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Atthe AquacultureResearchStation, whichisthreemiles fromthel SUcampus atBaton
Rouge, therearemorethan 200fishculturetanks, afishhatchery, anaquaculture
greenhouseanda22,000square-footaquacultureresearchlaboratory. Thesefishculture
tanksare 1 2feetindiameter.

Researchfacilities and support

The Aguaculture Research Station is one of 20 branch stations of the Louisiana
Agricultural Experiment Station. The facility, whichincludes morethan 200fish culture
tanks,afishhatchery,anaquaculturegreenhouseanda22,000 square-footaquaculture
research laboratory, is three miles south ofthe LSUcampus in Baton Rouge. Thefacility
alsoincludes 146earthen ponds, ranginginsizefrom 17 acresto0.1 acre, thatcover 100
surfaceacres ofwater. Crawfishaguaculture researchis conductedattheRice Research
StationatCrowleyin 55 earthen pondswith supporting laboratories. Otherresearch
programs are routinely conducted at commercialaquaculture farms. Aquaculture
researchis alsopartofthe research programin sevenacademicdepartmentsincluding
the School of Forestry, Wildlife and Fisheries; School of Veterinary Medicine; and the
departments of Agricultural Economics and Agribusiness, Biological and Agricultural
Engineering, Food Science, Civiland Environmental Engineering,andVeterinaryScience.

Fundingforaquaculture research comes from state and federal appropriations,
statecommodityboards suchas the LouisianaCrawfishand LouisianaCatfish promotion
andresearch boards, federaland state agencies, the Southern Regional Aquaculture
Centerand private sectorgrants and contracts.

Tosupportaquacultureresearch, the LouisianaCooperative ExtensionService has
twostatewide aquaculturespecialistsand 10areaaquacultureandfisheries agents.

TheSchool of Veterinary Medicine and Department of Veterinary Science have
excellentlaboratories tosupportresearchonaquaticanimal diseases,and the school
houses the Aquatic Animal Diagnostics Laboratory, a unitwhich provides disease
treatmentrecommendations tothe state’s aquaculture producers atnocharge. The
Muscles Food Laboratoryand the Agricultural Chemistryand Food Science departments
supportresearch on seafood safetyand developmentofvalue-added products. B
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Research and Extension Programs
Address Needs of Louisiana’s
Aquaculture Industry

Even though aquaculture, or
“farming of the waters,” has been
practiced for centuries, it was more “art”
than “science” until late into the 20"
century. Today, the scientific principles
used in traditional animal husbandry are
applied to aguaculture, and new tech-
nologies to improve sustainability and
profitability of fish farming enterprises
are being developed rapidly. Aquacul-
tural sciences, traditionally dominated by

"N

Theaquacultureresearchfacility, whichwas builtin 1991,

Robert P.Romaire

grant institutions in alocating resources
to research and extension programs in
aquaculture.

With plentiful water, flat terrain and
abundant coastal wetlands, Louisianaisa
national leader in area and revenues
derived from aguaculture. In 1998,
nearly 3,600 aquaculture producers
harvested more than 123 million pounds
of cultivated aguatic animals with afarm
value of $152 million; value-added

£k e
becametheAquaculture

ResearchStationin 1998.RobertRomairewasnameditsfirstresidentdivector.

aguatic biologists, now include scientists
from many disciplines, such as engineer-
ing, veterinary science, economics and
food science. Their contributions have
significantly increased the rate of
development and adoption of new
technologies. The LSU Agricultural
Center has been aleader among land-

Robert P. Romaire, Resident Director and
Professor, Aquaculture Research Station, LSU
Agricultural Center, Baton Rouge, La.

4 LouisianaAgriculture, Fall 1999

contributed $99 million. Louisiana has
among the most diversified aquaculture
industries in the country led by channel
catfish, crawfish, oysters and aligators
followed by smaller commodities
including bait minnows, soft-shell crabs
and soft crawfish, hybrid striped bass,
red drum, tilapia, gamefish fingerlings,
turtles and ornamental fishes. State and
federal fish hatcheriesin Louisiana
produce more than 6 million recreational
game fish, such aslargemouth bass,
striped bass, hybrid striped bass, catfish

(blue, channel, flathead), paddlefish and
forage species (koi, golden shiner,
bluegill) for stock enhancement of the
state’ s recreational public water bodies.

Industryfaces challenges

Louisiana’s aquaculture industry is
not without problems though. Several
commodities are threatened by competi-
tion from foreign imports, environmental
restrictions on land and water use, price
increasesin farm services and supplies,
diseases associated with intensified
production, off-flavor that hinders fish
sales, bird depredation and difficultiesin
securing financing from commercial
lenders. Continued growth and
sustainability of the state’ s aquacultural
enterprises depend on solutions from
LSU Agricultural Center scientists being
implemented by industry.

In 1966, to address the needs of the
state’ s fledgling aguaculture industry,
the Louisiana Agricultural Experiment
Station (LAES) hired James W. Avault
Jr. asaprofessor of aguaculturein the
School of Forestry, Wildlife and Fisher-
ies. Dr. Avault quickly initiated research
programs that led to major changes and
spurred growth in the state’'s crawfish
farming industry. Research programs
addressed the needs of the state’s catfish
farmers, and the potential for commer-
cial development of other speciesin
L ouisiana was investigated, including
marine shrimp, red drum, pompano,
freshwater prawns, bait minnows, hybrid
striped bass and tilapia.

In 1980, Dr. Avault wrote a report
that laid the groundwork for along-term
program to enhance aguaculture research
and technology transfer. Since then,
aquacultural scientists were hired and
research facilities upgraded and ex-
panded. To bolster the effectiveness and
efficiency of aquaculture research, LSU
Agricultural Center administration
created the Aquaculture Research Station
on July 1, 1998. Its mission is to enhance



the competitiveness and
profitability of the state’s
aquaculture producers and
to promote the industry’s
continued economic

devel opment.

In 1999, the LAES has
15 aquaculture research
projectsinvolving 12 senior
scientists and numerous
support personnel. Most
scientists havejoint
appointments with the LSU
College of Agriculture to
support teaching and
graduate education pro-
grams. Four senior scien-
tistsonthe LSU A&M
campus direct aguaculture
research, teaching and
graduate education pro-
grams and work closely
with Ag Center personnel.
In 1999, scientists super-
vised 35 graduate students,
including 16 working on
doctoral degrees and 19 on
master’ s degrees.

LSU Agricultural Center aquacul-
tural scientists work closely with
personnel in the L ouisiana Department
of Wildlife and Fisheries (LDWF) and
the Louisiana Department of Agriculture
and Forestry (LDAF). Early LAES
research on mariculture was conducted
at coastal aquaculture facilities operated
by the LDWF. Collaborative LAES
research programs in aguaculture have
existed with scientists at regional
universities including the University of
Louisiana at L afayette, Northwestern
State University of Louisiana, Nicholls
State University, Southern University
and the Louisiana Universities Marine
Consortium (LUMCON).

Aquaculture research and extension
programs address many issues:

B developing management proce-
dures for minimizing water use,
effluent discharge and recycling
water resources

B searching for genetic improve-
ment of cultivated finfish and
shellfish stocks through selec-
tive breeding, hybridization,
polyploidy, sterilization and
transgenic manipulation

B improving fish feeds for cost
reduction and enhanced growth,
and developing environmental
friendly feeds that minimize
nutrient release to the aquatic
environment

ResearchStationinCrowley.

B developing water management
systemsthat limit water use,
minimize waste discharge,
minimize off-flavor in cultivated
species and maintain a healthy
environment of the cultivated
fish, crustacean or mollusk

B developing vaccines and other
management procedures that
reduce the incidence and
severity of diseasesin cultivated
aquatic animals

B investigating the potential for
culture of non-indigenous
species and their impact on
native species

B improving production strategies
and management programs to
improve culture efficiency

B developing value-added pro-
ducts and improvements in
product quality

B addressing economic sustain-
ability of aguaculturein
Louisiana

L ouisiana has a unique opportunity

to take advantage of continuing demand
for fisheries products. Louisiana has the
resources needed for aquaculture
development, including highly fertile,
flat agricultural lands conducive to pond
development, along growing season,
abundant surface water and ground water

__PhotobyJohnWozniak
-

resources, and nearly 30 percent of the
nation’s coastal wetlands. Aquaculture
integrates well into traditional agricul-
tural operations and has potential to
diversify business opportunities for
Louisiana grain and animal producers.
Continued and expanded contribu-
tions of aguacultureto Louisiana’'s
economic development require research
designed to sustain economically viable
businesses by increasing production
efficiency through advances in nutrition,
genetic improvement, water management
and water use, disease control and
prevention, production management,
post-harvest product quality and devel-
opment of value-added products. With
the new millennium upon us, LSU
Agricultural Center scientists ook
forward to the challenge of developing
research, extension and education
programs designed to improve the
competitiveness and profitability of the
state’' s aquaculture producers while
providing comprehensive undergraduate
and graduate curriculato develop quality
aquaculture professionals. Further details
on the LSU Agricultural Center's
aquaculture research and educational
programs can be viewed at our website:
http://ww.agctr.Isu.edu/wwwac/
research/aquaculture. B

Louisiana Agriculture, Fall 1999 5



Management of water quality and effluents
fromaquacultural systems

Profitable aquaculture depends ongoodwater quality.
Physiologically,aquaticanimals respond moreintenselytotheir
environmentthandoterrestrialanimals. The stress of poor
watercan lead todisease and poor nutrition and growth of
cultivatedaquaticanimals.

LSU Agricultural Centerscientists areaddressing several
issues related towater quality managementin crawfishand
channel catfishaquaculture. Atthe Rice Research Stationin
Crowley, scientists are studying the effects oflong-termexpo-
sure of low oxygen on growth and mortality of red swamp
crawfish. Atthe Aquaculture Research Stationin Baton Rouge,
managementofalgal populations forwaterqualityimprove-
mentand off-flavor controlin channel catfish ponds is being
investigatedinseveral projectswhichinclude polyculturewith
algal-feedingfishes, suchasthreadfinshadandtilapia; reducing
odorous populations ofblue-greenalgae byaddingsaltortrace
minerals;andassessmentofthe partitionedaquaculture system.

Inrecentyears,concerns aboutagriculture’s effectonthe
environment, particularly related to non-point sources of
pollutiononstreamand lakewater, have beenraised. The LSU
Agricultural Center hosted aworkshopinjJulyof 1999 on
“Agricultural Water Quality Issues forthe 21tCentury” to
review,discussandbeginstrategicplanningonissuesrelatedto
federally mandated requirements to protect the quality of
Louisiana’s surfacewaterresources. Thefederal Clean Water
Actof 1972 (formerly known as the Federal Water Pollution
Control Act)and subsequentamendments enactedinthe past
decaderequirethatthe nation’s streams, rivers and lakes be
sufficientlycleantobefishableand swimmable byatargetdate
neartheyear2010. Enforcement of the Clean Water Act is
giventotheindividual states bythe U.S.Environmental Protec-
tionAgency.

Effluents fromaquacultural operations arereleasedinto
streamsandprivers during heavyrainfall, when harvestingfish,
toaccommodate reproductive cycles ofthe cultured animal
(forexample, draining crawfish ponds tostimulate burrowing)
ortomaintainacceptablewaterqualityinthe culture system.
Manyofthe state’saquacultural producers, particularly craw-
fishfarmers, use streams andrivers as their principal water
source.

Inthe 1970s, moststates did littletoregulateaquacultural
effluentdischarge, mostlybecauseaquaculturewas considered
too smallanindustryto have asignificantimpact on the
environment. Butgrowthinthe nation’saquacultureindustry,
coupledwith provisions ofthefederal Clean Water Action Plan
of 1998 and legal actionagainstthe EPA bynon-governmental
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organizations, necessitates thatBestManagementPractices
(BMPs)foragriculturalcommaodities, includingaquaculture, be
developedandimplemented. Failuretoaddress these needs
couldconstrainfuturegrowthanddevelopmentofLouisiana’s
aquacultureindustry.

In Aprilof 1999, athree-yearregional projecton“Manage-
mentof Aquacultural Effuents from Ponds’was funded by the
Southern Regional Aquaculture Center (SRAC). This study
follows athree-year projectcompletedin 1994, alsofunded by
SRAC, inwhich 16 scientists representing 10 universities,
including the LSU Ag Center, cooperated to characterize
effluentsfromcommercialaquaculture operationsintheSouth,
includingcommercial crawfishfarmsinLouisiana.

The presentstudy, whichincludes participation ofaquac-
ultural scientists from seven universities andone stateagency,
will provide more detailed dataoneffluentqualityand quantity
from majoraquaculturalindustries in the South, including
catfish, crawfish, baitfish, hybrid striped bass and marine
shrimp.Emphasis will be placed on determining theamountof
suspendedsolidsandphosphorusdischargedduringintentional
(forexample, drainingatharvest)and non-intentional (storage
overflowduring rainfall) effluentreleases and theirimpacton
receivingwaters.Basedonexistinginformation, supplemented
bythe projectfindings,acomprehensive setof general BMPs
thatcan beimplementedtoreduce theenvironmental effects
of pondaquaculturewillbe developed.Supplemental BMPs for
various pond cultured species inthe southern regionwill be
formulated, too. As in the previous study, LSU Ag Center
scientistswill have responsibilityforcrawfishaquaculture.

Fromdatageneratedtodate, thebestapproachtomanag-
ing effluents fromaquacultureis (1) toreduce theamountof
waste produced in the pond by using high quality feed and
efficientfeeding practices and (2) todecrease the volume of
waterdischarged byminimizingwaterexchange, reusingwater
forseveral productioncycles and maintainingenoughstorage
volumein ponds to prevent rainfall overflow.

Louisianaaquaculture producers canbeassuredthatAg
Centerscientists will continue research and extension pro-
gramstodevelop practical, cost-effective solutions tomanage-
ment of pond effluents to complywith federal and state
regulatoryrequirements, protecttheenvironmentandsustain
profitability.l

Robert P.Romaire, Resident Director and Professor, Aquaculture
Research Station, LSUAgricultural Center, BatonRouge, La.



PERSPECTIVE

Agquaculture Development:
Potential for Growth
in the New Millennium

/41uaculture is evolving world-
wide because of a shortfall of fishery
products from oceans and inland
waters. After World War |1, it appeared
that the world' s fisheries resources were
virtually unlimited. World landings
during 1948 to 1952 averaged 21.9
million metric tons per year and rose
steadily until 1968, when increases
continued but at a slower rate. By the
early 1990s, global fisheries harvest
plateaued near 100 million metric tons.
Today, much of the catch has shifted
from valuable species, such as flounder,
haddock, Atlantic cod and swordfish, to
much less desirable species, such as
spiny dogfish, skate and shark. About
30 percent of the world’ s fisheries
harvest is reduced to fish meal and oil.
One might think the vast oceans would
be our salvation with respect to food
problems, but 90 percent of our oceans
are biological deserts.

Although the fishery harvest from
the world’ s oceans has stagnated, world
population growth and per capita
consumption are dynamic. About 90
million people are added to the world's
population each year. By 2025, the
population is forecast to reach 8.5
billion. World per capita consumption
of seafood is 28.6 pounds per year.
With no change in per capita con-
sumption, the world’s population will
need more than 55 million metric
tons per year of seafood by 2025. The
wild fisheries may be able to produce
a bit more with better management,
but the bulk will have to come from
aguaculture.

Aquaculture dates to about 2000
B.C. in Chinawhen carp were raised
along with the manufacture of silk. The
silkworm pupae and feces were used to
feed fish. For centuries, aquaculture
provided food mostly at a subsistence
level. After World War 11, some
developing nations concentrated on
farming staple aquatic species for
animal protein and profit. Various carp
and tilapia species were farmed.

JamesW. AvaultJr.

JamesAvault, professoremeritus, isthe ‘father ofaquaculture researchatthe LSUAg

PhotobyJohnWozniak

Center.Hewashiredin 1966 todeveloparesearchprogram.

In the 1980s, many nations, both
developed and developing, began
shifting attention to aguatic species of
high value, such as marine shrimp and
salmon. Devel oped nations, such asthe
United States, Japan and those in
western Europe, saw demand for high-
value species escalate. Developing
nations saw the possibility of foreign
exchange with affluent countries.

Records on world aguaculture
production appeared around 1966 at
which time the Food and Agricultural
Organization (FAO) of the United
Nations estimated production at 1.1
million metric tons, or about 3 percent
of the world fishery production. Over
the years aguaculture production has
grown nearly 8 percent annually. By
1995, the FAO estimated world
aquaculture production (excluding
cultivated seaweeds) near 28 million
metric tons, nearly 20 percent of the
world fishery production, with a
wholesale value of $42.3 hillion. The
FAO estimates, based on demographic
population growth alone and no

increase in per capita consumption, that
global aguaculture will supply 35
percent to 40 percent of world seafood
supply by 2010 and 50 percent to 60
percent by 2025.

Importsto the United States have
reached record levels of nearly $8
billion. The United Statesisalso a
major aguaculture producer. Channel
catfish dominates production. In 1998,
560 million pounds were produced with
avalue of about $415 million. The four
major catfish-producing states are
Mississippi, Arkansas, Alabama and
Louisiana.

Other important species cultivated
in this country include rainbow trout
(57 million pounds); crawfish (40
million to 50 million pounds); tilapia
(18 million pounds); salmon (33 million
pounds); marine shrimp (6 million
pounds); mollusks, primarily oysters

James W. Avault Jr., Professor Emeritus,
Aquaculture Research Station, LSU Agricul-
tural Center, Baton Rouge, La.
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(24 million pounds); and amyriad of
other species, such as hybrid striped
bass, bait fishes and ornamental fishes.

Fastestgrowing segmentin

agriculture

According to the U.S. Department
of Agriculture, aquacultureisthe fastest
growing segment of the nation’s agricul-
ture, increasing at an annual rate of
about 8 percent per year. Tilapia
production alone has increased 300
percent in the past five years. Moreover,
tilapia consumption in the United States
increased 26 percent from 1996 to 1997.

The LSU Agricultural Center began
exploring the niche of aquaculture
around 1965. Scientistsinitiated a
research program through the Louisiana
Agricultural Experiment Station (LAES).
Meanwhile, the graduate program in the
School of Forestry, Wildlife and Fisher-
ies began adding agquaculture courses,
and shortly thereafter the Louisiana
Cooperative Extension Service (LCES)
added awildlife and fisheries specialist
and an aquaculture program. At thistime
token acreage was in crawfish produc-
tion, and catfish farming was generating
considerable interest. Early research by
the LAES focused on the basics of
farming crawfish and catfish. For years
the crawfish industry was based on hit or
miss with the wild crop from the
Atchafalaya River Basin. Significant
crawfish crops were produced three out
of five years. Some years there was a
bumper crop; some years virtually
nothing. Through research, the LAES
researchers devel oped methods for
predictable farm-raised crops. With this
came the establishment of markets other
than the traditional family weekend
crawfish boil. Eventually, overseas
markets were established.

World Aquaculture Production

Over the years, the LSU Agricul-
tural Center, responding to the needs of
the nascent industry, developed a
cultivated forage crop food-delivery
system to feed crawfish. Withriceasa
forage instead of formulated feeds, the
cost of farming crawfish went down and
profits up. Networking with LCES
personnel and crawfish farmers, LAES
scientists devel oped methods of double-
cropping rice and crawfish, developed
manufactured baits that evolved into a
multimillion dollar industry, established
guidelines for managing water quality,
designed new traps and trapping pro-
grams for harvesting, and in general
responded to the needs of crawfish
farmers.

Early catfishindustry

The early catfish farming industry
was viewed by the LSU Agricultural
Center in the same manner. For example,
anumber of farmers hit brackish water
when drilling water wells. LAES
personnel working with scientists at the
L ouisiana Department of Wildlife and
Fisheries' Rockefeller Wildlife Refuge
learned that catfish not only tolerate
dlightly brackish water, they thrivein it.
Catfish, the studies showed, could be
grown in waters up to 8 parts per
thousand salinity. Moreover, these
catfish never had off-flavor or brown-
blood disease caused by nitrite toxicity.
Further research showed that a dreaded
disease called white spot disease or “Ich”
was controlled when fingerlings were
held in salinity for aweek. With continu-
ous aeration and high feeding rates, more
than 6 tons of catfish were produced per
acre each season.

No other state has the potential for
aquaculture as does Louisiana. It has al

the essential prerequisites: (1) people
with a heritage in fisheries, (2) along
growing season, (3) an established
aquaculture industry well integrated into
traditional agriculture, (4) abundant land
well suited for aquaculture, (5) an
abundance of both surface water and
ground water, (6) LSU Agricultural
Center personnel with expertisein
aquaculture research and technol ogy
transfer and (7) people with a reputation
for good cooking and a fondness for
quality seafood.

In 1986, the LSU Agricultural
Center undertook atwo-year, statewide
investigation of the potential for aquac-
ulturein Louisiana. The study included
an evaluation of soils and topography,
climate, water resources, seafood
processing capabilities, transportation
systems and, in general, the infrastruc-
ture required to develop an aquaculture
industry. Superimposed on these
findings was the suitability of each
parish for the culture of nine aguatic
species, including catfish and crawfish.
The report concluded that the potential
for aquaculture development existsin
every parish. More than 21 million acres,
75 percent of theland areain Louisiana,
issufficiently level and has sufficient
water-retaining ability to allow leveed
pond construction. Adequate supplies of
ground water and surface water are
available in most areas. Louisiana has
potential to become the seafood market
of the nation. Through the combined
efforts of LSU Agricultural Center
research and extension programs, and
governmental leadership, the citizens of
L ouisiana may reap the monetary and
employment benefits of an expanded
aquaculture industry. B

U.S. Aquaculture Production (All Species)
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Thel SUAgricultural Center’saquaticanimalnutritionprogramconducts researchonthedevelopmentandimprovementoffeedsfor
aquaticanimals of commercialimportanceinLouisiana. Theseincludechannelcatfish, hybridstripedbassandtilapia. RobertC.Reighisin
chargeofthisareaofresearch.
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Rduces Catﬂsh Production Costs
and Improves Pond Environment

-Ee art of feeding fish is thousands
of years old, but the science of fish
nutrition began only about 50 years ago.
Fish nutritionists, like their counterparts
in the animal and poultry sciences, seek
to determine the dietary requirements of
fishes and other aquatic animals cultured
for human use and to develop quality
feeds for the numerous species produced
under highly controlled conditions.

The LSU Agricultura Center’s
aquatic animal nutrition program
conducts research on the devel opment
and improvement of feeds for aquatic
animals of commercia importancein

Louisiana. These include channel catfish,

hybrid striped bass and tilapia.

In catfish farming, feed cost
typically constitutes half the cost of
production. With such high feed expen-
ditures, even asmall reduction in feed
price can provide substantial savings.

Proteinreduction

One way to reduce the cost of fish
feed isto reduce its protein content,

Robert C.Reigh

which is often the most expensive part.
Fish feeds tend to contain relatively high
levels of protein (usually 25 percent to
45 percent of diet weight) because the
species produced in most commercial
facilities grow well on such diets. But
research with a number of fish species
has shown that dietary protein levels can
be reduced in properly balanced diets
without negative effects on growth or
body composition. The magnitude of the
protein reduction depends on the dietary
requirements of the species and the
nutritional balance (energy and amino
acid composition) of the diet.

Channel catfish are omnivorousin
their natural food habits and will accept
awide variety of ingredientsin formu-
lated diets. This makes feeding catfish
less expensive than feeding carnivorous
species. Catfish producers can substitute
lower cost plant products, such as
soybean meal and cottonseed meal, for
the higher cost animal protein supple-
ments, such as fishmeal and meat and
bone meal, which typically congtitute a

large portion of the diet of cultured
carnivorous fishes. Because catfish can
use relatively high levels of dietary
carbohydrate, which is often poorly
digested by many other fishes, large
guantities of inexpensive, starchy grains,
such as corn and wheat middlings, can
be incorporated in catfish diets to reduce
cost.

Plantvs.animaldiets

Recent research with catfish has
demonstrated that balanced, all-plant
protein diets can produce weight gains
equal to those obtained with high-animal
protein (8 percent fishmeal) diets, which
were the industry standard just afew
years ago. In athree-year study at the
LSU Agricultural Center’'s Aquaculture
Research Station, yields of pond-raised

Robert C. Reigh, Professor, Aquaculture
Research Station, LSU Agricultural Center,
Baton Rouge, La.
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catfish fed an all-plant protein diet
(3,257 pounds per acre per year) did not
differ significantly from yields obtained
with a diet containing animal protein
(3,103 pounds per acre per year). In
addition to lowering feed cost, the all-
plant protein diet provided an added
benefit of reducing the fat content of
harvested fish.

Other studies at the station are
investigating the optimum amino acid
balance for channel catfish diets.
Proteins, which are constructed of chains
of amino acids, differ in their nutritional
value for fish based on the types and
quantities of amino acids they contain.
Proteins from ingredients of animal
origin, like fishmeal, tend to be better
amino acid sources for fish than proteins
of plant origin, which are often deficient
in one or more essential amino acids.
Nonetheless, deficienciesin single
ingredients can be overcome by combin-
ing ingredients to satisfy dietary amino
acid requirements. This approach has
been taken in athree-year production
study to determine the effect of reduced
levels of certain dietary non-essential
amino acids on catfish growth. Results
of the study, initsthird and final year,
are not yet available, but weight gains of
fish fed the experimental dietsin anine-

month laboratory growth tria (Figure 1)
indicate that protein levels below 29
percent do not reduce catfish growth if
dietary amino acid composition is
balanced properly.

Digestibility affects

environment

Digestibility of fish feeds has
become an environmental issue. Nutri-
ents in uneaten and undigested feed act
to fertilize ponds and can stimulate algal
blooms and other negative environmen-
tal effectsif concentrations are suffi-
ciently high.

Phosphorus is usually the most
limiting nutrient for aquatic plant
growth. It isrelatively abundant in fish
feeds, and much of it ispresent in a
chemical form (phytic acid) that cannot
be digested by fish or other simple-
stomached animals. Phosphorus that
passes through the fish' s digestive
systemis eventually released into the
pond water by decomposition, where it
stimulates the growth of algae and other
vegetation.

The most effective way to limit
over-fertilization of ponds and the
management problems that excessive
nutrient loads cause is to reduce the

Figure 1.Body weights of channel catfish fed diets containing different

levels of protein and dispensable amino acids (DAA). The control diet was
atypical catfish formulation. The balanced DAA (29 percent protein) diet

had similaramino acid composition to catfishtissue. The reduced DAA
(27 percentand 25 percent protein) diets had amino acid concentrations
of 10 percentand 20 percent, respectively,below that of the balanced
DAAdiet.Fish were held from September to Junein tanks that received
flow-through,ambient temperature water froma pond.
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guantity of nutrients entering the system.
A project under way at the Aquaculture
Research Station is evaluating the
feasibility of adding phytase enzyme to
catfish diets to release the bound
phosphorus in phytic acid so it can be
absorbed in the digestive process.
Resultsto date indicate that a concentra-
tion of 500 units of phytase per kilogram
of diet significantly increases uptake of
dietary phosphorus by channel catfish
fed an all-plant diet, thereby decreasing
the quantity of phosphorus entering the
pond environment and reducing the need
for dietary phosphorus supplements.

Reducing particlesize

Digestive efficiency also is affected
by the size of particles passing through
the digestive tract. Asfood particles
move through the gut, enzymes break
down proteins, fats and carbohydrates
exposed on their surfaces. Because small
particles have a greater surface-to-
volume ratio than large particles,
digestion efficiency should be greater for
agiven weight of small particles than for
an equal weight of large particles. Work
in progress at the research station
involves quantifying the effect of feed-
ingredient particle size on digestibility of
protein, energy and dry matter (total
organic and inorganic matter) in channel
catfish diets. The goal isto quantify
changes in digestibility across the range
of particle sizes to determine the point at
which further reduction in particle size
no longer improves digestibility.
Application of the results of thisresearch
could help to produce diets that are used
more efficiently and that provide better
conversion of feed to weight gain.

Good pond environment

A good pond environment is
essential for fast-growing, healthy fish.
At high stocking densities (up to 10,000
fish per acre) and heavy feeding rates
(up to 120 pounds of feed per acre per
day), maintaining good water quality can
become a management challenge. Use of
diets with reduced protein content,
improved amino acid profiles, greater
organic matter digestibility and increased
phosphorus availability will result in less
metabolic waste, organic matter and
phosphorus entering catfish ponds,
which in turn will decrease oxygen
demand from decomposition processes
and reduce problematic algal blooms.
Thus, improved diets offer both eco-
nomic and environmental benefitsto
catfish producers. &
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improved Control

of Channel Catfish Spawning

TerrenceR.Tiersch

Ib_r more than seven decades, catfish  spawning last only a month or two,
farmers have relied on the warming of typically May and June in southern
spring to trigger spawning in channel Louisiana, making thisabusy time. The
catfish. The necessary water tempera- farm-raised catfish industry has adapted
tures (75 degrees F to 85 degrees F) for to this through specialization. Rather

Anotherimportantcomponentforgeneticimprovement,alreadyavailable forapplication, is
spermcryopreservation.In 1991, whileatthe U.S. Departmentof Agriculture, TerrenceR.
Tierschproducedtheworld'sfirstchannelcatfishfromthawedsperm, andthe Aquaculture
ResearchStationhas developedcryopreservationproceduresfor spermofmorethan 30
speciesoffishandshellfishsincethen. The stationalsowasffirstinthe successful production
ofaculturedaquaticfoodspecies(oysters)fromfrozenlarvae.

than spawn their own fish, most farmers
purchase stocking fish, called finger-
lings, from suppliers.

Researchers at the LSU Agricultural
Center’ s Aquaculture Research Station
have been working for the past three
yearsto lengthen and control the catfish
spawning season. Thiswork, supported
in part by the L ouisiana Catfish Promo-
tion and Research Board, involves
adding warm water to small ponds (0.1-
acre) that contain broodstock channel
catfish. By raising the pond temperature,
researchers have been able to spawn
catfish as early as March, doubling the
length of the spawning season. Maintain-
ing ponds within the proper temperature
zone can avoid temporary shutdowns of
spawning caused by cold snaps. Warm-
ing small broodstock ponds early in the
spring would produce fry, the newly
hatched catfish, that could be raised in
the warm ponds to yield large fingerlings
early in the season. The increased
production of fry and fingerlings could
prevent the shortages that have ham-
pered the stocking of catfish in the past.

Another benefit of controlling the
spawning season is disease prevention.
Before catfish reach about 3 inchesin
length, they are susceptible to diseases
including enteric septicemia, a bacterial
disease that can destroy stocks of
fingerlings. Because this disease
proliferates at temperatures above 85
degrees F, it could be controlled by
maintaining temperatures in the fry and
fingerling ponds (used after the
broodstock are removed) at about 80
degreesF.

Artificial spawning

Spawning procedures have re-
mained essentially unchanged since the
1920s. Containers are placed into ponds
for the catfish to enter and spawn,
simulating the natural situation in which
channel catfish would spawn in hollow
logs or holes in riverbanks. Farmers
collect the egg masses from the cans and
bring them into the hatchery for fry

Terrence R. Tiersch, Professor, Aquaculture
Research Station, LSU Agricultural Center,
Baton Rouge, La.
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Improve research

production. This procedure, although
effective for producing large numbers of
fish, greatly hampers genetic improve-
ment because it allows only minimal
opportunity for selective breeding.
Researchers at the Aquaculture
Research Station have improved
methods to spawn catfish artificially in
the laboratory. At present this technique
islimited to use as aresearch tool
because of cost, complexity and depend-
ability. But the technique has potential to
move the catfish industry into the era of
genetic improvement. Artificial spawn-
ing involves large-scale collection of
unfertilized eggs from females to allow
controlled fertilization with sperm from
specific (superior) males. Fingerling
producers could specializein this
technology, which is used for most other
farmed fishes, and produce a higher
quality fish for saleto farmers. The extra
expense would be offset by the superior
performance of the improved stocks.

Developing hybrids

Another advantage of artificial
spawning is the ability to develop
hybrids. Consider, for instance, the
hybrid produced by crossing the female
channel catfish with the male blue
catfish. This hybrid is considered
superior to both parental speciesin
disease resistance, tolerance to low
oxygen and uniformity of meat yield.
Thisvaluable hybrid is not readily
available to producers, however, because
the two species do not naturally inter-
breed. Artificial spawning could produce
hybrid fingerlings for the Louisiana
catfish industry. The availability of
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genetically superior catfish would make
L ouisiana catfish producers more
competitive with the larger operations of
other states. Raising such fingerlingsin
heated ponds would round out this
picture with alarger, superior fish
available for stocking.

Freezing sperm

Another important component for
genetic improvement, already available
for application, is sperm cryopre-
servation. In 1991, the author produced
the world' sfirst channel catfish from
thawed sperm. Since then, the Aquacul-
ture Research Station has devel oped
cryopreservation procedures for sperm
of more than 30 species of fish and
shellfish. The station also wasfirst in the
successful production of a cultured
aquatic food species (oysters) from
frozen larvae.

Cryopreservation offers many
benefits for the catfish industry. Frozen
sperm can ensure that particular traits
can be reliably produced over extended
periods. Sperm from valuable males
could be used for years, even long after
their death, and could be used to fertilize
eggs from many different femalesin a
given year. Thiswould provide the
groundwork for selective breeding
programs. Storage of frozen spermis
considerably cheaper and, in many ways,
safer than maintaining broodstock in
ponds, which is expensive and takes up
space that could be used for production.
Maintaining alarge number of different
strains of broodstock is prohibitively
costly, even to large-scale fingerling
producers.

In addition, there are many ways to
lose valuable catfish broodstock. Some
sources of |oss can be quite rapid, such
as disease outbreaks or low oxygen
levels, but broodstock loss can be
gradual, too. The insidious loss of
genetic integrity by inbreeding or
outbreeding depression, for example, can
result in poor growth or reproduction.

Clearly, broodstock maintenance
can pose significant problems, yet
successful genetic improvement of
catfish will require the availability of
numerous different genetic stocks.
Similar problems have been addressed in
other agricultural industries such as beef,
poultry and pork by freezing sperm. This
technology offers obvious advantagesin
the preservation of desirable genes, in
selective breeding, cross-breeding and
hybridization, and in standardization of
broodstock quality, although it remains
unavailable without the use of artificial
spawning.

More control

Temperature control of pondsisan
important component in an overall
program to make artificial spawning and
genetic improvement available to the
Louisiana catfish industry. Our research
offersaglimpse into the future in which
catfish farming is more controlled by the
farmer and more like the predictable
production systems already in placein
crop and livestock agriculture.

The future needs of the channel
catfish industry in the coming century
areimpossible to forecast. The future
could bring problems quite different
from those of today. New diseases,
changes in production systems or
different market structures could require
specific characteristics of catfish not
valued at present. Storage of sperm from
numerous stocks could ensure a reservoir
of genetic material available for specific
genetic improvement. By developing
reliable, simple and inexpensive methods
for artificial spawning, the Louisiana
catfish industry can assume aleading
role in genetic improvement and
hybridization of catfish and movein step
with the beef, pork and poultry industries
in protecting, developing and distribut-
ing genetic improvements. B
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Adultoystersaregoodcandidates fortransgenicresearchbecausetheydonotmoveandthus
areeasilymonitored. Researchongenetransferinoystersispartofacomprehensiveprogram

focusingonproblemsfacingtheoysterindustry.

One problemfacingLouisiana’s oysterindustryis disease.
Themajorculpritsarethe protozoans Perkinsus marinus(Dermo)
and Haplosporidium nelsoni(MSX). Inthe Gulf of Mexico, itis
estimated that Dermoinfection kills more than halfthe adult
oysterpopulation. Dermoand MSX have both beensignificant
factorsintherecentcollapse of the oysterfisheryin Chesa-
peake Bay. The transferof human pathogens, suchas Vibrio
vulnificusand V. cholera,fromoysters tohumans has becomea
serious concernaswell.

Transgenictechnology mayoffersolutions tothese prob-
lems.Onefocus oftransgenicresearchatthe LSUAgricultural
Centeris use of reportergenes. These genes produce easily
recognizablechanges uponsuccessfultransferandsubsequent
expression. We used agene known as green fluorescent
protein, isolatedfromajellyfish,as areporter. Oysters success-
fullyexpressing this gene produce a protein thatwillemita
brightgreenwhen exposed tofluorescent light. We have
developedtechniquesforgenetransferinoystergametesand
embryos and have observed expressionofgreenfluorescent
proteininoysterlarvae. We alsohave delivered this geneand
observedexpressionofgreenfluorescenceinthe bloodcells
ofadultoysters. Positive results forgene transferwith this
reportergeneindicate thatourtechniques are effectiveand
allowforimprovementofgenetransferefficiency. Othergenes
ofinterestcan betransferredwith these techniques toimprove
diseaseresistanceinoysters.

Researchatthe LSUAg Center, conductedwith support
fromthe LouisianaSeaGrantProgram, has identified proteins,
known as lytic peptides, thatare toxic to Dermoand Vibrio
vulnifcus.Inour laboratory, we have cloned genes for the lytic

peptide cecropin Baswellas the syntheticlytic peptide phor
21.Thesegenesare usedalsointransgenic modification of
channelcatfishforincreaseddiseaseresistance (see page 14).
Deliveryofgenes suchas these maylead tothe production of
anoystercapableofeliminating pathogens.

Topreventtheaccidental release of geneticallymodified
organisms, we have developed techniques forworking with
oystersinacompletelycontrolledenvironmentusingartificial
seawateratsomedistancefromthecoast. Adultoysters are
good candidates fortransgenicresearch becausetheydonot
moveandthus are easily monitored. This researchis partofa
comprehensive programfocusing on problemsfacingtheoys-
terindustry.

Otherresearchincludes oysterchromosomes and physi-
calgenome mapping, sterilization and ploidy manipulation,
hatcherytechnology, cryopreservation, artificial spawning, re-
circulatingsystemtechniques, cell culture, cryopreservation of
gametes and larvae, pathogen biology,and oysterimmune
systemfunctionand defense mechanisms. Throughourre-
search, the potential exists for commercial production of
sterile, geneticallymodified oysters forimproved culture.l
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Enhancing Disease Resistance
in Channel Catfish

Richard K.Cooperand Terrence R. Tiersch

Aout 10-percent of the annual
channel catfish crop islosttoinfectious
diseases. The most important of these
diseases are Edwardsiellaictaluri,
Flavobacterium columnare and channel
catfish virus. Only the antibiotics Romet
and oxytetracycline, which can be
incorporated into feed, are approved by
the Food and Drug Administration
(FDA) totreat E. ictaluri and F.
columnare, and there is no treatment for
channel catfish virus. The farmer hasto
rely on good management to prevent
outbreaks of disease. Even the most
carefully managed pond can experience
disease problems, however.

With treatment options limited,
much emphasisin the past several years
has been placed on vaccine devel op-
ment, with the most progress to date
being made on E. ictaluri and channel
catfish virus. Although vaccines hold
promise, the drawback is that a vaccine
has to be made for each disease-causing
organism, and each has to be approved
by the USDA. The entire process takes
severa years.

Several years ago, we began to
investigate other waysto protect catfish
against these diseases. Our goal isto
produce afish that a one can withstand
infection or have itsimmune system
further strengthened with vaccines to
specific pathogens as the vaccines
become available.

To accomplish the goal of enhanc-
ing the catfish immune system, we chose
agenefor alytic peptide that is con-
trolled by an acute phase promoter,
which can be compared to an on/off
switch. Lytic peptides are small peptide
molecules produced by awide array of
animals from invertebrates to mammals,
including humans. There are many
classes of lytic peptides based on their
structure, but most share a common
component. They are part of the first line
of defense for an organism, and they kill
pathogens by destroying the cell mem-

RichardK. Cooper, Associate Professor,
Department of Veterinary Science, and
TerrenceR. Tiersch, Professor, Aquaculture
Research Station, LSUAgricultural Center,
BatonRouge, La.
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brane and releasing cellular components.
Lytic peptides range from moderately
Iytic, inwhich they kill only specific
types of bacteria and infected célls, to
the very lytic. Mdlittin, for example, is
the major component of honeybee
venom. We chose the lytic peptide
cecropin B from the giant silk moth,
Hyal ophora cecropia, becauseit killsa
wide range of Gram negative and Gram
positive bacteria without damaging host
cells. Previous work had shown cecropin
B to be very effectivein killing E.
ictaluri, one of the primary pathogens
against which we wanted to protect
channel catfish.

Another key component of the
cecropin B gene is the acute phase
promoter (APR) that controls expression
of the peptide. A promoter controls when
agenewill be“turned on.” There are
basically two types of promoters: those
that are expressed, or on, at some level
all thetime, and those that are turned on
only when needed. The APR promoter is
“off” when it is not needed (when no
pathogen is present), but it can be turned
on quickly by moleculesin the immune
system that are responding to an invasion
by a pathogen. This system allows the
catfish to express the cecropin B peptide
when a pathogen is encountered and not
expend unneeded energy when thereis
no pathogen.

To deliver the cecropin B geneto
the catfish genome, we developed a
system to optimize DNA incorporation
(see page 25). Using atechnique called
electroporation, in which a small
electrical chargeis applied to the cells
that momentarily creates poresin the cell
membrane to allow the DNA to enter the
cell, we transferred the plasmid vector
containing the cecropin B gene to
unfertilized channel catfish eggs. The
eggs were fertilized using artificial
spawning techniques developed in our
laboratory, hatched and allowed to grow
in arecirculating tank system housed in
alaboratory approved for transgenic
research.

When the fish resulting from the
experiment were large enough to handle,
asmall sample of blood was taken from
each fish and analyzed for the presence
of the cecropin B gene using a technique

called the polymerase chain reaction.
More than half of the fingerlingswere
positive for the cecropin gene.

We have demonstrated, too, that the
APR promoter functions in the manner
intended. None of the cecropin B
product is detectable in healthy,
transgenic fish, but it is detectable 12
hours after the fish has been exposed to
E. ictaluri.

To demonstrate whether or not
cecropin B could protect transgenic
catfish against E. ictaluri, we exposed an
equal number of transgenic and non-
transgenic fish with avirulent strain of
the bacterium. Three days after infection,
the fish were cultured for E. ictaluri. The
non-transgenic, or control fish, had very
high levels of bacteriain the hind
kidney; in the transgenic fish, 50 percent
of the fish had no detectable levels of
bacteria, 34 percent had greatly reduced
levels and the remaining 14 percent were
no different from the non-transgenic
fish. The differences in protection
against E. ictaluri may be caused by the
number of copies of the cecropin gene
that inserted into the catfish chromo-
some. More copies could mean higher
levels of lytic peptide resulting in more
rapid clearance of the bacterium. We
have shown that the use of gene transfer
in channel catfish isfeasible and that
protection against E. ictaluri is possible.

Our long-term goal isto provide the
catfish industry of Louisianawith a
superior strain of channel catfish that has
the ability to fight infection against the
common diseases now plaguing the
industry. This can be accomplished with
an animal carrying a gene such as
cecropin B and live attenuated vaccines
as they become available. One key
feature of having these animals avail-
able, however, isto produce afish that is
sterile. Recently, we have begun to
pursue avenues to induce sterility (see
page 16). B
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Development of avaccine
against Flavobacterium columnare

Thetwoleadingdiseasesaffectingthecatfishindustryarethe
bacterialpathogens Edwardsiellaictaluriand Flavobacteriumcolumnare
(formerly Flexibacter columnaris). Treatmentofthese two patho-
gens has beendifficult because onlytwoantibiotics, Rometand
oxytetracycline, have been approved by the Food and Drug
Administration (FDA),and onlyone, Romet, can be effectively
incorporatedintofeed. Thereis novaccine commerciallyavail-
ableforeitherbacterium,thoughatleastoneis undergoingtests
for E. ictaluri(see page 17). Toourknowledge, there has beenno
successfulvaccination protectionagainst F. columnare.

Traditional vaccines for livestock have consisted of akilled
organism,orcomponentofanorganism,suspendedinanadjuvant
(asubstancetostimulatetheimmune system),whichisinjected
intoan animal. Depending on the vaccine,abooster may be
required later. Thisapproach has beensuccessfulindomesticated
livestock andin Atlanticsalmon,wherethe costofanindividual
animalis large enoughtojustify the expense of handlingand
injectingeachanimal.

Unfortunately, injectable vaccines are notan option for
channelcatfish becauseofthelowcostofanindividualanimal. The
onlyeconomicallyfeasiblevaccines for
channelcatfishareimmersionandoral
vaccines.Animmersionvaccineisone
inwhichthefishis completelyim-
mersedinahigh concentrationofthe
vaccineforashorttime, usually 30
secondsto2 minutes. Thefishisvac-
cinatedwhenthevaccineisingested
orcrossesthegills.Oral vaccines are
added to feed. Both methods de-
pendonlarge amounts of vaccine
beingingestedand crossingthegut
wallandentering the bloodstream,
orentering the bloodstreamdirectly
by crossing the gills. Previous at-
temptsinvaccinatingchannel catfish
usingkilled E. ictalurihaveresultedin
low levels of protection.

Anotherapproachistousealive-
attenuatedvaccine,whichisalivecul-
ture of abacterium that has been
altered bydisruptingagenesothatit
does notlivelongenoughtorepro-
duceinthe hostanimal. Becauseitis
live, the bacteriumis able toenterthe hostonits own, but, being
attenuated, itis nolongerabletocausediseaseinthe host. This
approachallows sufficientnumbers ofthe organismtoenterthe
animaland beseenbytheimmunesystem.

Ourgoalistodevelopalive-attenuatedvaccineof F. columnare
bygeneticallyaltering the chromosome (DNA) of the bacterium.
Despite the economicimpact of this organismin the catfish
industry, surprisinglylittleis knownabout F. columnare. Though
stillinthe early stages of the project, we are making significant
progressinworkingwiththe bacterium. Byidentifying segments

N,

of DNA(genes)responsible forhowthe bacteriumcansurvive
andcausediseaseinthehost,wecangainabetterunderstanding
ofthedisease process.Genes required forthe disease process
canbeinterrupted (theirfunctiondisrupted, possiblyresultingin
attenuation) using techniques developedforotherbacteria. By
placing F. columnarecontaininganinterruptedgenebackintothe
catfish, we can determinewhetherornotaparticulargeneis
involvedinthedisease processandifthe bacteriumisattenuated.
Anattenuatedbacteriumisagoodcandidatefordevelopmentas
avaccine.

Thegoalis tohavethe bacteriuminvadethefishand survive
several days without causing disease orharmtothefish. The
longertheattenuated bacteriumsurvives, thelongertheimmune
systemhastoestablish protectivemechanismsagainstthe bacte-
rium. The end goalis to have the fish developalonglasting
immunityagainstpathogenic(diseasecausing) F. columnare.

Developmentofavaccineto F. columnarewill provide fish
farmersinLouisianawithanothermanagementtoolthat, ifused
correctly,willhelplowerthe costassociated with producingfish.
Withthedifficultyand expenseinobtaining FDAapprovalon new

Indoingresearchonfishdiseases, theresearchersmustscreenthebloodforantibodies. Two
leadingdiseases dffectingthecatfishindustry arethe bacterial pathogensEdwardsiellaictaluri
andFlavobacteriumcolumnare.

antibiotics forfoodfish, the use oflive-attenuatedvaccinesisan
attractive alternative toincreasing production and lowering
productioncosts.l
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Althoughmuchgeneticresearchinvolves developingways
toimprove reproduction, itis justas importanttodevelop
methods topreventreproduction. Onereasonis the potential
forenhancedgrowth. Animals suchasfishesinvestsubstantial
energyintoreproductionthatcould bediverted toenhanced
meatyield iftheywere reproductivelysterile.

Sterilitycanbeinduced severalways, but most have not
received muchstudyinfishandshellfish.One methodinvolves
gammaradiation,atechniqueweareevaluatingintheMalaysian
prawn. Thegoalistousesterilitytoimproveyields andreduce
sizevariation of cultured prawns.

Culture offreshwater prawns as asupplemental cropis
rapidlygaininginterestinthecatfish-growingareas oftheSouth.
Barriers to profitable prawn cultureinclude growth suppres-
sionandvariation caused by social pecking orders. These
peckingorders are basedlargelyonsex,withafewlargemales
dominating mostofthe population.

Studiesin 1997 and 1998 indicated thatitis possible to
producesterile males bygammairradiation of juvenile prawns.
Malesirradiated atlowdoses had significantlylowernumbers
of spermthandid non-irradiated males. Males exposed to
higherdosesdid nothave sperm presentinthetestesatall.In
females, thenumberofgravidand matedindividuals decreased
with higherdosages, and the number of virgin individuals
increasedwith higherdoses.

Moreresearchis neededtorefinevariables suchas dose

Benefits of induced sterility in prawn production

levels and exposure periods, butintheseinitial studies, it
appearedthatalthoughirradiationinterferedwith reproduc-
tion, itdid notreduce survival. Because of small samplesizes,
analysis of productiontraits such as weightand proportion of
tailmeatwas not possibleandis being pursued.

Unlike othertechniques usedto reduce obstacles to
growth, irradiation can bedoneeasilyand cheaply. Commer-
ciallyappropriate numbers of larvae could beirradiatedin
batches,addingasmallcosttoexisting hatcheries. Theselarvae
would representimproved seedstock thatcould be soldata
higher price. Their sterilitywould guarantee that producers
would returnto obtain newseedstock, thus protecting the
investment.

If sterility can beinduced reliably, another benefitwill be
toreduce concernabout prawn culturein states, suchas
Louisiana, that strictly controlintroduction of non-native
speciesandgeneticallymodifiedanimals. Irradiation of prawns
could serve as amodelforapplying reproductive sterilityin
otheraquaculture species suchasfishoroysters.
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Vectors fortransforming catfish

Whenagenefromonespecies of plantoranimalisinserted
intothegenomeofanotherspecies, theresulting plantoranimal
isthentransgenic. Methods fortransferringgenes haveonething
incommon: the plasmid vectors usedforgenedeliveryrelyon
randomintegration (insertion)ofthetransgeneintotherecipient
chromosome. Theresultis usuallyanintegration rateof 3 percent
to 10 percent. Withfish, itis usually 3 percentorless.

Aswe begantousetransgenictechniquestoinvestigatethe
possibilityofenhancingdisease resistanceinchannel catfish, it
became apparentthata better method for obtaining stable
integrationwas needed. Ourgoal has beentodevelopchannel
catfishresistanttodisease bydeliveringtothecatfishgenome,as
efficientlyas possible,ageneencodingalytic peptide. Tocircum-
venttheintegration problems with previous transgenes, we
designedaDNAVvector (plasmid) thatwould force the incorpo-
ration ofthe desired geneintothetargeted hostgenome.

Using a piece of mobile DNA called atransposon, we
engineered a plasmid containing the lytic peptide withina
transposon. Atransposon can be cutorremovedfromthevector
containingit(in this case a plasmid) by an enzyme called a
transposase. By controllingthetransposasewithapromoter(on/
offswitch), we canregulatewhenthetransposase removes the
transposonfromtheplasmidandinsertsitintoanothersegment
of DNA, thatis, acatfishchromosome.
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Oncethetransposon has been removed fromthe plasmid
andinsertedintothe chromosome, the remaining plasmid DNA
(containingthetransposasegene)is destroyed. Thisremovesthe
source ofthe transposase and eliminates the chance of the
transposon being mobile inthefuture. Theresultis an efficient
deliverysystemthat creates stable DNAinsertions with traits to
be passedtothe offspring. Work in ourlaboratory has resulted
inmore than than 50 percent transformation efficiencies in
channelcatfish,andthetransgene has beenstableinthesefishfor
morethanthreeyears.

Similarresults have been obtained in koicarp. Todemon-
stratetheabilityofthegenetobe passedfrom parenttooffspring,
weinjected male koicarpintheregionofthetestes. Twoweeks
afterinjection, spermwere harvested and usedtofertilizeeggs.
The offspring were assayed four times during ayear for the
presenceofthetransgene.Sixty-six percentoftheoffspringwere
positive afteroneyear,and spermfromthree of the five males
remained positive forthetransgeneafteroneyear.

Thisvectorisausefultoolfordeliveringadesiredgenetothe
genomeofawidearrayofanimalsand possiblyplants.Inadditionto
itsvaluein producingtransgenicfish, the vector has potential for
beingusedingenetherapyapplicationstogeneratelargenumbers
of cellswithatransgenestablyincorporatedintotheirgenome.l

RichardK. Cooper, Associate Professor, Department of Veterinary
Science, LSUAgricultural Center, BatonRouge, La.
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New Disease Problems Continue to Arise

in Aquaculture Industry

Ronald L. Thune and John P.Hawke

In much of aquaculture, animals are
in high density production systems. This
can result in stress from crowding and
sub-optimal water quality conditions and
provide for easy transmission of disease.

In response to anticipated disease
problems, the L ouisiana Aquatic Animal
Disease Diagnostic Laboratory
(LAADDL) was established in the LSU
School of Veterinary Medicine in 1982.
Initially, the laboratory assisted the few
catfish and bait-minnow producers.
However, as catfish farming expanded
and technologies developed for the
culture of additional species, the labora-
tory expanded its duties. Laboratory staff
work cooperatively with severa state
agencies involved in protecting our
aquatic resources. The LAADDL staff
work with the Louisiana Department of
Wildlife and Fisheriesto diagnose
disease problems in natural bodies of
water and in the state’ s fish hatchery
system. In addition, the lab helpsthe
department’ s enforcement division to
develop evidence to support the arrest
and conviction of individuas involved in
theillegal taking and selling of wild fish.
The staff is also a part of the LSU School
of Veterinary Medicine Fish Kill
Emergency Response Team, which helps
the Louisiana Department of Agriculture
and Forestry and the L ouisiana Depart-
ment of Environmental Quality investi-
gatefish kills.

Most case submissions to the
LAADDL, however, have been from
commercial aguaculture, involving
catfish, hybrid striped bass, soft-shell
crawfish and tilapia. Severa of the most
significant problems are highlighted
below.

Catfish

A primary problemin catfish
farming is abacterial disease specific for
channel catfish called enteric septicemia
of catfish, or ESC. Control involves
giving antibiotic treated feeds to the fish.
Only two antibiotics, Romet and
oxytetracycline, have been approved by
the Food and Drug Administration
(FDA). Limited treatment options led to
overuse of the individual antibiotics and
the development of ESC bacteria

resistant to one or both drugs. Alternate
treatment options developed, including
cessation of feeding in affected ponds to
prevent oral exposure of the fish to the
bacterium in the water. It was apparent,
however, that the preferred option was
prevention of disease by vaccination, so
we initiated research to develop an
effective vaccine. This proved more
difficult than anticipated, but has led to
the development of an effective product
that is being field tested (see page 19).

In the mid-1980s, aquatic diagnostic
labsin Arkansas and Mississippi
reported a new disease problem that
farmers called “Hamburger Gill Disease”
(HGD) because of the massive destruc-
tion that occurred in the gill filaments. In
April 1985, the first case in Louisiana
was diagnosed from a newly constructed
pond. More than 90 percent of newly
stocked 4-inch to 6-inch catfish died
within 48 hours to 72 hours of stocking,
and similar scenarios were repeated
more than 60 times in the next 36
months as new ponds were constructed
all over the state.

At the time, HGD was an emerging
disease problem with an unknown cause.
Because of the high mortality rates and
the lack of an available treatment,
LAADDL staff recommended rapid
harvest if the fish were of marketable
size, followed by a complete disinfection
of ponds with quick lime. Six years later
a protozoan parasite was confirmed as
the causative agent. Soon after that, a
small aquatic worm was implicated as an
intermediate host for the parasite,
releasing a small spore into the water
that infected the fish. The catfish was an
accidental host for the parasite, however,
because the parasite was never able to
completeitslife cycle and produce a
stage that could reinfect the worm. At
present, with still no treatment available,
efforts continue to find a control for the
worm host and to identify the true final
host. Elimination of the worm host or the
final host are the only options for
controlling HGD-associated deaths.

Crawfish
Farm-raised crawfish seldom
experience disease outbreaks. While

growing rapidly, they constantly molt
the exoskeleton and, in the process, shed
any external parasites. Also, crawfish
production is not nearly asintensive as
the other aguaculture systemsin the
state, so the stress/crowding-associated
diseases are uncommon. But, in the late
1980s, two developments in the industry
led to intensification.

First, attempts to expand crawfish
markets to non-traditional marketsin
other states found that consumers were
reluctant to eat crawfish with the dark
vein (actually intestine). Thisled to the
development of high density purging
systems in which crawfish were held for
two to three days without feed to allow
theintestina tract to become void. The
resulting product looked cleaner and was
more acceptable.

Second, the softshell crawfish
phenomenon swept through L ouisiana.
Using technology developed at the
Louisiana Agricultural Experiment
Station, producers held crawfish at high
density in tray systems, selected crawfish
as they shed their exoskeletons and sold
them to the restaurant trade for more
than $7 per pound.

Unfortunately, asin other situations,
harvest and movement to the intensive,
crowded conditions stressed the craw-
fish. In 1985, unexplained mortalities
began occurring in an experimental
purging system at the Ben Hur Aquacul-
ture Facility, now the Aquaculture
Research Station. A non-01 strain of
Vibrio cholerae was the cause. Over the
next several years, V. cholerae was
isolated from a number of purging and
softshell operations that were experienc-
ing significant die-offs. Recommenda-
tions to reduce harvesting stress by
running traps more frequently and to
reduce transport stress by keeping the
animals cool and moist helped alleviate
the problem somewhat. Eventually the

Ronald L. Thune, Professor, Departments of
Veterinary Science and Veterinary Microbiology
and Parasitology, and John P. Hawke, Assistant
Professor, Veterinary Microbiology and
Parasitology, School of Veterinary Medicine,
Baton Rouge, La.
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softshell industry succumbed to eco-
nomic problems associated with overpro-
duction, but V. choleraeis occasionally
diagnosed in the remaining facilities.

Tilapia

In August 1992, the Department of
Wildlife and Fisheriesissued the first
permit for atilapiafarm in Louisiana. It
was very restrictive and limited to
indoor, recirculating, intensive systems.
The success of theinitial farm attracted
additional producers, and L ouisiana now
has five. Aswith other species, the
appearance of a serious disease was
inevitable and, in 1994, we began to
receive tilapia specimens from all over
the United States. A serious bacterial
pathogen, Streptococcus iniae, was
isolated from the diseased specimens.
Fortunately, the disease was not reported
from Louisianafarms. Because of the

Photoby Greg Lutz
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InLouisiana, tilapiacanbegrownonlyindoorssincethey are notaspecies nativetothe
researchatthe AquacultureResearchStation.

18 LouisianaAgriculture, Fall 1999

.

seriousness of the S. iniae problem in
other regions, LAADDL staff recom-
mended that L ouisiana producers not
import any tilapia, and, if importation
was necessary, to apply strict quarantine
procedures. This recommendation was
followed, and as of thiswriting S. iniae
has not been reported from Louisiana
tilapiafarms. It remains a significant
problem elsewhere.

Hybrid Striped Bass

In the late 1980s, intensive culture
of hybrid striped bass increased dramati-
caly in Louisiana and surrounding
states. Thiswas reflected in submissions
of hybrid striped bass specimens, which
increased from 18 cases in 1988 to 220
in 1991. Parasitic and bacterial infections
were common in the early development
of theindustry, all of which could be
controlled with treatment.
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state. Thisregulationmay belifted pending further

In 1990, hybrid striped bass culture
spread to the coastal marshes where fish
were raised in cages and raceways. That
December, anew bacterium, known as
Photobacterium damsel ae subsp.
piscicida, was isolated on one of the
coastal farms. Photobacteriosis proved
difficult to control because the fish stop
eating, which precludes treatment with
antibioticsin feed.

Over the next several years,
photobacteriosis caused massive
mortalities and was at least partially
responsible for closing several fledgling
hybrid striped bass farms on the coast,
where it remains amajor constraint to
the development of fish culture. Recent
research has led to the development of a
live attenuated vaccine for photobac-
teriosis that has promise for preventing the
problem worldwide (see page 15). B




Preventing enteric septicemia of catfish
and photobacteriosis in hybrid striped bass

Twoserious problems affecting Louisianaaquacultureare
the bacterial pathogens that cause entericsepticemiaof catfish
(ESO)and photobacteriosisin hybrid striped bass.ESCcauses the
loss of millions of dollars annually in the catfish industry.
Photobacteriosis restricts the development of hybrid striped
bass cultureincoastal Louisianaandcausesfinanciallossesinthe
MediterraneanregionandJapan.

Theonlytools for controlling these diseases areantibiotics
used afterclinical signs appear. Because the antibiotics are
deliveredinfeed,andbecausesickfish
often ceasefeeding, the “treatment”
actuallypreventsdiseaseinthefishnot
yetinfected. Effectivevaccines,onthe
otherhand, acttopreventdisease by
stimulating the naturalimmunesys-
temofthefish. Theimmune system
becomes “primed”invaccinatedfish,
increasing theabilityof theimmune
systemtorecognizeandkillthe bacte-
riumbeforeestablishmentofdisease.

Researchers previouslyvaccinated
againstESCand photobacteriosis by
immersingfishinabacterial cell sus-
pensionthatwas killed bytheaddition
offormalin.Vaccination byinjection,
the method of choiceforhumanand
animalmedicine, is noteconomically
feasible for catfish or hybrid striped
bass becauseofthesmallsizeatvacci-
nation, the large numbers offishand
therelativelylowvalue perindividual
fish. Protection from disease using
thesekilled vaccines, however, was
veryweak, partly because of the poor
uptake ofkilledvaccines byimmersion. Otherstudies indicated
thatboth bacteriacan surviveand growwithinliving cellsinthe
fish.By“hiding”incells, the bacteriaare able toavoid the parts
oftheimmune systemthatare most stronglyactivated bykilled
vaccines, resultinginaweak protective response.

Toinducea protectiveimmuneresponse,itwas apparent
thatalargerdose of vaccine needed to be delivered, and thatit
neededtobedeliveredinawaythat more closely mimickedthe
natural,intracellularlocationoftheinfection. Because both ofthe
bacteriathatcause ESCand photobacteriosis are capable of rapid
invasionofthefishfromthewater, live vaccine strains thatretain
thisinvasive capabilitywill“inject”large doses of vaccine. Ifthe live
vaccinealsoretainsits intracellularresidence, itwillstimulate the
parts of theimmune systemthatareimportantin controlling
bacteriathatcanhideinhostcells. Thecombinationshouldresult
inasafe, effective vaccine thatwill protectfishfromdisease.

With support from the Louisiana Catfish Promotionand
ResearchBoard, Alpharmalnc.inSeattle, the LouisianaEducation
QuialitySupportFund, the National SeaGrant Program and the
U.S. Department of Agriculture (USDA), we have successfully
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Inthelate 1980s, intensivecultureofhybridstripedbassincreaseddramaticallyinLouisiana
andsurroundingstates. Photobacteriosisisadiseasethatthreatensthisindustry.

developedandareevaluating livevaccine strains that prevent ESC
and photobacteriosis. Using moleculargenetictechniques, we
deleted from each bacteriumagene required forgrowth. Its
deletiondoes notaffectthe bacteria’s abilitytoinvade fishand
establishaninitialinfectionwithin host cells. The bacteriacan
infectthe fishanddistribute themselves in the cells, but their
growthis limited becauseofthe deletedgene. Asaresult, thefish
clearthe bacteriafromtheir bodieswithin48hoursto72 hours.
Becausethegenedeletionwas carefullyconstructedandinvolves

PhotobyGregLutz

alarge portionofthegene, thevaccinestrain cannotreverttothe
wild, disease-causingstrain.

Duringthe abortive “infection”with the live vaccine strain,
thefishimmune systeminteractswith the bacteriaasitwouldin
the earlystages ofanaturalinfection, stimulating the partofthe
immunesystemrequiredto protectagainstintracellularbacteria.
Essentially,we have createdaversionofthe bacteriathat“injects”
itself, butdoes notcausedisease. Inourexperiments, we have
demonstrated thatvaccinationwiththevaccinestrainsresultsin
significant protection from disease afterexposure tothewild,
virulentbacteria. The ESCvaccineis approved forfield testing
by the USDA, and experiments are under way to generate
datatosupportafullvaccinelicenseapplication tothe USDA.
Preliminary dataforthe photobacteriosis vaccine are almost
completed,andanapplication forfield testingwill be submitted
tothe USDAiIn1999.1

Ronald L. Thune, Professor, Departments of Veterinary Scienceand
Veterinary Microbiology and Parasitology, and John P. Hawke, Assistant
Professor, Veterinary Microbiology and Parasitology, School of
Veterinary Medicine, BatonRouge, La.
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Omarentalspecies

Stripedbass

Potential for Increased Diversification
in Louisiana’s Aquaculture Industry

C.Greg Lutz

Athough Louisiana aready has a
diverse aquaculture industry, many more
species could be grown here or grown on
alarger scale. Many prospects present
specific problems that could complicate
commercia development, but most of
these constraints relate to marketing,
financing or regulatory considerations,
not technical issues. Thisarticle ad-
dresses some of these potential speciesin
the order of most promising to least
promising.

Hybrid striped bass

Perhaps the most promising finfish
candidate for future commercia devel-
opment in Louisianais the hybrid striped
bass. In the past decade, successful
hybrid striped bass culture has been
demonstrated in northeast, south-central
and coastal areas of the state. Although
L ouisiana has more than18,000 acres of
commercial catfish ponds, only 15,500
arein production. Many are suitable for
commercial production of hybrid striped
bass.

C. Greg Lutz, Associate Specialist (Aquaculture),
Louisiana Cooperative Extension Service, LSU
Agricultural Center, Baton Rouge, La.
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Existing markets for hybrid stripers
are mostly on the East Coast. These
outlets could probably absorb added
production without significantly reduc-
ing profitability, but substantial increases
in production will require distribution
into new markets. Fortunately, thisfish
could potentially fill many supply gaps
resulting from reduced availability of
traditional species along the Gulf and
Atlantic coasts. LSU Agricultural Center
research on hybrid striped bass focuses
on immunization against major diseases,
potential for development of domesti-
cated hybrid-based strains, production
strategies to spread harvests throughout
the year and other topics.

Cocahoe minnows

The popularity of cocahoes as bait
for recreational marine species has
remained high. Commercial suppliers
depend on wild-caught minnows, and
they have failed to keep pace with
demand. Techniques for culturing
cocahoes were first investigated in
Alabamain the 1970s. Later work in
Texas outlined recommended ap-
proaches to cocahoe production, based
on research and commercia results there
and elsewhere. Net, after-tax revenues of

$2,990 per water-acre were projected,
and potential markets for farm-raised
minnows were identified along most of
the northern Gulf of Mexico.

Aquaticplants

Louisiana has the climate, soil and
water resources to propagate commercial
algae, ornamental plants for aquariums
and water gardens, and marsh and
wetland vegetation for restoration or
mitigation projects. Markets are expand-
ing rapidly, and these aquatic crops
could be quite profitable.

Ornamental species

Increasing popularity of water
gardens throughout the southeastern
United States has created demand for koi
carp and fancy goldfish. One of the
country’s premier koi farms operatesin
Pointe Coupee Parish. Potential also
exists for commercial production of
many freshwater aquarium speciesin
Plaguemines Parish, south of Pointe ala
Hache, in small ponds similar to those
used by producers in the Tampa Bay
region.



Freshwaterprawn

Tilapia

Tilapiais the common name for a
group of tropical, perch-like species
native to Africaand the Middle East but
introduced to tropical regions world-
wide. Tilapia production has increased
dramatically in North Americain
response to Asian and Hispanic demand
for live fish in metropolitan areas.
Outdoor production of tilapiaislegal in
Arkansas, Mississippi and Texas, but
Louisiana’s Department of Wildlife and
Fisheries requires these fish to be kept in
indoor recirculating systems to prevent
their escaping to local waters. This
increases production costs considerably,
but reduces seasonality and depressed
prices associated with the harvest of
these tropical fish from ponds before the
first cold front each winter.

Greenhouse-based systems devel -
oped by L ouisiana growers and Coop-
erative Extension Service personnel
achieve lower production costs than
most other U.S. operations. Unfortu-
nately, tilapia farms have been con-
structed throughout the United Statesin
recent years, and pricesin live markets
have plummeted as aresult. For the past
eight to 10 months, most tilapia going
to live markets have been sold at
significantly less than production cost
because late arrivals to the industry
have been faced with the need to
service start-up debt.

In Central America, northern South
America and the Caribbean basin,
commercial production of tilapia has
expanded rapidly to target North
American fillet markets. If U.S. tilapia

producers are to avoid substantial losses
and compete in fillet markets, production
costs must be further reduced through
adoption of improved stocks. Research
inthisareais a cooperative effort of the
LSU Ag Center and commercial produc-
ers. Results from analyses of Louisiana
greenhouse systems suggest that using
faster growing strainsin conjunction
with improved filtration systems could
potentially lower costs to produce and
deliver fresh fillets to levels comparable
with estimates for imported product.

Softshell crawfish

The seasonality that has plagued the
softshell crawfish industry might be
reduced by using an aternative, comple-
mentary species of crawfish. Orconectes
lancifer is a shrimp-like crawfish native
to many parts of Louisiana. It tolerates
high temperatures and low oxygen,
spawnsin late winter and grows through-
out the summer and fall when normal
supplies of shedding crawfish are
unavailable.

Redfish

A moratorium on commercial
redfish, or red drum, harvests from the
Gulf in the 1980s led researchers and
entrepreneurs to devote considerable
resources to the development of aquacul-
ture techniques for this species. Budgets
developed for red drum production in the
late 1980s and early 1990s were based
largely on preliminary research and
optimistic assumptions. As experimental
data from public institutions and private
ventures became available, however,

lllustration by ElmaSue McCallum
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original estimates of profitability often
proved overly inflated. Research and
commercial efforts devoted to red drum
culture declined steadily through the
1990s as temperature, disease and cash
flow risks were increasingly perceived to
outweigh the potential for profits.

Few areas of research stand out as
avenues to expand commercial produc-
tion of red drum. One approach that may
hold some promise is recirculating tank
production. In recent years, equipment
options and management strategies
available to producers who use indoor
recirculating methods have improved
dramatically. Red drum adapt fairly well
to tank culture, as evidenced by success
at various research facilities.

Freshwater prawns

Production of the tropical Malaysian
prawn is biologically feasible in many
southeastern states, including Louisiana.
Aswith tilapia, the need to complete
pond harvests each fall before cold
weather resultsin marketing constraints.
Additional problemsrelate to limited
availability and high cost of juvenilesfor
stocking in late spring. Ag Center
research with this species focuses on
production of all-male or sterile stocksin
an effort to improve yields and reduce
sizevariability at harvest.

Eels

Eels have long been avaluable
aquaculture crop in Europe and the Far
East. Captive spawning is not practical,
but production technologies are well
documented, and wild-caught elvers are
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occasionally available along the Gulf
Coast. Although global competition
might limit export opportunities for this
species, regional and live markets might
absorb considerable production.

Hybrid bream

Thisfishis primarily alive market
item, but there is limited demand for
dressed fish in New York aswell as
Chicago and other Midwestern markets.
The degree to which prices will drop
with any increase in supply remains to
be seen.

Shrimp

Little or no potential existsfor
economically viable marine shrimp
farming in Louisiana, but sophisticated
hatchery operations producing high-
quality, pathogen-free post-larvae for
export to shrimp-producing countriesin
Central and South America could be
profitable.

Bullfrogs

Several major problems with frog
culture remain unsolved. When com-
bined with comparatively high land and
labor costs and limited growing seasons,
these constraints have prevented the
development of commercial frog culture
in the United States. Up to 1.15 pounds
of livefood is required to produce a

single 0.4- pound bullfrog destined for
the frog leg market, and bullfrogs will
not voluntarily consume artificial diets
that lack the appropriate combination of
movement, texture and flavor. Ap-
proaches to commercial frog culturein
tropical regions can be adapted to allow
laboratory-scale production of small
frogs for research and teaching purposes,
but high costs rule out commercial frog
leg production in the Southeast.

Offshorecage production

The technology exists to build
offshore fish cages that can easily
withstand conditions in the Gulf, and
many offshore platforms are aready in
place to support production operations.
No outstanding high-value candidate
species presentsitself for conditionsin
the Gulf, but future domestication efforts
may result in availability of fingerlings
of one or several species from the
snapper-grouper complex or possibly
some type of flatfish. Successful net-pen
siting depends on finding currents that
freshen the water within the net-pen on a
continual basis and disperse feces and
uneaten feed across a wide swath of
water bottom to avoid buildup of anoxic
sediments. Criticisms of net-pen farming
in other parts of the world include the
assertion that captive fish serve as
reservoirs for diseases and parasites.

Offshore production will probably
require on-shore facilities for hatchery
and nursery operations. These might
have considerable siting problemsin the
coastal zone.

Onthehorizon

A number of species are being
considered or actually evaluated for
commercia potential in the Southeast.
When evaluating the ability of Louisiana
producers to compete with imported
products, key considerations for any
speciesinvolve the relative costs of
production, processing and distribution.
In spite of high transportation costs,
tilapia producersin Central and South
Americacan put afillet on the market in
Louisiana for a much lower cost than
local producers can. In the case of live
fish or aquatic plants, however, high
transportation and distribution costs far
outweigh production advantages of
foreign producers, effectively preventing
competition from imports. As technol-
ogy evolves and demand for seafood
increases, it isalmost a certainty that
new species will become availableto
L ouisiana producers. Technology and
expertise, however, cannot foster
aquaculture development in Louisiana
without a parallel emphasis on regula-
tory, financial and marketing support for
thisindustry. &

PhotobyGregLutz

Thetechnologyexistsformarshmaricultureandoffshorefishcagesthatcaneasilywithstandconditions inthe
GulfofMexico, andmanyoffshoreplatforms arealreadyinplacetosupportproductionoperations.
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Fe preferred way to cook crawfish
isto boil the whole animal in seasoned
water and then serve it so the consumer
extracts the abdominal muscle, or tail
meat, by hand. When the exoskeleton is
peeled from the abdomen, the intestineis
often exposed and can be unappealing.
The full, dark-colored intestine of
unpurged crawfish contrasts conspicu-
ously with the light-colored meat. It can
be particularly offen-
siveif theintestinal
wall is ruptured during
peeling, contaminating
the meat with gritty
fecal material.

For amore
attractive product,
crawfish are some-
times placed in
depuration or “purg-
ing” systems for one or
two days. Crawfish are
confined in water or
high humidity environ-
ments and food is
withheld. This process
cleans the exoskeleton
of mud and debris and
eliminates or greatly
reduces digestain the
intestine. The intestine
of afully purged
crawfishissmaller,
translucent and much less conspicuous.
Because purging removes ingesta from
the stomach and cleans the gill chamber
of grit and mud, the water used to boil
crawfish does not become contaminated.

Placing crawfish in salted water for
several minutes before cooking is
sometimes improperly referred to as
purging, but this process does little to
remove contents of the intestineand is
little more than a cursory wash. The salt
has little effect.

Some people who have eaten
crawfish for many years are accustomed

Thisisanimmersionpurgingsystemat

W.Ray McClain

to non-purged crawfish and do not find
them objectionable. Nonethel ess, most
would prefer a purged product if the
additional costs were minor. Purging has
contributed to repeat sales and loyalty to
certain suppliers and has helped foster
new marketsin non-traditional locales.

Because costs of purged crawfish

are 15 percent to 25 percent higher, the
current market for purged crawfish is

T —

relatively small. The higher cost of
purged crawfish comes from the capital
expenditures and operating expenses
needed for purging, the extralabor
required and crawfish death associated
with the purging process. Research has
been conducted at the LSU Agricultural
Center’s Aquaculture and Rice Research
stations to better characterize the purging
process and to develop protocols for
reducing cost.

Two basic types of purging systems
have been used in the industry. Immer-
sion, which is the most common,

theRiceResearchStationusedinresearch.
_JohnSonnier, researchassistant, poursthepurgedcrawfishontoatrayfor sorting.
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involves totally immersing the crawfish.
The spray system involves exposing the
crawfish to water spray or mist. Both
types were evaluated for their effect on
crawfish survival and evacuation rate of
intestinal contents. The findings showed
that the systems were similar.

Crawfish mortality during purging
averaged 8 percent after 24 hours and 12
percent for 48 hours and was similar to
previous findings. Of
the total amount of
intestinal contents
excreted during 48
hours of purging, 70
percent, on average,
was excreted within
the first 12 hours.
Because purge-
related mortality
increases with time,
the shortest accept-
able purge duration
will be the most cost
effective. A 12-hour
(or overnight) purge
issufficient for
cleaning the exterior
of crawfish and for
the evacuation of
most of the intestinal
contents. A 12-hour
duration will incur
the least mortality
and use less energy. Therefore, approxi-
mately 12 hoursislikely to become the
recommended purge duration.

Research is evaluating ways to
increase the efficacy of purging. Prelimi-
nary findings suggest that segregating
crawfish by size and decreasing the
loading rates during purging lessens
mortality. ll
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W. Ray McClain, Professor, Rice Research
Station, Crowley, La.
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Quest Continues for Rice Variety

Tailored to Crawfish Production

W.Ray McClain and Steven D. Linscombe

Ga/vfish aquaculturein Louisiana
depends solely on a forage-based food
system for supplying nutrients to the
growing animals. Because of available
plant residue following grain harvests
and because rice exhibits good regrowth
characteristics, crawfish production often
follows the rice harvest as a common
crop rotation practice. Not all use of rice
forage in crawfish production occurs as a
result of rice-crawfish multi-cropping
practices, however. A substantial portion
of the crawfish production occursin
mono-cropping systems, where crawfish
isthe only crop harvested. Rice is often
the preferred forage crop in those
systems and is planted strictly for its
desirable forage characteristics and not
grain production. Although rice has
proved to be, on average, the best forage
resource, it is often depleted prematurely
in ponds with large numbers of crawfish.
This causes food shortages for the
remainder of the production season,
resulting in stunted crawfish. Since
crawfish are valued according to harvest
size, this causes an economic disadvantage.

Currently, only common domestic
rice varieties, bred for grain production,
are available for mono-cropping sys-
tems. The forage characteristics of
today’ s domestic rice varieties, however,
are less desirable under flooded crawfish
culture conditions than those of the past.
Rice breeders have developed varieties
for grain production that have higher
grain-to-forage ratios, are shorter in plant
height and mature earlier. These charac-
teristics render them less desirable as
crawfish forage sources. Asthe gap
widens between the desirable traits of the
older varieties and the newer grain-
producing varieties, the need has grown
for a crawfish-specific rice variety with
more desirable forage traits.

Research has been under way at the
Rice Research Station since 1991 to
evaluate rice genotypes for characteris-

W. Ray McClain, Professor, and Steven D.
Linscombe, Professor, Rice Research Station,
Crowley, La
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Figure 1.Comparison of average total forage biomass (three-year
average) by monthfor the U.S.varieties Mars and Cypress and the three
experimentalllines.
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tics desirable in crawfish culture. More
than 16,000 genetic lines from the U.S.
Department of Agriculture Rice World
Collection, as well as current and older
domestic varieties, have been screened.
Desirable traits, such as extensive forage

production, cold tolerance, long maturity
cycle, high resistance to lodging, slow
depletion rates, disease resistance and
propensity for forage regrowth in early
spring, were some of the criteriafor
selection. Large differencesin forage

Figure 2. Whenplantedinearly August, the domesticricevariety Cypress (far center)
reachedmaturityinNovember andbeganits declinemuchsooner thantheexperimental
genotypes(foregroundandbackground)thatdidnotreachmaturity.
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attributes were observed, and three
outstanding candidates—short grain types
originating in Taiwan, Fiji and China—
were selected for further trials.

In preliminary field trials conducted
over three yearsin small, experimental
crawfish ponds, the improved exotic
lines consistently outperformed the
varieties Mars, an industry standard for
years, and Cypress, the most currently
used variety. There were few differences
among the experimental lines, but those
genotypes produced greater amounts of
forage than did the domestic varieties,
and the forage availability during the
later months of the crawfish production
season was much greater (Figure 1).

Although on average, total crawfish
production (averaging more than 1,100
pounds per acre) with the experimental
lines was no greater than with the
domestic varieties, a greater proportion
of large, high-value crawfish were
produced in ponds planted with the
experimental genotypes. The proportion
of crawfish grading into the largest size
category was increased by 14 percent to
20 percent with the experimental lines.
This most likely occurred because of the
increased forage residue late in the
production season, often atime of severe
food shortages.

Moreover, in preliminary yield tests
conducted under typical rice-growing
conditions, all three experimental lines
averaged grain yields comparable to
current domestic varieties. Milling yields
of two of the lines were satisfactory, too.
Acceptable grain yields would be
essential to seed growers for the eco-
nomic propagation of seed. Good milling
yields might encourage production of
rice for niche grain markets, providing
greater incentives and markets for the
seed producers.

Further evaluations of the experi-
mental lines and crawfish production
will be conducted, and improvements
will be sought through additional
purification during seed increases.
Pending acceptable results of those tests,
one or more of the experimental lines
will be evaluated for immediate release
asthefirst crawfish-specific rice variety
or incorporated into the Rice Station’s
rice breeding program for further
development. B

GENOME MAPPING
of aquaculture species

Geneticists developmaps of DNAmolecules toaidin understandinginherit-
ance patterns.Onekindof map, calledageneticlinkage map, describesinheritance
ofobservabletraits, suchas colororshape, and usuallyinvolves breeding studies
tocompare parents and offspring. Physical genome maps describe the actual
geography of chromosomes, the DNA-bearing structures within the control
center(nucleus)ofacell. These maps do not require breeding studies. Physical
maps are derived mainly from chemical measurements made on the DNA
molecules ofanorganism, referredtocollectivelyas the “genome.” Thesemaps can
identifythe genes that carrythe blueprints forthe proteins necessaryfor life or
stretches of genetic material with no known function. Inthe Human Genome
Project,amassive researchefforttocharacterize the complete DNA sequence of
human beings, both ofthese maptypesare considered equallyimportantandare
beingdevelopedinparallel.

Geneticlinkage studies ofeconomicallyimportantfishes,suchas salmonand
trout, arefairlywell established and have been started recently forchannel catfish.
Butlittlework has been donein aquatic species toaddress physicalgenome
mapping. Untilrecently,allthatwas knownaboutchannel catfishwas thattheyhave
29 pairs of chromosomes. Thefactthathumans have 23 pairs has beenknown for
decades. Despite the economicimportance of channel catfish, littleinformation
existsaboutgeneticmarkers forproductiontraits suchas improved growthand
diseaseresistance. This is the situation forall of the aquaculture species of
Louisiana.

Achromosome map provides landmarks forgenelocation. Techniques are
welldevelopedformammalianchromosomes to produce multiple high-resolution
markers calledbands. Thesetechniques haveyieldedlittle successwhenappliedto
fishspecies, however.Fishchromosomes are moredifficulttostudythanhuman
chromosomesforseveralreasonsincludingtheirlarge numbers (sometimes more
than 100), smallsize (athird ofthe size of human chromosomes)and uniformity.
Thereare manyofthem,andtheyalllook alike. Along-termteamgoalis toprepare
detailed chromosome maps (called banded karyotypes)forthe culturedfishand
shellfish of Louisiana. Based onthis information, we willidentify the locations of
genesofeconomicimportance, suchasfordiseaseresistanceandgrowthrate,and
develop DNAmarkers touseingeneticimprovementincluding hybridization,
selective breedingandgenetransferstudies.

Becauseofgeneticsimilarityamongorganisms, physicalmappingof catfishor
oystergenes can be performed with information obtained from mammalian
species, includinghumans. This offers significantbenefits fromcomparative studies
and demonstrates adirectapplication ofwell-funded human medicalresearchto
the studyofaquaculture species, which receives muchless funding andeffort. We
have developedtechniques toidentifythe location ofindividualgenes on chromo-
somes offishandshellfish. Ourlaboratorywas thefirsttomapgenes of catfishand
oyster(oranyaquaticspecies)byatechnique knownas insitupolymerase chain
reaction. This techniqueidentifies the gene location by making copies of the DNA,
which canbelabeledandidentified usingamicroscope.l
Acknowledgments

Personnelinvolvedingenomemappingresearchinclude JohnBuchanan, PhilipCheng,
BrandyeSmithandGang Yu.

TerrenceR. Tiersch, Professor, Aquaculture Research Station; Quiyang Zhang, Postdoctoral

Scientist, andRichard K. Cooper, Associate Professor, bothinthe Department of Veterinary
Microbiology and Parasitology, LSUAgricultural Center, BatonRouge, La.

Louisiana Agriculture, Fall 1999

25



PhotobyMark Claesgens

Better Crawfish
Aquaculture
Through Research

W.Ray McClainand Robert P.Romaire

Figure 1.Researchassistant JohnSonnieris harvestingcrawfishattheRiceResearch
Station. Louisianahasmorethan 110,000acresofcrawfishponds.
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Fe domestic crawfish industry is
the only large-scale, commercially viable
crustacean aquaculture industry in North
America. With more than 110,000 acres
of crawfish ponds, Louisiana’s 1,600
farmers produce 35 million to 50 million
pounds annually worth $25 million to
$35 million at the producer level.
Another 800 commercial fishers harvest
crawfish from natural wetlands, prima-
rily the Atchafalaya River Basin, the
largest overflow swamp in the United
States.

Annual harvest from the Basin
varies with water discharge that depends
on precipitation patternsin the middie
and upper Mississippi River Valley.
Harvest may be 60 million poundsin
high water years and almost nothing in
low water years. These unpredictable
harvests, combined with increased
consumer demand, provided much of the
impetus for the development of crawfish
aquaculture. The beginning of crawfish
aquaculture in Louisiana was somewhat
humble with only about 40 acresin
1949, but the industry has grown from
an incidental crop to avital agronomic
venture.

Crawfish aquaculture is managed
either as a sole crop or as part of
integrated farming enterprises in which
riceisthe principal crop. To use natural
and economic resources efficiently,
many rice producers double-crop
crawfishin ricefields after therice
harvest. More than half the crawfish in
Louisiana are now cultured in rice fields
(Figure 1).

Crawfish evolved in seasonally
flooded wetlands, and current pond
production is based on the annual wet/
dry cycles to which the crawfish have
become adapted. Unlike the culture of
many aquatic species that require
hatcheries and formulated feeds,
crawfish culture is based on self-
sustaining populations that use a forage-
based food web for acquiring nutrition.
Crawfish retreat to burrows to survive
the summer dry period and to reproduce
(Figure 2). Growth of the offspring
occursin the shallow, forage-laden
ponds during the fall, winter and spring,
and market size animals are harvested

W. Ray McClain, Professor, Rice Research
Station, LSU Agricultural Center, Crowley, La,;
Robert P. Romaire, Resident Director and
Professor, Aquaculture Research Station, LSU
Agricultural Center, Baton Rouge, La.
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Figure2.Crawfishretreattoreproduceandsurviveponddrawdownduringthe summer.
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Researchhasdocumentedthatmostburrowingoccursinpondleveesandnotinthe pond

bottorm.

with baited traps from about December
through May.

Before 1987, there was no estab-
lished pricing system based on graded
and sized crawfish. Pricing was influ-
enced largely by supply and demand
with little regard to size, above a
minimum acceptable level. The principal
emphasis of management for the
crawfish producer was to maximize total
production of harvestable crawfish.

In 1987, amajor export initiative of
crawfish to Sweden prompted the
crawfish industry to establish grading
practices, which subsequently influenced
the production and marketing of craw-
fish and influenced crawfish research
efforts. The export market was lucrative
and demanded only select crawfish of
the largest size. To effectively segregate
crawfish for this market, the industry
devised grading processes. The estab-
lishment of grading in the industry
allowed not only the segregation of
crawfish for export but also for domestic
markets. Grading by size became a
standard industry practice. Crawfish are
routinely graded into three size grades:
large for the high-value export market,
medium for the domestic live or restau-
rant markets and small for the processed
tail meat market.

Historically, the most significant
problems facing Louisiana crawfish
producers have been low yields, harvest
of small, sub-marketable crawfish, or
low profitability resulting from ineffi-
cient harvesting techniques. Low yields
result from reproductive failures and

deaths, usually juvenile crawfish.
Production of small or stunted crawfish
occurs mainly from overpopulation,
often exacerbated by food shortages and
sometimes poor water quality. Inefficient
harvesting occurs when trapping
intensity isinsufficient or too great, or
when the most efficient traps or baits are
not used.

Since 1966, L ouisiana Agricultural
Experiment Station (LAES) researchers
have been addressing the needs of
Louisiana crawfish farmers. They have a
strong track record of developing new
technologies that have been adopted by
the industry. Ag Center research has led
to a better understanding of the factors
that affect crawfish production, includ-
ing identifying poor water quality (low
dissolved oxygen) as the primary cause
for massive mortalities of newly hatched
crawfish. Water management strategies
(such as delayed flooding and water
circulation and flushing) were developed
and are used by producers to manage for
better water quality. Research deter-
mined that planted forage crops were the
most effective for establishing a sustain-
ing food system and found rice to be the
most dependable forage.

Today, most crawfish farmers plant
rice as the forage crop. Supplemental
feeding of agricultural byproducts and
formulated feeds was investigated and,
although found to be somewhat effec-
tive, it was usually not economical.
Harvesting research determined the
optimum density of traps, optimal bait
soak time and, probably most significant,

led to the development of formulated
(pelleted) baits that replaced much of the
fresh-frozen fish baits. Today, feed
manufacturers sell $4 million to $5
million of formulated crawfish bait each
year, nearly half of the total crawfish bait
market.

Research during the 1990s has
continued to address production needs of
the crawfish industry, with special focus
on producing larger crawfish. Small
crawfish are least valuable, but the
highest percentage of the cultivated
crawfish crop traditionally fallsinto the
smallest category.

Compounding the problem of small
crawfish, beginning in 1991, Louisiana's
crawfish industry was hurt by massive
imports of crawfish tail meat from China
at below fair market value. In 1996, 8.5
million pounds of imported crawfish tall
meat (nearly 56 million pounds of live
weight equivalent) displaced more than
90 percent of Louisiana s domestic
crawfish meat market. Crawfish produc-
erslost markets for small crawfish that
were traditionally peeled and were
subsequently deprived of a significant
source of income. Although a tariff was
imposed on most of the importersin
1997 and eased the situation, research
emphasis has been directed at production
of larger crawfish and improving
production efficiency.

LAES researchers determined that
overpopulation is the single most
important factor affecting crawfish size
at harvest. Renewed scientific investiga-
tions into supplemental feeding in the
1990s showed that harvest size and
yields could be marginally increased by
feeding, but feeding negatively affected
catch by interfering with the effective-
ness of the baited trap, and feeding alone
could not negate the effect of over-
crowding. Researchers learned that
overcrowding was caused by many
factors, including a high levee areato
pond surface ratio that increases the
burrowing area for crawfish. It was
determined also that extensive levee
renovation hurt crawfish production by
destroying adult and newly hatched
crawfish in the burrow. Producers,
dependent on natural recruitment from
broodstock contained in the pond, have
little control over populations but now
have a better understanding of crawfish
population dynamics and that relation-
ship to production. Means to control
overpopulation and to augment low
populations have been the focus of
recent research efforts by LAES scien-
tists; although promising results have
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been attained, few recommendations
have yet been devel oped.

Harvesting costs account for 50
percent to 70 percent of the cost of
producing farm-raised crawfish, and
findings from harvest research con-
ducted by LAES scientists have trans-
lated into significant savings in bait and
labor costs. Reductionsin harvesting
days and bait use with the more efficient
pyramid trap (Figure 3) was achieved
without reducing yield, but with signifi-
cant savings in harvesting cost. Addi-
tionally, it was shown that with
reductions in trapping intensity, larger
crawfish could be harvested. Industry
adoption of these harvesting practicesis
estimated to have saved the industry $2
million to $3 million annually since
1993. More recently, research has \
determined that trap harvesting becomes Y N Y Lv i o £
more efficient when bait type is alter- Figure 3. Theefficientpyramidtraphasbecometheindustry standardusedtoharvest
nated daily. Thisisa"no cost” manage-  crawfishfromcultureponds. Muchofthecurrentharvestingstrategywasdevelopedby

ment tool thought to work by maintain-  scjeptistswiththel SUAgricultural Center.
ing amore distinct scent gradient, thus

increasing the attractiveness of the bait.
The LSU Ag Center iscommittedto  research. Financia support of crawfish Special Grants Program, the Louisiana

PhotobyW.Ray McClain

working on behalf of the Louisiana research has been provided from several  Board of Regents LEQSF program and
crawfish industry and will continue to sources including the Louisiana Craw- the USDA'’ s Southern Regiona Aquac-
address production concerns of the fish Promotion and Research Board ulture Center. &

crawfish producers through applied (through check-off funds), USDA

Photo byJohnWozniak

L AR A e o iv iy 3
& M M0 A ¥ &

A s g8 Y Nrim Al . R 4 4 [ { LW s - -al..l. i
Harvestingcosts accountfor 50 percentto 70percentofthe costofproducing farm-raisedcrawfish, andfindings fromharvestresearch
conductedby AESscientists havetranslatedintosignificantsavingsinbaitandlabor costs.
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ADDING VALUE

Making useof Louisiana’s undersized crawfish

Numerous studies have been done onvalue-added new
productdevelopmentfrom byproducts andwaste of seafood
processingoperations orfromunderusedfishspecies, butthe
onlyresearch on use of minced meat recovered from under-
sizedcrawfishisatthe LSUAgricultural Center. Understanding
the properties of crawfish minced meatforusein subsequent
newproductdevelopmentis critical. Theminced meathas 77.5
percent moisture, 1.2 percentfatand 14.5 percent protein.
The shelflife can be upto 6 months ifvacuum-packagedand
storedatminus 18.4 degrees F. The colorremains similarto
thatofthefreshtailmince,whichisencouragingsincefreshness
ofcrawfishis the mostimportantfactorforcommercialization,
accordingtothe marketanalysis of newcrawfishtail mince
products fromundersized crawfish.

Our preliminarywork identified potential products, in-
cludingcrawfishdiporbutter,seafood sauces, patties, nuggets
orsausage. Markets identifiedinclude seafood restaurantsin
Louisiana, Mississippiandthe Texas GulfCoast. Morethan 70
percentofrestaurantmanagers and chefsinthese markets
respondingtoamailsurveyindicatedwillingnesstobuyabase
orstuffing productpreparedfrom mincedcrawfish. Freshness,
followed by price and flavor, areimportantattributes. Forthe
minced meatcrawfish base or stuffing to be successful, they
mustbeafresh productwithaheartycrawfishflavor,andthey
must be priced at 30 percentto 70 percent of the cost of the

freshtailmeat.
Crawfishnugget

Thecrawfishnuggetisanexampleofaproductprepared
from minced meat recovered from underused undersized
crawfishandwas initiallydevelopedin 1997 byresearchersin
the Departmentof Food Science and Department of Agricul-
tural Economics and Agribusiness. The productdevelopment
involves several stepsincludingapreliminary marketstudy,
productformulation, process development, qualityassess-
ment,consumeracceptanceevaluationand markettests. The
productwas formulatedto have ahot-spicytasteandcontain
morethan 50 percentcrawfish minced meat. Thefried nuggets,
dependingonformulation,have 12.7 percentto 18.4 percent
protein, 16.4 percentto 20.6 percentfat,and 36.6 percentto
45 4 percentmoisture.

Eleven nugget products were formulated and usedin
consumertaste testsin 1998. Atotal of 177 consumers
participated inthis study. About 73 percentindicated that
“taste”is the most critical sensoryattribute. The “hot-spicy”
and “salty”are the most preferred tastes. Consumers also
wereconcernedaboutthe price(60.5 percent)andthesizeand
shapeofthe product(22.6 percent). Consumerswereaskedto
evaluate appearance, color, flavor, surface texture, overall

WitoonPrinyawiwatkulconductsconsumertastepanelsinhis
laboratoryfacilities. Therearetwodifferentproductsonhisplate,
acrawfishnuggetandacatfish‘finger.”

textureandoverallliking ofthe products. Theyalsoclassified
eachcrawfishnugget productas “acceptable”’and “unaccept-
able” and indicated whether theywould buyornot buythe
products.

Ofthe 11 formulations, two showmarket potential. The
acceptabilityscores forappearance, color, flavor, surface tex-
ture, overall texture and overall liking were higherthan 7
(moderatelylike)ona9-point scale. More than 90 percent of
the participating consumersindicated thatthese two products
were acceptable,and morethan 83 percentindicated they
would buythe product.

Economicimpact

The outlook for more innovative and effective crawfish
processing technologyand byproductrecoveryis promising.
With enforcement of pollution laws to protect the environ-
ment, crawfish processors haveshownanincreasinginterestin
using undersized crawfish. This would minimize pollution
problems and offset costs involvedin disposal of processing
byproducts andwastes, and, atthe sametime, maximize the
processors’ profits. Inthe long run, maximizing the use of
underused, undersized crawfishwill notonlyenhance the
competitiveness ofthe Louisianacrawfishindustry, butalso
enhancethestate’s economicdevelopment.l

Witoon Prinyawiwatkul, Assistant Professor, and Samuel P. Meyers,
Professor Emeritus, Department of Food Science, LSUAgricultural
Center, BatonRouge, La.; R. Wes Harrison, Associate Professor,
Department of Agricultural Economics andRural Sociology,
University of Tennessee, Knoxville, Tenn.

Louisiana Agriculture, Fall 1999

~
.S
=
8
=
=
<
(o}
oy
o
)
<]
<
T

29



Turning minced meat from catfish frames into surimi

Most catfishis processed intofresh or frozen fillets and
whole-dressedfish.Otherproductsinclude steaks,nuggetsand
value-added products, whichaccountedfor21 percentofthe
total products soldin 1998. Thedress-outyield of catfish,when
processedasfillets, is about45 percent,generatingabout 55
percentbyproducts. Upto 75 percentofusable minced meatcan
berecoveredfromcatfishframes.

Catfish processors haveincreasinglyshowninterestincon-
verting byproducts or processingwasteintoediblevalue-added
food products.Several researchers have investigated the recov-
eryofminced meatfromfilleted catfishframes usingamechanical
meat-boneseparator. This minced meatcanbefurtherprocessed
into surimi.Surimihas little ornoflavor ofthe original fishand
therefore canbe usedasanintermediate rawmaterial forvarious
seafood-basedproducts.

Modified surimiprocessing

Thebasicsurimimanufacturing processinvolveswashingthe
mince, drainingtoremove excessivewater, strainingorrefining
toremove remaining skinorbones, screw-pressingtodewater,
mixingthe mincewith cryoprotectants, packingandfreezing. The
estimated production cost for producing surimifrom mince
recovered from catfish frames using the standard commercial
techniquesis probably higherthan that of commercial surimi
madefrom Alaska pollock. The process to produce catfishsurimi
requires largevolumes ofwatertoremove blood, pigments, lipids
andwater-soluble proteins.Reducing thewaterrequiredwould
lower the production costand reduce the space required for
wastewatertreatment. Lower production costs would encour-
agecatfish processorstofurtherinvesttoextendthe production
linetoinclude surimi.

Process modification toreduce production cost of catfish
surimiis beinginvestigated by researchers inthe Department of
FoodScience. Twodifferent processing techniqueswereapplied
forthewashingstep:(1)atraditional process—twicewashing
using 1 part mince to 3 parts ice-water and (2) amodified
process—onewashingusing 1 partminceto5 parts ice-water
with 0.5 percent sodium bicarbonate. The yield (about 23
percent)of surimi products prepared from both processeswas
notsignificantlydifferent. The modified process yielded surimi
with significantlylowerfat(0.02 percent)and higher protein (15
percent), however, thanthe standard process. The modified
process alsoresultedin alowerwhiteness index and liquid
expressibledrip.

Ourstudysuggestedthatwatervolumerequiredforcatfish
surimiprocessing can be reduced. Furthermore, all significant
potentialhuman pathogenswere reduced toanon-detectable
levelasaresultofourcontrolled processes used during produc-
tionof minced meatand surimiproducts.

Improvingwhiteness of catfish surimi

Another major concern of surimiqualityis color. Surimi
processedfromcatfishfilleted frames hasinferiorwhiteness (55)
comparedtocommercial surimi,which normallyhas awhiteness
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valuearound 67. Appearance plays acritical roleinfood accep-
tance. Ourinterestwas therefore todetermine thefeasibility of
improving colorwhiteness of catfish surimiusing titanium diox-
ide,asimpleandeconomicalapproach. Thesurimisampleswere
thoroughly mixedwithtitanium dioxide and subsequentlyana-
lyzedinstrumentallyandbyconsumers.Significantimprovement
of whiteness of surimi products over the control (noadded
titaniumdioxide)was observedatO0.1 percenttitaniumdioxide.
Whiteness of surimiincreasedwith increased percentage of
titaniumdioxide. Adding morethan 0.7 percenttitaniumdioxide
did notsignificantlyincreasewhiteness. Consumers perceived
differencesinwhitenesswhentitaniumdioxidewasaddedat0.1

percent. Acceptability of surimiwas increased overthe control
samplewhenatleast0.5 percenttitaniumdioxidewas added.

Value-addedformedcatfishproducts

Interestin developing formed catfish products from un-
washed mince recovered fromfilleted frames has increased.
Because ofits poorfunctionality, unwashed mince may notyield
formed products with desirable texture. Food-grade binders
have been used to enhance the textural quality of several
restructured musclefood formulations. Ourwork indicated that
whey proteinisolate, sodiumalginate andwaxyrice starch can
serveas good binders. Restructuredfish products are normally
prepared by chopping surimiwithwhole fish muscle, saltand
binders. At the Department of Food Science, we have investi-
gatedthefeasibility of using eitherunwashedframe minceora
mixtureof unwashed minceand surimiasamajoringredientin
restructured catfish products. Several newformed catfish prod-
ucts, suchas nibblets, fingers, crackerand chips, have been
developedandarebeingtested.

Inthe summerof 1999, we conductedaconsumeraccep-
tancetestforournovel nibblet product. This productwas made
of minced meatand surimi, rice starch, salt, white pepper, garlic
powder, parsleyand sweet corn. Atotal of 123 consumers
participatedinthis study.Morethan 60 percentoftheresponses
indicated thatconsumers liked the product. About 83 percent
indicatedthatthe productwas acceptable,and 70 percentwould
buythe product. Ofthosewhowould buy, 76 percentwould be
willing to pay the same priceas asimilar product,and 7 percent
would bewilling to pay more.

Impactonthe catfishindustry
Asdemandforsurimicontinuestogrowandaglobal natural
fisherycatchdeclines, byproducts fromcatfishfilletingmayserve
asanalternativeforthesurimiproduction. Potential exists forthe
developmentofbothcatfishmince-basedand surimi-based prod-
ucts, which may, inturn, form potential new market niches that
will be beneficial tothe catfishindustry.

Witoon Prinyawiwatkul, Assistant Professor; Voranuch Suvanich,
Postdoctoral ResearchAssociate; andWanda J. Lyon, Assistant
Professor, allwiththe Department of Food Science, LSUAgricultural
Center, BatonRouge, La.



Pond Procdiction ofF CaEFsn3
Research Focuses on Improving Yields
C.R. “Chuck” Weirich

Athough many advances have been
made during the rapid growth of the
catfish industry, today’ s culture practices
are about the same as those devel oped
over 25 years ago. Also, most ponds
used to grow catfish are larger than 10
surface acres. The use of outdated or
unrefined culture practices coupled with
large pond culture systems undoubtedly
restrict potential fish yields. Commercial
yields range from a modest 3,000 to
6,000 pounds per acre per year.

The goal of the catfish production
research program at the Aquaculture
Research Station isto enhance al phases
of production by developing new or
refined culture practices.

Catfish productioncycle

includes three phases

The catfish production cycle
consists of three phases: hatchery,
nursery pond and growout. During the
hatchery phase, egg masses procured in
the spring are transported to a hatchery
where they are incubated. At hatching,
fry possess ayolk for four to five days
and are called “sac fry.” After yolk
absorption, fry are called “swim up fry”
because they swim to the surface in
search of food. Swim up fry are typicaly
held in the hatchery from two to 10 days
and fed afinely ground feed before they
are stocked into nursery ponds at rates
up to 200,000 fry per acre. Fish are fed
pelleted feeds and after 120 to 180 days
are harvested and stocked into food fish

between 10,000t020,000eggs.

production ponds at rates up to 10,000
fish per acre.

Food fish production ponds are
managed using single-crop or multiple-
crop systems. In single-crop systems,
fish are reared until reaching a market
size of 1 pound to 1.5 pounds, at which
time ponds are harvested, drained and
refilled, and restocked to begin another
production cycle. In multiple-crop
systems, ponds contain fish of varying
size classes. Market-size fish are
selectively harvested with annual

Figure 1.Mean percent hatch of channel catfish sac fry (left) and survival
of swimup fry at different salinity levels.
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restocking of fingerlings. Thus, multiple-
crop systems are constantly in produc-
tion and are rarely drained. The multi-
ple-crop system is the most common
production system used in Louisiana and
other catfish-producing states.

Fryandfingerling production

The following experiments have
been or are being conducted to develop
new and improved hatchery and nursery
pond protocols to enhance production of
fry and fingerlings.

Effect of salinity on production of
fry and fingerlings. Although almost all
catfish are produced in fresh water,
several Louisiana producers have access
to saline groundwater. Because little
information on the effect of salinity on
fry and fingerling production was
available, studies wereinitiated in 1995,
In the first study, egg masses were
hatched and fry were reared for 10 days
at salinitiesof 0, 1, 2 or 4 grams per liter.
Results indicated that percent hatch of
eggs and percent survival of fry were
enhanced at a salinity of 1 gram per liter
(Figure 1).

C. R. “Chuck” Weirich, Assistant Professor,
Aquaculture Research Station, LSU Agricultural
Center, Baton Rouge, La.
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Toharvestcatfish, aseineis drawnacross oneendofthe pondandthenpulledtotheother

endbytwotractors,oneoneachside. Thesamebasic procedureis usedtoharvestfish

commercially,onlyonalarger scale.

In the second study the effect of
salinity on production of fingerling
catfish was determined over two
growing seasons (1997 and 1998). In
each growth trial, fry were reared for
120 days at salinitiesof 0, 1, 2 or 4
grams per liter. Results reveal ed that
while salinity had no effect on feed
conversion and percent survival, weight
and total yield were improved when fish
were reared at a salinity of 1 gram per
liter.

Effect of age of fry at stocking on
finger ling production. Although most
producers feed swim up fry for two to 10
days before stocking into nursery ponds,

several hatcheriesin Louisiana have
begun to stock sac fry to reduce feed and
labor costs. To investigate this practice, a
study was initiated in 1998 in which fry
were stocked at two, seven or 14 days
after hatching and reared for 120 days.
Results indicated that there was no
difference in production characteristics
between age groups, suggesting that sac
fry can be stocked into nursery ponds
without reducing production. This study
is being repeated.

Effect of hatchery diet on fry
growth and fingerling production.
Although a considerable amount of work
has been done to develop and refine diets

Figure 2. Weight (left) andyield (right) of catfish fingerlings originally fed
different hatchery diets (CS=catfish starter; BSC=brine shrimp cysts) then
reared for 120 days. Values above bars are projected pounds/1,000 (left)

orpounds/acre(right).
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and feeding practices for production of
food fish, few nutritional studies have
examined the hatchery and nursery pond
phases of production. In 1997, two
hatchery growth trials were conducted
using four different hatchery diets:
catfish starter alone or catfish starter
supplemented with brine shrimp cysts at
25 percent, 50 percent and 75 percent of
the total diet. Results from both trials
indicated that weight of fry increased
with increased levels of brine shrimp
cysts. To investigate the effect of brine
shrimp cyst supplementation of hatchery
diets on fingerling production, fry from
the second hatchery growth trial were
reared for 120 days. Results revealed
that fingerlings reared from fry fed
hatchery diets supplemented with brine
shrimp cysts at 50 percent and 75
percent of the total diet were larger and
had a higher total yield than fish fed
other hatchery diets (Figure 2).

Enhancing production

The following experiments have
been or are being conducted to develop
new or improved culture practices to
enhance production of food fish.

Effect of salinity on production of
food fish in multiple-crop ponds. A
three-year study was begun in 1998 to
evaluate the effect of salinity on produc-
tion of food fish. Three salinity levelsare
being evaluated: 0, 1.5 and 3 grams per
liter. Fingerlings are stocked each winter
and food fish are harvested each spring
and fall. Data are maintained on produc-
tion characteristics and will be analyzed
at the study’ s conclusion. Results from
the two harvests conducted thus far show
that total yield of fish has been higher in
ponds containing low levels of salinity,
but differences at thistime are not
statistically significant.

In addition, a study is being con-
ducted to determine the effect of salinity
on selected blood parameters and health
status of fish. Another study will
evaluate the effect of salinity on phy-
toplankton, off-flavor compounds and
off-flavor status of fish.

Effect of temporarily sequestering
fingerlings on production of multiple
crop pond. Although most production
manuals recommend that fingerlings 6
inches or longer should be stocked for
growout, most producers have access to
fingerlings only 2 inchesto 4 inches
long. It seems reasonable to assume that
smaller fingerlings would not only take
longer to reach harvestable size, but also
may be more prone to competition and



. . . . ) Photos byJohnWozniak
cannibalism from larger fish in multiple

crop ponds.

One way to increase production in
multiple ponds stocked with small
fingerlings may be to sequester finger-
lings temporarily to alow additional
growth before release. In 1997, a study
was completed in which fingerlings were
stocked into ponds containing equal
numbers of larger fish. Ponds were open
or contained cages for sequestration.
Fingerlings were held for 120 days
before being released. At the end of the
growing season, ponds were harvested.
Resultsindicated that although survival
of fingerlings was not improved by
sequestration, weight of both sizes of
fish and total yield were higher for ponds
which had contained cages. To investi-
gate thistopic further, athree-year study 5 ’ e B o v : -
was initiated in 1998. W Smaller catfishescapethroughthe meshofthe seineuntilthey arelargeenoughtobe

harvested

o

Catfishareremovedfromtheseineandplacedinbasketsforweighingandcounting. Fromleftare DanAshe, researchassociate, Cliff
O'Neal, graduate student, and Wei-Bing Yan, researchassociate. Infrontis Charles “Chuck”Weirich, assistant professor atthe Aquaculture
ResearchStation.
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Potential for the Partitioned
Aquaculture System in Louisiana

Robert P.Romaire and Christian Balnath

-Ee most serious problems that face
catfish farmersinclude losses from birds
and diseases, off-flavor and the shortage
of labor to harvest fish. These problems
have been magnified in recent years as
fish farmers have increased stocking and
feeding rates to keep ahead of increasing
expenses and competition.

Control options for bird predators
are limited, especially for federally
protected migratory waterfowl, such as
the double-crested cormorant, herons
and egrets. Diseases such as enteric
septicemia catfish (ESC) and columnaris
not only can devastate profits but create
the need for additional costsin control
and prevention. Blue-green algae that
temporarily impart a musty, unaccept-
able flavor in fish flesh limit sales and
hinder cash flow. They cause the
additional cost of having to feed the fish
while holding them until off-flavor
problems subside.

A decade ago, aquacultural re-
searchers David Brune, John Collier and
Tom Schwedler at Clemson University
in South Carolina developed a new
concept to minimize problems with
birds, water quality and off-flavor,
disease and harvest. The unit was called
a Partitioned Aquaculture System (PAS).
The PAS integrated intensive culture of
fish in rectangular units, or raceways,
commonly used in mountain states to
grow cold-water fishes such as rainbow
trout. The system incorporated sanitary
engineering principles using a pond or
lagoon to reduce solids and soluble
wastes.

With financial support from the
Louisiana Catfish Promotion and
Research Board, Louisiana Agricultural
Experiment Station (LAES) scientists
constructed a 0.75-acre experimental
demonstration PAS unit at the Aquacul-

Robert P. Romaire, Resident Director and
Professor, and Christian Balnath, Research
Associate, Aquaculture Research Station, LSU
Agricultural Center, Baton Rouge, La.
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PAS Potential:

B Saveslaborcosts becauseacom-
puter monitors the system. Labor
shortageis oneofthe keyconstraints
inaquaculture production.

W Helps preventbird predation. Birds
cansignificantlycutintoaproducers’
profits. The netting ontop ofthe
raceways prevents this. [twould be
too costlytocoveraregularpond.

W Allowsforanefficientwaytofeedthe
fishandtomedicatethefishincaseof
disease, sincetheyareinaconfined
area.

W Allows forefficient harvesting be-
causeofconfinementtoasmaller
area.

B Allows forthe growing of different
sizesandagesoffishintheraceways.

B Helps preventoff-flavorinfish be-
causeitis easiertocontrolalgae
growth. The shallowwater-flow
areas,only 2 feetdeep, allowthe
goodalgaetogrowunhindered by
the “bad”algae thatthrive betterin
deeperwateruninhibitedbysunlight.
Also,oneofthe confinementareas
canbeusedforalgae-eatingfish.

ture Research Station to investigate the
economic feasibility of using PAS
technology in Louisiana.

PAS conceptand design

The system capacity of conventional
open catfish ponds is about 5,000
pounds per acre, requiring about 2
horsepower per acre of mechanical
aeration to support the 100 pounds or
more per acre of feed supplied to the
pond daily. Yields of catfish from open
ponds that exceed 5,000 pounds result
from multiple cropping and re-stocking
programs during the production season.
In contrast, PAS technology allows

production capacity to approach 20,000
pounds of per acre per year with feed
conversion ratios (weight of feed:weight
of fish produced) near 1.5:1 through
algal management and waste removal.

The PAS has four basic compo-
nents: the fish culture unit (raceway), the
settling sump, the paddlewheel mixer
and the open pond (Figure 1). The
raceway is separated from the open pond
to facilitate better management of fish
production and removal of solid and
soluble waste produced by the fish.
Water flow through the raceway and
open pond is maintained with alow head
paddiewheel mixer. A settling basin
(sump), located at the outlet of the
raceway(s), captures and concentrates
fish waste for removal from the system.
The water |eaving the raceway and sump
flows through the open pond, which
serves as awaste treatment unit to
remove soluble metabolic waste. The
recirculating PAS does not require
amounts of makeup water beyond the
normal volumes needed to meet evapora-
tion and seepage losses in conventional
ponds.

Fish Confinement System (Race-
way). Theraceways are gated, rectangu-
lar troughs, 4 feet deep, that can be
constructed from concrete, lumber and
fabric, or other materials, and the square
footage generally ranges from 2.5
percent to 4 percent of the open pond
area. Two parallel raceways are used, a
larger unit for the principal target species
(channel catfish) and a smaller raceway
reserved for aguatic organisms that
consume algae. Water quality entering
and leaving the raceway is monitored
continuously by oxygen, temperature
and pH sensors connected to a computer
that can control the rotational speed of
the paddlewheel mixer and operate
supplemental aerators.

Settling Sump. The sump, whichis
6 feet deep, accumulates solid waste
from the fish and other sources, such as
“dead” algae. The solids are removed
periodically by automatic or manual
vacuum to reduce oxygen demand,
thereby increasing fish carrying capacity.



Partitioned Aquaculture System (PAS)

Theopenpondisthewaste-
treatmentunitandis not
usedforfish culture. The -

averagedepthis 2 feet. \ S

Baffles placed length-
, wiseinthe pond keep
o = thewatercirculating.

] f> Theraceways holdthefish. Theyareabout

4 feetdeep. The partitions are cement
wallswithscreensateachendtocontain
fish. Two parallel raceways are used, a
larger unitforthe principaltarget species

] (channel catfish)and asmaller raceway
The confinementareatakes up 2.5 percentto4 reserved foraquaticorganismsthatcon.

percentofthe pond.Itis estimatedthat20,000 sumealgae.
pounds offish canbe harvestedfroma1-acre pond. ! d

connected tothe computersoaproducercan continuallymonitorall

Theshedhouses thecomputer.Sensors throughoutthe systemare
/ characteristics,includingoxygen, pHand temperature.

thewater. Itis connected tothe
computerand revolves atvarying

/ The paddlewheel mixercirculates
rates,dependingonneeds.

Nettingis placedontop
ofthe raceways sobirds
cannoteatthefish.

The sump, whichis 6 feetdeep,
accumulates solidwaste fromthe
fish and other sources, such as
“dead” algae. It is periodically
pumpedouttouseon pastures as

fertilizer.

lllustration by ElmaSue McCallum
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A3/4-acrePartitioned Aquaculture Systemwas built atthe Aquaculture ResearéhStation in1999.

>

RobertRomaireisinchargeofresearchontheuseofthistechnology.

Nitrogen and phosphorus recovered from
the waste are applied to pastures.

Paddlewheel Mixer. The
paddlewheel mixer isthe primary control
device. Designed to rotate at 1.5 revolu-
tions per minute (rpm) to 3 rpm, it
produces awater flow of 0.15 feet to 0.3
feet per second (fps) in the open pond. A
computer control system regulates water
velocity and reduces oxygen loss from
super-saturated levels by varying the
rotational speed of the mixer from
information provided by the oxygen
sensors in the raceways.

Open Pond. The open pond isthe
waste-treatment unit and is not used for
fish culture. The shallow (1.5 feet to 2.5
feet) pond is subdivided into channels by
internal baffles. This allows for uniform
mixing of the water, optimum penetra-
tion of sunlight and maximal algal
growth. Algae in the open pond removes
toxic ammonia from the water and
optimizes dissolved oxygen production.
Algal blooms followed by algal die-offs
are minimized, thus stabilizing system
water quality.

Filter-Feeding Fishes. At fish
production levels exceeding 9,000
pounds per acre, filter-feeding fish, such
astilapia, shad or silver carp, and
freshwater mussels, must be included in
the PAS to consume microscopic algae.
Algal consumption by afilter-feeding
fish reduces algal biomass and maintains
high rates of algal growth, thus improv-
ing water quality (oxygenation and
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ammonia reduction), reducing potential
for off-flavor and recapturing some of
the nitrogen and phosphorus excreted by
the catfish into the flesh of the filter-
feeding species. To optimize harvest of
algae, filter-feeding fish are contained in
the smaller parallel raceway. Biomass of
the filter-feeding fish is maintained at 20
percent to 25 percent of the target
species biomass, at season’s end, to
achieve effective algal control. A 300
percent to 600 percent increase in water
treatment capacity over conventional
methods can be achieved as aresult of
increased algal growth combined with
algal harvest by filter-feeders and water
mixing, thus increasing fish production
capacity over that of conventional ponds.

Advantages,disadvantages
PAS technology incorporates the
best features of earthen ponds, the least
expensive form of aquaculture produc-
tion technology, while simultaneously
reducing many of the problems of
typical pond systems. Because the fish
areintensively cultured in araceway of
small area (normally 4.5 percent or less
of the total pond system area), the
raceway can be covered cost-effectively
to protect the fish from bird predation. In
addition, therapeutic drugs and chemi-
calsfor disease treatment can be admin-
istered at reduced cost because of less
water volume to treat. The inclusion of a
filter-feeding fish or other aquatic
organism reduces the potential for off-

flavor by removal of odorous
species of blue-green algae. Fish
size can be managed by grading,
and less labor is needed for
harvesting fish than is required for
conventional ponds. The system
also resultsin lower costs for
utilities and chemical use. Pond
water is continuously re-used and
purified, thereby conserving water
resources and reducing the effects
of water discharge on receiving
waterways. Additionally, the PAS
can be used to cultivate any
aguatic species amenable to high
density culture in a confined
raceway, such as channel catfish,
blue catfish, blue catfish and
channel catfish hybrids, hybrid
striped bass, ornamental carp, red
drum, hybrid bluegill and marine
shrimp. Because highly intensive
fish culture systems such as the
PAS tend to push environmental
production capacity, the danger of
catastrophic failure exists.
Disadvantages include the potential for
greater incidence for disease because of
fish density. Mechanical failure of the
paddlewheel mixer or failure of supple-
mental aeratorsto activate during critical
periods, such as power outages, could
cause massive fish loss from oxygen
depletion. One of the best filter-feeding
fishes now available for algal control,
Tilapia nilotica, is not permitted for
outdoor culture in Louisiana. In addition,
detailed economic data on capital
construction costs and cost and returns
are not known.

Scientists at the Aquaculture
Research Station are working coopera-
tively with acommercial catfish pro-
ducer in north Louisiana to evaluate the
biological and economic feasibility of
a 2-acre PAS built for evaluation of
catfish fingerling production. The
computer-assisted water quality
monitoring and control system was
developed and installed by Aquacul-
ture Research Station researchersin
cooperation with Kiel University,
Germany.

Time will tell if the PAS will
revolutionize the way channel catfish
or other commercially important
species are cultivated. But aguaculture
researchersin the LAES will work
closely with Louisiana s aquaculture
producers to make the PAS a commer-
cially viable option to consider for
future economic development.



Priceandyield risk in catfish aquaculture

Many ofthe problems in the catfish
industry are exacerbated by the uncer-
tainty producersfacewhen planningtheir
operations. The sources of risk are nu-
merous, ranging fromweatherfluctua-
tions and bird predation to regulatory
policy. Ifignored, each source of risk can
adverselyaffect profitability.Because pro-
ducers havelittleopportunitytoinfluence
outputandinput prices, theirability to
managerisk is often severely tested. To
incorporaterisk intotheirdecision-mak-
ingprocess,farmers needinformation. But
sincetheirindustryis relatively new, there
is littleinformationabout risk. This study
examined the impactof priceandyield
variabilityonthe profitvariability of catfish
production.

Twotypesofdatawere needed:yields
(pounds of catfish produced peracre)and
prices (forfeed and marketable catfish).
Catfishyields have notbeen systematically
measured, and some of the information
neededtocalculateyield has onlyrecently
been collected. Asanalternative, this study
incorporatedsimulatedyielddatavalidated
usingexpertestimatesoftypicalfarmyields.
Weatherwas selected as the force behind
simulatedyieldvariabilitybecause channel
catfishfeedingvaries significantlywithtem-
peratureand ceaseswhenwatertempera-
turedrops too low.

Yielddistributions were simulatedfor
threedifferentfarmsizesandtwodifferent
culturesystems. Farmswere categorized
bysizeintosmall(1 60totalacres), medium
(320totalacres)andlarge (640totalacres).
Channel catfishare usually cultured as
food fish by one of two methods: the
multiple-batch system,wheremultiple-size
fishareculturedwithinthe samepond,and
thesingle-batch system.Simulations gen-
erated information ontotal production,
averageannualyields andtheamountof
feedrequiredforeach simulatedyield.

Prices paid toU.S. catfish producers
forthe 1970-1997 periodwere obtained
fromthe National Agricultural Statistics
Service. Annual catfish feed prices were
obtainedfromsecondarysourcesforthe
1977-1998 period (MississippiCoopera-
tive Extension Service FactSheet).

Resulting netreturnsdistributionsin-
dicatedthatthe mostrisk efficient produc-
tion systemfor catfishis eithersingle or
multiple batches onlarge farms. Single-
batch productionsystemonsmallfarms,a

commonoperational scenarioformargin-
allyviable producers, was the mostineffi-
cienttechnology/size combination. These
results confirm the anecdotal evidence
thatsophisticated farmers choosetowork
with the multiple-batch production sys-
temsinordertohaveasteadycashflow
throughtheyearandavoidlosses caused
byunpredictablecircumstances.
Therelationship betweenfarmsize
andriskefficiencymaybecomeevenmore
importantinthefutureiftheaquaculture
industry encourages the private sector

EXAMPLE BUDGET

developmentofrevenueinsurance con-
tracts for producers. If accurate yield,
priceand netreturndistribution infor-
mationis available, then privateinsurers
can, inprinciple, create therisk-adjusted
premiumanddeductible schedules nec-
essaryfortheestablishmentofa private
insurance market. B

PatriciaSoto, Graduate ResearchAssistant,
andRichardF.Kazmierczak Jr.,Associate
Professor, Departmentof Agricultural
Economics andAgribusiness, LSUAgricultural
Center, BatonRouge, La.

Farm Size (Total Acres)

160acre 320acre 640acre
INCOME
Catfishyield 700,000 1,420,000 2,845,000
Catfish price (cents/Ib.) 77 77 77
Income 539,000 1,093,400 2,190,650
Income per water acre 3,850 3,850 3,850
OPERATING COSTS
Fixed operating costs
Repairs and maintenance 12,000 20,000 36,000
Pond renovation 7200 13,000 23,000
Allfuel (electricity, diesel, gas &oil) 18698 37995 76,000
Chemicals 485 985 2,000
Telephone 2,000 2,500 3,100
Water quality 0 450 2,000
Fingerlings 42000 85,200 136,560
Labor 36,660 85,000 182,963
Management 21,000 35,000 60,000
Harvesting/hauling 28,000 56,800 85,350
Accounting/legal 1,800 2400 3,500
Bird scaringammunition 1,000 2,000 4000
Subtotal fixed operating costs 170,843 341,330 614473
Interest on fixed operating costs 14,095 28160 506%4
Total fixed operating costs 184938 369490 665,167
Variable operating costs
Feed (ton) 770 1562 3129
Price of feed/ton 280 280 280
Subtotal var. operating costs 215600 437360 876,120
Interest on feed 17787 36,082 72280
Total variable operating costs 233,387 473,442 948400
TOTAL OPERATING COSTS 418325 842932 1,613,567
COSTS PER WATER ACRE 2,988 2,968 23836
FIXED OWNERSHIP COSTS
Depreciation
Ponds 13,608 26,046 52,155
Water supply 5,000 10000 20,000
Office building 200 1450 2250
Feed storage 520 1,040 1,300
Equipment 32,533 60517 119012
Interestoninvestment
Land 17930 35,530 70,730
Pond construction 7485 14,325 28685
Water supply 2,750 5,500 11,000
Equipment 12,575 22,743 44084
Taxes and insurance 2,000 4000 6,000
TOTAL OWNERSHIP COSTS 95,301 181,151 355216
COSTS PER WATER ACRE 68l 638 624
TOTAL COSTS PER WATER ACRE 3669 3606 3460
NET RETURNS PER WATER ACRE 181 244 390

37

Louisiana Agriculture, Fall 1999



Sustainability in Aquaculture

Rex H.Caffey and Richard F.Kazmierczak Jr.

SJstai nability, a concept much
discussed in the aguaculture industry,
has become associated with the idea that
production systems must be designed
and sited with consideration of not only
their economic viability, but also their
long-term environmental and sociologi-
cal impact. While the concept of
sustai nable aquaculture has some vocal
critics, the industry has been promoting
sustainable production as away of
integrating the expertise of producers,
researchers, regulators and other interest
groups into a process that will advance
aquaculture’ s technological and eco-
nomic development. Y et, while the need
for sustainability iswidely acknowl-
edged, real debate remains over the
proper definition and implementation of
sustai nable aquaculture systems. This
continuing debate is largely because
sustainability is an interdisciplinary
concept that draws on basic and socio-
logical science models, some of which
conflict. As aresult, the development of
sustainable aquacultureis not only a
technical challenge, but also a political
and perceptional challenge.

Survey approach

A collaborative study between
the Aquaculture Research Station and
the Department of Agricultural
Economics and Agribusiness was
initiated to determine whether diverse
aquaculture interests groups could
collectively develop and agree on
economic, environmental and social
indicators of aquaculture sustain-
ability. Once identified and weighted,
these indicators were to form the
basis of anumerical index that could
be used to evaluate the relative
sustainability of aguaculture produc-
tion systems in the southeastern
United States. The ultimate validity of
the index as an evaluation tool hinged

Rex H. Caffey, Assistant Specialist, Wetlands
and Coastal Resources, and Richard F.
Kazmierczak Jr., Associate Professor,
Department of Agricultural Economics and
Agribusiness, LSU Agricultural Center,
Baton Rouge, La.
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on whether a consensus could be
developed among a wide variety of
participants in the aquaculture industry.
A type of panel procedure, known asa
Delphi survey process, was used in the
study.

Delphi surveys are away to develop
and measure the degree of consensus
among experts. A Delphi survey is
considered superior to asimple expert
survey or focus group because it
involves a series of questionnaires (in
this case, three rounds) administered to
individuals in a manner that protects the
anonymity of their responses and thus
their ability to freely express opinions.
Feedback to the respondents between
survey rounds also allows participants to
reevaluate their responses based on new
information provided by the expert
group as a whole without knowing what
specific individuals have said. Both the
anonymity and feedback features of
Delphi surveys have been shown to lead
to the unbiased convergence of expert
opinion, even among groups that initially
hold widely disparate views. For this
reason, Delphi surveys, which were
originally used in cold-war strategic
defense studies, have become widely

used in marketing, management and
technological evaluation studies.

The experts surveyed in this study
came from four different groups that
have had direct involvement in the
aquaculture sustainability debate: 1)
aquaculture producers, 2) aquaculture
researchers and extension agents, 3)
aquaculture-related regulatory authorities
and 4) non-governmental organizations
(NGO). The states involved were Texas,
Oklahoma, Arkansas, Louisiana,
Mississippi, Tennessee, Kentucky,
Alabama, Georgia, Florida, South
Carolina, North Carolinaand Virginia.
Of the 163 experts who initially agreed
to participate, 121 replied to the first
guestionnaire for aresponse rate of 75
percent. By the third round of the survey,
the retention rate had increased to 94
percent, with 104 of the original panel
participating. These response rates were
higher than originally anticipated,
making this Delphi survey one of the
largest non-defense studies ever done.

Weighting sustainability
As part of each survey round,
participants were asked to score the
relative importance of the three main
facets of

Figure 1.Mean preference distribution of
environmental (X), economic (Y)and

forrounds1-3 of the Delphisurvey.
Thecircle size denotes therelative coefficient of
variation. The smaller the circle,the greater the

consensus.
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0.15 1

Mean Category Weight (%)

sustainability. This
information was
needed not only to
get participants to
think about the
potential tradeoffs
inherent in the
sustainability
concept, but also for
weighting the
indicators that would
ultimately comprise
the sustainability
index. Figure 1
shows the revealed
weightings across
the three survey
rounds. In the first
round of the survey,
participants believed
that economic
considerations
should make up 44

0.00 -
Round 1

Round 2 Round 3

percent of the
sustainability index,




followed by 36 percent for environmen-
tal and 20 percent for socia consider-
ations. By the third survey round,
participants had increased their
weightings for economic considerations
5 percent while decreasing their
weightings for environmental and social
consideration by 2 percent and 3 percent,
respectively.

More important, changing coeffi-
cients of variation (CV) across the three
survey rounds suggest that the economic
and environmental categories developed
greater consensus on their relative
importance than did the sociological
category. These results were consistent
with anecdotal evidence, frequently
expressed by the survey participants, that
aquaculture sustainability should be
defined primarily by economic and
environmental concerns, with social
considerations given subordinate or
irrelevant status. However, many NGO
participants continued to hold the view
that social variables should be an
important part of the sustainability
criteria even while recognizing the
important role of economic and environ-
mental variables.

Block Design, Kendall’ s Coefficient of
Concordance and a Distance Metric
approach. Results of the nonparametric
analyses indicated definite rank correla-
tion patterns, rank convergence and rank
consensus in the Delphi survey data.

MIDAS model

Having achieved arelatively strong
consensus on sustainability categories
and indicators, a method of integrating
thisinformation into a preliminary index

of aguaculture sustainability was needed.

A multi-criteria analysis framework
provided the basis for thisindex devel-
opment. The 31 indicators were com-
bined within three linear sub-indices:
environmental, economic and sociologi-
cal. The contribution (weight) of each
indicator was included along with a
method for scoring the indicator for a
given production system. The scoring
system was developed in away that
allowed any indicator to add or subtract
from the index the full amount of its
revealed weight, depending on its score
relative to statute, rule or common

practice standards. The final model form
was termed Multicriteria Indicators of
Delphi-Assessed Sustainability
(MIDAS). The MIDAS index used 3-
dimensional vector calculations to
generate an index score representing the
separate environmental, economic and
sociological objectives of aquaculture
sustainability.

MIDAS has a number of potential
applications. If adequate secondary data
are available, they can be used to
evaluate the production-level sustain-
ability of aguaculture under various
input scenarios. In addition, they can be
used to analyze the trade-offs that often
occur when attempting sustainable
aquaculture developments. Such
evaluations have been completed and are
being refined for warmwater species
such as channel catfish and red swamp
crawfish. Last, the MIDAS model could
be used to clarify the critical economic,
environmental or social issues that need
further research efforts as the industry
continues to move toward sustainable
modes of production. l

Specificindicators

Items submitted in round
1 as potential measures of
aquaculture sustainability
were condensed to avoid
duplication into 31 core
indicators: 12 environmental,
10 economic and 9 social.
The degree of agreement on
individua indicators varied
considerably, with the highest
consensus typically accompa-
nying those indicators with
the highest revealed weight-
ing. For example, “water
usage’ and “profit” had the
highest mean weights and
lowest CV levels, while
indicators like “ use of non-
native species’ received low
mean weightings with the
highest CV levels.

The average coefficient
of variation fell from 63
percent to 24 percent between
rounds 2 and 3, providing an
indication that the Delphi
survey was successful in
creating a significant degree
of consensus. Thisindication
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Ornamentalpondsandwatergardensare

Ornamental ponds and water gardens
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becomingincreasingly popular . Itisestimatedth
thereareabout40newones per week inthevicinity of BatonRouge alone. This phenomenon

was further confirmed by
nonparametric statistical
analyses of the data using
Friedman’ s Randomized

offersentrepreneurialopportunitiesfor thoseinterestedinaquaculture. Thesepondsneedtobe
designedand stocked. Preferablevarieties of fishinclude goldfishandkoi. Thesepondsalsomust
bemaintained.
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Fromtheairitiseasytospotthe Aquaculture ResearchStationwithits 1 46earthenponds. Thelargestinthe upperrightis 17 acres, and
thesmallestareO. 1 acre.Atthe bottomleftarethecrawfishresearchponds. Theyaregreennowbecausericeisgrowinginthem. Above
theminthe centeristhe Partitioned Aquaculture System(PAS)pondwithits stripes createdby the baffles thatrunthroughit. Theoffice
andlaboratory buildingis ontheright. Beyondthe ponds andtowardthe horizonis the Ben Hur ResearchFarm, also partofthe Louisiana

AgriculturalExperimentStation.
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