of drugs for cultured organisms, e united States OTA-F-565 (Washington, DC: U.S.

Government Printing Office, September 1993).

gsn
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BOX 2-1: Health Related Definitions

Antibiotic: Substance that may inhibit the growth of or destroy microorganisms and is widely used to
prevent or treat diseases.

Bacteria: One-celled microorganisms that have no chlorophyll, multiply by simple division, and can be seen
only with a microscope.

Best management practices: Husbandry practices that strive to ensure optimal health, production, and
economic performance with minimal adverse environmental impact.

Biologics: Category of health intervention tools which include vaccines and diagnostic test kits.
Chemical prophylaxis: Chemical treatment to reduce disease-causing organisms before outbreak occurs.

Drug: An article that is intended for use in the diagnosis, cure, mitigation, treatment, or prevention of
disease in humans or other animals; an article (other than food) intended to affect the structure or any function
of the body of humans or other animals.

Extra-label use: The use of an approved new animal drug in a manner that is not in accordance with the
approved label directions.

Investigational new animal drug (INAD) exemption: Exemption authorized under the Federal Food, Drug,
and Cosmetic Act to permit the shipment of new animal drugs in interstate commerce without an approved new
animal drug application.

Low regulatory priority (LRP) substance: Unapproved new animal drug for which FDA has a policy of
regulatory discretion that allows the use of such a substance without an approved new animal drug application
or INAD (Investigational New Animal Drug) exemption.

New animal drug: Any drug intended for use in animals other than people, the composition of which is not
generally recognized among experts qualified by scientific training and experience as safe and effective for use
under the conditions prescribed, recommended, or suggested in its labeling.

New animal drug application (NADA): An application package submitted to FDA for review that requests the
approval of a new animal drug. The application includes sufficient data to establish the safety and
effectiveness of the drug product, along with other requirements.

Parasite: A plant or animal that lives on or in an organism of another species from which it derives
sustenance or protection without benefit to, and usually with harmful effects on, the host.

Pathogen: Any agent, especially a microorganism, able to cause disease.

Pesticide: Any substance or mixture of substances intended for preventing, destroying, or repelling any
pest, and any substance or mixture of substances intended for use as a plant regulator, defoliant, or desiccant.

Pharmacokinetics: The study of the absorption, metabolism, and action of drugs.

Prescription (Rx) drug: An animal drug for which adequate directions for safe and effective use by a lay-
person cannot be written and which therefore must be prescribed by a licensed veterinarian. The label bears
the statement, "Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian."

Registration: Under the Federal Insecticide, Fungicide, and Rodenticide Act, the formal listing with EPA of a
new pesticidal active ingredient prior to its marketing or distribution in intra- or interstate commerce.

Specific Pathogen Free (SPF): Organism certified free of specific pathogens.
Therapeutant: Term used interchangeably with the word drug; not used by the FDA.

Tissue residue: The drug, pesticide, or toxic breakdown product remaining in edible tissue after natural or
technological processes of removal or degradation have occurred.
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Box 2-1: (Continued)

Tolerance: The maximum amount of pesticide or drug residue allowed by law to remain in or on a harvested
crop or food animal product. EPA sets tolerances for pesticides and FDA sets tolerances for drugs so that
treated crops or animals consumed do not pose an unreasonable risk to consumers. Tolerances are set for
food-use crops on a per-crop basis. Tolerances are set for animal products on the basis of individual species
and tissue (muscle, liver, etc.).

Vaccine: A preparation of killed microorganisms; living attenuated, fully virulent, or related nonvirulent
microorganisms; or parts of micro- or macroorganisms that are administered to produce or increase immunity
to a particular disease.

Virus: Particles that are composed of genetic material (RNA or DNA) and a protein coat. Viruses can infect
animals, plants, and, bacteria. Viruses only can reproduce within living cells.

Withdrawal time: The minimum required period of time between the last drug treatment of an animal and
the slaughter or release of that animal.

SOURCES: Joint Subcommittee on Aquaculture, Working Group on Quality Assurance in Aguaculture Production, in cooperation
with the Extension Service, Guide to Drug, Vaccine, and Pesticide Use in Aquaculture (Washington, DC: U.S. Department of
Agriculture, 1994); G. Stefan, Chief of Industry Programs, Center for Veterinary Medicine, Food and Drug Administration,
Rockville, MD; and Webster's New World Dictionary, Third College Ed., V. Neufeld and D.B. Guralink (eds.)(New York, NY:
Simon & Schuster, Inc., 1988).

Establishing priorities for aquatic animal dangerous blood disorder) in some individuals

health management research, evidenced by thel6). ~ Other antibiotics can cause allergic
formation of a JSA task force, is another major €actions ranging from a mild skin rash to
area of congressional interest. Some have?otentially fatal responses.

argued that this: reseqrch is conducted without Human consumption of low levels of
adequate attention to industry concerns. Othergntibiotics, as residues in fish tissue, may

believe that more funding should be provided contripute to development of antibiotic resistant

approvals. become resistant to antibiotics and pass this

Congress also may be interested in aquaticresistance on to human pathogenic bacteria.
health management to ensure adequateS“Ch bacteria may be potentially untreatable
protection of public health. Chemicals and When they cause disease in huménsit is
antibiotics used in health management can leavéuspected that long-term, low level exposure of
residues in cultured and wild organisms, leadingPacteria to an antibiotic may contribute to
to health problems for consumers as well asdevelopment of resistance to that antibiotic in
harming the environment, and potentially that bacterial population. Because of these
creating antibiotic resistant strains of pathogens CONCerns, antibiotic use must be restricted to
Consumption of products containing antibiotic 2PProved uses, in accordance with approved
residues can lead to direct human healthdosages, and with adherence to approved
problems. For example, the antibiotic withdrawal times before slaughter, to preclude

chloramphenicdl may cause aplastic anemia (a "eSidues in edible tissue (45).

3 For more information on problems associated with antibiotic
2 Residues of this chemicdlave been found in imported  resistant bacteria see the OTA publicatibnpacts of Antibiotic
shrimp, but it is not used in aquaculture in the U.S. (110). Resistant Bacteri@Washington, DC: OTA, September 1995).
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Thus, if drugs are used as prescribed, residudealth risks (150).
levels in cultured organisms should not posewas

found to

Antibiotic use, however,
vary by orders of

| TABLE 2-1: FDA-Approved New Animal Drugs as of July 1995 |

Trade name Active drug Species Uses
Finquel Tricaine Ictaluridae, Salmonidae, Temporary immobilization (anesthetic)
(MS-222) methanesulfonate Esocidae, and Percidae.
(In other fish and cold-
blooded animals, the drug
should be limited to
hatchery or laboratory
use.)
Formalin-F& Formalin Trout, salmon, catfish, Control of external protozoa and monogenetic
Paracide-F large-mouth bass, and tremotodes
Parasite-S bluegill
Salmon, trout, and esocid | Control of fungi of the family Saprolegniacae
eggs
Cultured penaeid shrimp Control of external protozoan parasites
Romet 30 Sulfadimethoxine Catfish Control of enteric septicemia
and ormetoprim
Salmoids Control of furunculosis

Sulfamerazine in fish
gradeb

Sulfamerazine

Rainbow trout, brook
trout, and brown trout

Control of furunculosis

Terramycin for fish

Oxytetracycline

Catfish

Lobster

Salmonids

Pacific salmon

Control of bacterial hemorrhagic septicemia
and pseudomonas disease

Control of gaffkemia

Control of ulcer disease, furunculosis,
bacterial hemorrhagic septicemia, and
pseudomonas disease

Marking of skeletal tissue

aOnIy Parasite-S is approved for use in shrimp. Formalin-F and Paracide-F are not approved for use in shrimp (45).
According to sponsor, this drug is not presently being distributed.

SOURCE: Joint Subcommittee on Aquaculture, Working Group on Quality Assurance in Aquaculture Production, in cooperation with the Extension
Service, Guide to Drug, Vaccine, and Pesticide Use in Aquaculture, (Washington, DC: U.S. Department of Agriculture, 1994).

magnitude at different salmon farms in PugetMussels caught near net-pen facilities in
Sound (150). In areas where antibiotics haveNorway and red rock crabs caught near net-pens

been used in large quantities, problems havdn Puget Sound have had antibiotic
arisen when wild organisms in the vicinity of concentrations —exceeding accepted tolerance
aquaculture facilities have eaten large amountdeVels (84,150).  Therefore, consumption of
of medicated feeds, or taken in excessiveWild fish harvested from the vicinity of net pens
antibiotics by filter feeding. Wild fish and May pose human health concerns. Quality



Chapter 2: Aquatic Animal Health9

assurance programs and educational efforts t@almon, trout, and oysters, information may be
ensure proper use of antibiotics in the Unitedlacking.

States attempt to address these problems. , . .
P P Few reliable data exist on the impact of

diseases in aquaculture production. Even the

ISSUE IDENTIFICATION precise number of organisms a producer begins
L with may be unknown. For example, when an

Issue: Establishing Best aquaculture producer begins an operation with

Management Practices fry or fingerlings, they are often packaged by

Good husbandry is a critical factor in weight and the producer may never know the
managing aquatic animal health. Maintaining exact numbers of organisms purchased.
proper environmental conditions, selecting Harvested organisms also may be sold by
healthy organisms, providing a nutritious diet, weight and not number. Stocking ponds that
reducing stress, vaccinating organisms, andcontain organisms left from the previous crop
rapidly diagnosing, isolating, and treating may further complicate precise estimates of
disease outbreaks all are important aspects ofiumbers of organisms contained in a pond (80).
good husbandry. Establishing consistentIn addition, high losses in early life stages lead
procedures or Best Management Practicesnany aquaculturists to start the production
(BMPs) for aquaculture operations may cycle with fertilized eggs in excess of what they
facilitate aquatic health management (120).require for final production. High mortality in
BMPs, however, will be most effective for early production phases is typically accepted as
systems where control of environmental part of the process and, thus, causes newer
conditions is more complete, as in recirculating be fully investigated (89).
systems. In other systems such as outdoor
ponds, where it is more difficult to control
environmental parameters, BMPs mayrhere
difficult to identify and implement.  For

In some circumstances, loss of organisms can
be attributed to specific causes such as escape of
organisms, a natural disaster, or predation.
eHowever, it is usually difficult to determine all
"“hhe reasons for loss of organisms before harvest

qgﬁg?mergigagergfﬂrguIgr?ceggfsOnudsual_l,lzm:zespecially when the number of organisms at the
b P yp pond. beginning, middle, and end of the cycle has

wh_ere the research is conducted often havenever been accurately measured (80,89).
uniform areas, depths, are of the same

hydrological type, and generally have similar jssye: Availability of Health Products
watersheds (14). Procedures that work well in and Services

specific experimental units may yield different ) . . i
results when used in ponds that are physically Managing the health of aquatic organisms is
different. It may be difficult to produce BMPs iacilitated Dby ~veterinarians, aquatic animal
that are applicable to a wide range of situationshealth specialists, diagnostic labs, and specific

due to the large variability from system to Products such as vaccines.  Provision of
system, even from one pond to another (14).  Services and dlstrlbL_Jtlon_of product_s, hgweyer,
is not uniform nationwide. Availability is

Although many species are raised UhS. likely to be high in areas with established
commercial aquaculture, details about theiraquaculture industries, but low in areas with
lifecycles, nutritional requirements, fewer aquaculture facilities.

environmental tolerances, and diseases are )
commonly unknown, making it difficult to  Aduatic health management would be

devise BMPs. Even for species such as catfishfecilitated by greater use and availability of
appropriately trained veterinarians, diagnostic
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and extension services. Veterinarians are In addition to diagnostic and laboratory
important because they are the only peopleservices, vaccinations could facilitate aquatic
legally able to prescribe antibiotics or make health management. Although numerous
provisions for extra-label drug use (use beyondvaccines are marketed, the majority are limited
that described in the drug's initial license). as to their applications. Of the 15 products
Currently, there is a shortage of veterinarianslicensed with the U.S. Department of
trained in managing the health of aquatic Agriculture, 12 are specifically used for
organisms. A survey conducted in 1993 foundsalmonid production, one can be used with
that only 17 of 35 states had private or public catfish, and two are nonspecific and can be used
veterinarians that specialized in aquatic animalwith any finfish (71). Additionally, vaccines
health (143). Interest in aquatic health are often effective against the causative agent(s)
management, however, is on the rise. Twentyof only one disease (or monovalent).

four of the thirty one American Veterinary
Medical Association (AVMA) accredited
veterinary schools in North America now offer
classes in aquatic medicine (113). By 1992,
thirty seven percent of all graduating veterinary

students had taken at least introductory course;%he degree of protection they provide may be

In aquatic medicine. ~Some schools recIUirevariable depending on environmental conditions
students to enroll in aquatic medicine classes P g

(113). As opportunities to practice aquatic at the time of administration (111). They also

medicine increase, more students are likely tom"’llty bg ?'ﬁ'zyltmto 8e9ffect|vely administer to
become interested in this field. cultured organisms (89).

Vaccines are not widely used in the United
States because they are costly, they are only
available for a narrow range of cultured
organisms and, they commonly provide
rotection against only one type of disease (89).

Vaccination, however, can be effective in
lPringing disease outbreaks under control. For

management, Diagnostic, laboratory, andexample, in the 1980s, cold water vibriosis, a

. . i lem for Norwegian salmon farmer
extension services are offered by some federarerlous problem for Norwegian salmon farmers,

agencies (or example, APHIS or FWS), by (0% W conioled by suoanded use of
state agencies including state veterinary. €S S disease (. )- ’
evidence that vaccination can be a cost

schools, and in some cases laboratories thalt . R .
offer traditional services for livestock and effective measure m_ "”!'“”9 dlseas_e outbregks.
poultry (113). Not all states have facilities for fThe COISt. Of. vaccinating _salmﬁmdﬁ against
disease diagnosis; some may offer only partial urunculosis in a Norwegian hatchery was

services. Producers in many states routinelyesumated to be less than 10 percent of the cost

send material out of state for diagnostic servicesOf pro_vldmg mgdlcatlon after an outbreak
(113). However, the difficulty of properly according to Leiv Aarflot, president of the

shipping diseased organisms in some cases mayorwggla_n Association of Aquaculture
preclude use of such services. Disease eterinarians (111). Similarly, vaccines may be
diagnosis is usually most effective with live effective at reducing losses due to outbreaks of

organisms or organisms that have just died viral diseases for which there are no treatments.

Improper methods of preservation or long time As vaccines gain wider use in the industry other

delays until samples reach laboratories maygenmenc'tS ?Is?h mazvi?pﬁn?\a;tl?fhrjr?lrl]g reducedf
make it difficult to identify the disease. canadeé o h€ environment irom [€ss USe o

Therefore, on-site diagnostic services may bepotentlally harm_ful_ .Chem'cals. _and safer
the most useful but also are the most difficult to products due to diminished antibictic use (101).

provide.

The use and availability of diagnostic
services also may be a factor in aquatic healt
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Issue: Availability of Approved safe and effective by the drug sponsor. Data
Drugs must illustrate that the drug will be consistently
and uniformly efficacious; that it will not harm
ghe recipient; that it is safe to consume products
derived from the recipient of the drug; that it
will not affect people administering the drug or
andling the recipient; and that the drug will not
have an adverse impact on the environment
(141). Generating data to meet these
requirements is time consuming and expensive.

Most individuals involved in aquaculture
development describe lack of approved drugs a
a major problem for the industry. Currently
four drugs are approved and for use in aquatlch
species (table 2-1 and box 2-1). Another 17
drugs have been given low regulatory priority
(box 2-2 and table 2-2) if they are used as
prescribed (71). Low regulatory priority
substances fit the definition of a drug as stated |t is further required that drugs be approved
in the Federal Food, Drug, and Cosmetic Act,on a species by species basis for a specific
but present few safety concerns if used asapplication. A cautious, species by species
specified and thus are allowed for such use (44)approach to drug approval has been
implemented because many factors influence
drug uptake, metabolism, and elimination.
Different species may exhibit large differences

Drug approval, performed by the Food and
Drug Administration, requires that potential
drugs have been established scientifically as

BOX 2-2: FDA Comments on Low Regulatory Priority Drugs

Why are garlic, ice, and onion described as low regulatory priority drugs? This question is often
asked by aquaculture producers and others when reading over the list of low regulatory priority drugs
prepared by FDA. Gary Stefan, Chief, Industry Programs, Center for Veterinary Medicine (as quoted in
the July 1994 issue of The Aquaculture News) makes the following statements regarding FDA's position
on this matter:

The [Low Regulatory Priority] list has for some time included certain seemingly innocuous substances,
such as salt, ice, onion and garlic. [FDA] continue[s] to receive comments and questions as to why such
substances are on the list.

The short answer is that we were asked for regulatory determinations on these substances and we
wanted to be responsive to the requests. The substances are technically 'drugs' under the Federal Food, Drug
and Cosmetic Act when used as proposed. By adding the substances to the LRP list, however, we intended to
indicate that we had no regulatory interest in them, and we hoped that would put the matter to rest.

As you may know, the definition of a drug in the Federal Food, Drug, and Cosmetic Act (the Act) is very
precise. To paraphrase, any article intended for use in the diagnosis, cure, mitigation, treatment, or prevention of
disease in man or other animals, and any article (other than food) intended to affect the structure or any function
of the body of man or other animals, is a drug. The key phrase is "intended use." For example, ice, when used
to reduce metabolic rate (a function of the body of fish), would meet the definition of a drug under the Act
because of its intended use. The use of ice for the purpose, such as preventing spoilage, would not be
considered a drug use.

Due to the precise definition of the term "drug" in the Act, certain seemingly innocuous substances are
defined as drugs for certain uses. [FDA] does not have the discretion to define such uses as non-drug uses.
The fact that certain substances are common in nature or are found in the human diet does not preclude their
being defined as drugs for their intended uses. However, we do have authority to exercise regulatory discretion
where the intended use does not raise significant human food safety or other concern.

SOURCE: "FDA Updates, Clarifies Information On Drugs Used In Aquaculture," Aquaculture News 2(9):16, July 1994.

| TABLE 2-2: Unapproved New Animal Drugs of Low Regulatory Priority |

Common name Permitted use
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Acetic acid

Used as a dip at a concentration of 1,000 to 2,000 milligrams per liter (mg/L)for 1 to 10
minutes as a parasiticide for fish.

Calcium chloride

Used to increase water calcium concentration to ensure proper egg hardening. Dosages used
would be those necessary to raise calcium concentration to 10-20 mg/L calcium carbonate.
Also used to increase water hardness up to 150 mg/L to aid in maintenance of osmotic balance
in fish by preventing electrolyte loss..

Calcium oxide

Used as an external protozoacide for fingerling to adult fish at a concentration of 2,000 mg/L
for 5 seconds.

Carbon dioxide gas

Used for anesthetic purposes in cold, cool, and warmwater fish.

Fuller's earth

Used to reduce the adhesiveness of fish eggs in order to improve hatchability.

Garlic (whole)

Used for control of helminth and sea lice infestations in marine salmonids at all life stages

Hydrogen peroxide

Used at 250-500 mg/L to control fungi on all species and at all life stages of fish, including
eggs.

Ice

Used to reduce metabolic rate of fish during transport.

Magnesium sulfate
(Epsom salts)

Used to treat external monogenetic trematode infestations and external crustacean infestations
in fish at all life stages. Used in freshwater species. Fish are immersed in a solution of 30,000
mg/L magnesium sulfate and 7,000 mg/L sodium chloride for 5 to 10 minutes.

Onion (whole)

Used to treat external crustacean parasites and to deter sea lice from infesting external surface
of fish at all life stages.

Papain

Used as a 0.2 percent solution in removing the gelatinous matrix of fish egg masses in order to
improve hatchability and decrease the incidence of disease.

Potassium chloride

Used as an aid in osmoregulation to relieve stress and prevent shock. Dosages used would be
those necessary to increase chloride ion concentration to 10-2,000 mg/L.

Providone iodine
compounds

Used as a fish egg disinfectant at rates of 50 mg/L for 30 minutes during water hardening and
100 mg/L solution for 10 minutes after water hardening.

Sodium chloride
(salt)

Used as a 0.5-1% solution for an indefinite period as an osmoregulatory aid for relief of stress
and prevention of shock. Used as a 3 percent solution for 10-30 minutes as a parasiticide.

Sodium sulfite

Used as a 15 percent solution for 5 to 8 minutes to treat eggs in order to improve hatchability.

Thiamine
hydrochloride

Used to prevent or treat thiamine deficiency in salmonids.

Urea and tannic
acid

Used to denature the adhesive component of fish eggs at concentrations of 15 g urea and 20 g
NaC1/5 L of water for about 6 minutes, followed by a separate solution of 0.75 g tannic acid/5
L of water for an additional 6 minutes. These amounts will treat approximately 400,000 eggs.

NOTE: FDA is unlikely to object at present to the use of these low regulatory priority substances if the following conditions are met:

arwNE

The drugs are used for the prescribed indications, including species and life stage where specified.
The drugs are used at the prescribed dosages.

The drugs are used according to good management practices.

The product is of an appropriate grade for use in food animals.

An adverse effect on the environment is unlikely.

FDA's enforcement position on the use of these substances should be considered neither an approval nor an affirmation of their safety and
effectiveness. Based on information available in the future, FDA may take a different position on their use.

Classification of substances as new animal drugs of low regulatory priority does not exempt facilities from complying with other federal, state, and

local environmental requirements.

For example, facilities using these substances would still be required to comply with National Pollutant

Discharge Elimination System requirements.

SOURCE: Joint Subcommittee on Aquaculture, Working Group on Quality Assurance in Aquaculture Production, in cooperation with the Extension
Service, Guide to Drug, Vaccine, and Pesticide Use in Aquaculture, (Washington, DC: U.S. Department of Agriculture, 1994).
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in processing drugs. For example, catfish(90)- Microbial ~ surveys of aquatic

treated with oxytetracycline, an approved anti- €nvironments near fish farms show th_at there
biotic, reduce tissue concentrations of this@'€ approximately 20 groups of microbes,
chemical to acceptable levels within two days Potentially pathogenic to humans, commonly
(at 27C or 8FF), while chinook salmon found inthese areas (82,90).

require 30 days to reach the same tolerance antipiotics or their metabolites are released
level (at 8 to 10C or 46 to 50F) (5,110). jnto the water in feed in feces. High levels of
Moreover, the same species may eliminate subyr,gs may enter the environment for several
stances more slowly if the drug is administeredeasons. First, antibiotics may not be absorbed
at less than optimal temperatures (11). well in the gut of the animal requiring higher
The distribution of a drug in body tissues can concentrations of these substances in the food.
also be important and may vary from species toOXytetracycline ~and other antibiotics for
species. Drug residues may be higher inexample are anlnlstgred to fish in doses that
internal organs or the skin than in muscle. Inare five to 10 times higher than doses used for
some species, such as catfish, this is of littlehumans (84). ~ Second, sick animals have
concern because the skin typically is notréduced appetites and generally do not consume
consumed. In many salmonids, however, theth? same quantities of food that healthy fish
skin may be eaten regularly and, if drug might normally consume (62). Excess food,

residues are retained at high concentrations irfherefore, may filter out of the cage and end up
consumer (110). Further studies of drug chemicals may rapidly degrade or, depending

distribution in the tissues are needed as well afn environmental conditions, may persist at low
research on the metabolism of drugs. levels for extended periods (for at least one

_year) of time (123,150). In one experiment
Thorough research for drug approval also isconducted in Norway, it took 142 days for
required to ensure protection of the jnjtial oxytetracycline levels in the sediments

environment. Studies have found that pelow a net pen to degrade by one half (123).
antibiotics released into unconfined

environments may alter the ecosystem. In some [ntroduction —of  antibiotics into  the
cases, antibiotics released into the water withenvironment can alter the dynamics of
feeds have adversely affected benthicMicrobial populations as well as affect
organisms. In other instances antibiotics haveorganisms higher in the food chain (84). In
been found in wild organisms in the immediate SOM€ Ccases, detrimental effects on fish growth
vicinity of fish farms that were using antibiotics @nd development have been observed when
in fish feed (36). For example, in a study antibiotic concentrations in the water reached
conducted in Norway, wild fish caught in the high levels (84). Additionally, chemicals that
vicinity of a fish farm immediately after drug 2re toxic or that degrade slowly may build up to
treatment of the cultured fish contained high concentrations in the sediments and have
concentrations of the drug oxytetracycline atdetrimental —effects on  bottom-dwelling
levels many times higher than allowed by Organisms

Norwegian law (84). Cooking the fish for 15 The main obstacle to obtaining additional
minutes did not reduce the drug residues presenjnproved drugs is the cost of generating

also have been found where antibiotics have

been widely used in aquaculture (36,123). - _ o
There is a danger that human pathogens present To date m(.)s.t |InC|dents of envwonmenteﬂ |mpa|rment caused
. . . . . .. by use of antibiotics have taken place in situations where
in marine environments could become antibiotic antibiotics were used prophylactically. Current regulations and

resistant and thus adversely affect human healtlthe cost of administering antibiotics restrict this type of antibiotic
use in the United States (135).
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both effective and safe. Moreover, because thigo generate the data necessary to gain drug
process must be repeated for each species arapprovals (43).

each disease, only a few drugs are approved and Recent legislation (Public Law 103-396)

they are only permitted for use in a smal addressing extra-label use of drugs, amends the
number of species. Estimates for obtalnlngFederal Food, Drug, and Cosmetic Act to

approval for a new animal drug to be used in ) S . .

food fish range from $3.5 million to $20 million PE'MIt @ veterinarian to order "1) a new animal
dollars (43). Private industry is reluctant to d_rug, approved for one use to be u;ed for a
invest these sums due to the market potentiapl'ﬁerent purpose other than a use in or on
for aquaculture drugs in the United States."’m'm"’1| feed; and 2) a new drug app'r'oved for
Federal and state agencies are trying to addre%uman use to be used in animals." Some

this situation by investigating the concept of elieve th's. Ieglslatlc_m could help —the
crop grouping, by conducting research unoleraquaculture industry gain access to more drugs

joint federal-state partnerships, and by allowingto aid disease control (132). Conversely, others

some extra-label use of approved drugs (e.g.ibnefj“e\f[‘ra thi)selc"";’nsr‘zayopa;’e g'g:gagefL?Ctsﬁﬂ;EF
use in other species). ustry g y

trained veterinarians in some areas and because
Crop grouping has been proposed to hasterof its potential to restrict FDA's current policy
the development of data required for New of allowing some extra-label use of medicated
Animal Drug Approval. Normally, a drug must feeds (45,132).
be shown to be effective for each species and its o ]
disease condition; any other use is illegal. /Ssue: Coordination of Regulation
Obtaining separate approvals for each situation At least six federal agencies and numerous
is costly (70). Crop grouping allows data state agencies are involved in aquatic health
obtained for a representative species of a groupnanagement issues (tables 2-3 and 2-4). Many
of species to be used to approve the drug for alinvolved in the aquaculture industry believe that
members of that group. Species might bethe distribution of regulations among so many
grouped according to genetic similarities (e.g.,agencies is confusing. For example, pesticides
rainbow trout might represent salmonids), or for aquatic use are governed by the EPA,
environmental characteristics such as salinityantibiotics, other drugs, animal feeds, and feed
requirements or water temperature (e.g., warm-additives are regulated by the FDA (45), and the
water fish, cool-water fish, or cold-water fish). licensing of vaccines is the responsibility of
Studies showing that the selected groups ofAPHIS. States may have their own laws
organisms metabolize various classes of drugsegulating transport of cultured products across
in a similar fashion will be needed (70). state boundaries as well as other aquatic health

The National Research Support Project for management regulations.

the Minor Use Animal Drug Program (NRSP-7)  In addition, federal and state authorities may
is also a mechanism for making additional be split for some regulatory activities. For
drugs available to producers. The NRSP-7example, the EPA may cede authority to issue
program (formerly called the IR-4 program) effluent emission permits to a state agency. The
provides funding for research needed to obtainstate agency is responsible for making sure that
clearance for animal drugs for minor and basic federal requirements are met along with
specialty crops (91). All cultured aquatic any additional state regulations (121). State
species are considered minor or specialty cropswater-quality programs may help to determine
Since 1990, 30 percent of NRSP-7 fundswhere shellfish can be safely grown (120).
(totaling $664,500 from 1990 to 1994) have Likewise, many states have enacted their own
been used for research on drugs for use inversions of the Food, Drug and Cosmetic Act,
aquaculture. Critics of the NRSP-7 program making it illegal to transport contaminated or
claim that it is not funded at a high enough level adulterated food within state boundaries (121).
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Seafood-safety inspections also may be carriedions, land-grant colleges, and colleges of vet-
out at the state level, especially in states such asrinary medicine. Recently, 39 states have
Florida that produce large quantities of seafoodjoined the federal government in an $8 million
(122). study of eight drugs determined to be priority
needs for disease treatment in state and federal
Ratcheries as well as in aguaculture systems
(148).

States also may be acceded some authority t
administer the Lacey Act. The Lacey Act
attempts to restrict the movement of potential
pathogens into the United States and into
watersheds where the pathogen is not currentI);rECHNO'—OGIES IN AQUATIC
found. The Lacey Act attempts to accomplish HEALTH MANAGEMENT:
this goal by formulating a list of “injurious” PREVENTION AND TREATMENT

species or groups of fish, wildlife, and fish _ L :

pathogens that states are prohibited from im- Disease prevention is accomplished by good
porting (139). Oversight of this legislation is hugbandry practices such as maintaining
the responsibility of the U.S. Department of the OPimum  environmental ~ conditions, = good

Interior, Fish and Wildlife Service. States, Sanitation, and proper nutrition; by breeding

however, may develop prohibited species Iistsdlsease-re3|stant varieties and using certified

that suit their own unique needs. Many statesdisease-free  stocks; —and by chemical

require aquaculture products to be certified agPrOPNYaxis, vaccination, and disease diagnosis
disease free for specific pathogens before the)§127)-

can cross state lines (143). This 