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FOREWORD

This Task Force (TF) report was prepared by a joint
Task Foree of Southern Region fisheries scientists from State
Agricultural Experiment Siations, the Cooperative State Re-
search  Serviee  (USDA), the Fish and Wildlife  Service
(USDI), the Nuional Marine EFisheries Serviee (USDC),
the Tennessee Valley Aathority (TVA), the Kerr Foundation,
and representatives of the producers and users of aquatic
food animals or their products, especially representatives of
Catfish Farmers of America and U.S. Trout Farmers Associa-
tion. It is part of a Larger and continuons effort of State
Agricultural Experiment Stations  (SAES) and the United
States Department of Agriculture (USDA) to assure coordi-
nation of research studies, minimize duplication, and develop
research priorities designed to achieve specific and defined
goals. The goal of the Aquatic Food Animal Task Force
has been defined as follows: “To asswre an increasing sup-
ply of fishery products produced through aquaculture (o
meet growing world food demands in the face of leveling or
decliving supplies of fish from natural sources. This goal
will be achieved through cooperative government, industry,
an L mniversity eflorts to provide critical research and services
iformation and to assist and encowrage public and private
groups engaged i aguaculture.” _

In 1966, a National Program of Research for Agriculture,
commonly called the Long-range Study, was conducted by
representatives of USDA und SAES. As a followup to this,
32 national task forces were appointed to study problem
arcas and rescarch needs related to their respective topices,
Aquatic food animals were not considered in these national
task forces. In the Long-Range Study, fish and  wildlife
species were considered as o natural resource and the cul-
ture of aquatic species for the purpose of producing food
as a commodity was not considered. At the time, the Nu-
tional Svstem of Classification of Agricultural Research was
heing developed, the Southern Association of  Agricultural
Axperiment Station Directors officially petitioned that cul-
tured aquatic food animals be classified equally with other
animal commodities so that research efforts could be classi-
fied according to problem areas in the same manner as
heef, dairy, swine, and poultrv. This was not aceepted,
therefore, the “Manual of Classification of Agriculture and
Forestrv,” which serves as a guide for CRIS (Current Re-
search Tnformation Svstem), has research on aguatic food
animals classified under Research Problem Area (RPA) Y0,
This RPA covers all wildlife inclnding fish from the view-
point of natural resources, In fact, the system excludes con-
sideration of aquatic food unimals wuder most Research
Problem Areas that are concerned with problems of culture
or hushandry of animals.

In order to identify rescarch needs of aquatic food animals
by problem areas, commodity exclusions called for in re-
gard to fish in the Manual of Classification of Agricultural
and Forestry Research was disregarded in this task force
effort for research problem 4.07. This task fores strongly
recommends an official reclassification so that aquatic food
animals can be treated as a commodity in CRIS. The cenl-
ture of aquatic food animals faces the same range of preblems
as is faced by other animal commadities,

When the Southern Regional Agricultural Research Plan-
ning Committee designated  Administrative Representatives
for Southern Regional Task Forces, a USDA co-chairnin
for Aquatic Food Animals was not named. The SAES Ad-
ministrative representative visited with the Administrator of
ARS and the Administrator of ERS, and urged them to desig-
nate a USDA co-administrative representative. They both in-

dicated that at present they did not have sufficient research in-
put in aquatic tood animal problems to justify taking s leader-
ship role in a task force effart, Tn consultation with the Admin-
istrator of CSRS, the SAES Adniinistrative Representative
contacted USDI and USDC vesearch administrators and es-
tended an invitation to hoth of them to name co-administra-
tive representatives, Thev aceepted the mvitation and cach
designated  an appropriate administrative  representative,
These three administrative representatives defined the hove
goal and after considering the varions species and svstems ol
aguaculture production, elected to restriet the scope ol this
task force to research and serviee problems associuted with
freshwater culture of tront, catflish, carp buflalo, others, wnd
freshwater crawfish in the Southern Region. The “other”
category wonld generally consist of. bhut not be limited  to,
species such as tilapia, white wnnresd silver cop. Althongl
the culture of freshwater crawfish s somewhat  ditferent
from those of finfish. it is included in this tush foree repoct

Solutions to some of the problenis facing aguaenlturists
cannot be found through research alone. I these areas,
the task force concluded thit services mst be provided
throngh government efforts in order to achieve the overall
goal in hehall of the public. Such serviees progrns e
quired in aguaculture include: statistical services, estension
and advizory services, and consmuer edacational and -
keting services. The service needed in these areas, and
projected programs to meet these needs, are deseribed i
the body of this report.

Six writing committees were identified and provided with
guidelines for completing their assignment. They were in-
structed to solicit help fron other scientists o to - identily
individuals with experience in production, processing, or
marketing of these species of aguatic food animals, so they
could serve as "user” reviewers in the final review amd as-
signment of prioritics,

These six committees ol the Aquatic Food Auimal "Fask
Force were as follows:

Fish and Parasites and Diseases (BPA 2100 211 ad 212y
Chairman, John Pliinb, AES, Auburn, Alabani and Glenn
Hoflman, USDI Fish Fanming Fxperiment Station,  stutt
gart. Arkansas.

Pollutants and Toxins (RPA 213, 701, and 901k Chair-
man, Blike Grant, USDI Sontheastern Fish Cultural Tabo-
ratory, Marion, Alabama, and Chinde Bovd, AES. Avbur,
Alabaunn,

Production and Management (RPA 310, 3110 312, 3135,
and 3170 Chairman, Harey Dupree. USDIL Stattgart. Avkan-
sasy James Wo Andeews, ALS, Skidaway, Georgin: Roland
Reagan, AES, UsDL Stete College, Mississippic: R Oneal
Smitherman, AES, Aubirn, Alabam: and Don Greenland,
USDIL Stuttgart, Arkansas,

Product Development and Qualite «RPA 409, 4100 411
120 702, and 703; Chairman, G R Auonerman,  AES,
State College, Mississippt: Tomn Lovelll AFES, Aubum, Al
bana and Melvin Waters, USDCL Paseagoula, Mississippi.

Marketing Rescarch and Eeononsies (RPA 506, 507, 308,
and 31D Chairman, Charles A, Oravetz, USDC, Little Reck,
Arkansas: Harold B. Allen, USDC, St Petershurg, Floridag
Johr E. Greenfield, USDCL St Petersharg, Florida: Edward
W MeCov, AES. Auburne Alabamaz [0 Ko Rosselll FRS,
USDA, Criffin, Georgia: E. Fvans Brown, AES. Athens,
Georgia: and John E. Waldrop, AES. Stwte College, Mis-
sissippi.

Acaenltural Services: Chadrman, Harold Allen, National
Marine Fisheries Service, USDCL S Petershurg, Florida,
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Crawfish (RPA All): Chaimnan, James W. Avault, AES,
Baton Rouge, Louisiana,

Administrative Representatives: R, Dennis Rouse, State
Agricultural Experiment Stations, Southern Region; Harold
B. Allen, National Marine Fisheries Service, USDC; Harry
K. Dupree, Fish and Wildlife Service, USDI.

Cooperative State Research Service, USDA: Earl J. Split-
ter,

User-Reviewer Committee

Henry Anthony, Chairman, Alice-Sidney Farms, Star Route
2, Luke Village, Arkansas, 71653; Porter Briggs, Executive
Seceretury, Catfish Farmers of America, Tower Building, Little
Rock, Arkansas; Jumes Coleman, Route 4, Yazoo City, Mis-
sissippi. 391945 Joe Glover, Farm Fresh Catfish, P.O. Box
188, Greenshoro, Ala., 36744; Sum Hinote, ConAgra Fish

Products, P.O. Box 9367, Jackson, Mississippi, 39206; Stan
Hudson, Ozark Fisheries, Stoutland, Missouri, 65567; Tom
Reed, Delta Corporation, P.O, Box 419, Belzoni, Mississippi,
39038; Dr. Paul Smith, Farm Fish Compaay, Route 1, Box
108A, Louise, Mississippi, 39707,

This is an initial effoit of the Southern Regional Task
Force on Aquatic Food Animals.  Subsequent evaluations
will be a basis for updating this report. Reviewers are en-
cour;lgcd to direct comments and suggcsti(ms to the most
appropriate member of the Task Force or to the appropriate
Administrative Representative,

Since this is an initial working document and it is expected
to be updated, only a limited number of copies were printed.
However, while they lust, copies may be obtained from the
Department of Rescarch Information, Agricultural Experi-
ment Station, Auburn University, Auburn, Alabama,

SUMMARY

Sovrueny Reseascit PLANNING Prociaxt—RESEARCH PROBLEM
Anea 407 Fuesuwaten Foonristt axn Crawrisi

Priori- SMY

ties' T 2 Rew amded
Sll()rt / 1974 .__E.“l'.’m_tﬂfff_
Long  Base 1975 1980

FRESHWATER FOODFISH RESEARCH
Fish discases and parasites
210 Control of external

RPA Problen. Title

parisites of fishes 1/2 1.60 2.00 3.00
211 Control of microbial
discases of fishes . 2/1 05.25 3.00 3.0
212 Control of internal
parasites of fishes S2/2 050 .50 1.50
Subtotal .. . 7.35 5.50 7.50

Pollutants and toxins
213 Protection of cultured

agaitic animals 1/2 1.50 1.80 1.30
701 Clearance of chemicals
for aquaculture 1/1 0.20 2,55 3.50
901 Water quality
managerent 2/ 360 3.60 7.50
Subtotal o 5.10 7.95 12,30

Production and management
310 Reproductive

performance 4/4 1.60 1.60 3.00
311 Improvement of
hiological efficiency 1/1 11.10 14.90 20,00

312 Environmental stress

in production . 1/3 217 3.00 3.00
313 Production
management systems 3/3 5.25 0.00 400
J17  Mechanization and
structures 2/3 200 0.00 2.00
Subtotal . 22.12 19.50  32.00

Product development and quality maintenance

409 Production of fishery

products with im-

proved aceeptability
410 New and improved

fishery food products /1 1.55 1.00 3.50
411 New and improved

non-food fishery

products . 2/3 0.70 0.70 1.50
412 Quality maintenance

in marketing fishery

products . 2/4 400 1.00 2.20
702 Protect food and foed

supplies from harmful

organisms and toxins 1/1 0.80 0.80 1.50
703 FFood choices, habits

and consumption . 1/1 0.00 1.00 2,00

Subtotal ... 5.00 5.45 13.20

1/1 0.95 0.95 2.50

Market rescarch and economies
506 Supply, demand, and
price analysis of
ammal products
Demand elasticity for
aquatic food animals
in selective markets . 1/1 0.00 0.00 1.50
Economic analysis of
aquacultural produc-
tion and processing
507  Competitive interrela-

2/2 1.28 1.28 1.50

tionships in agriculture  3/3 0.03 0.50) 50
508 Developmenic of
domestic markets for
aquaculture products 1/1 1.30 2.00 £.00
311 Improvement in aqua-
cultural statistics .. /1 030 030 200
Subtotal . . a0l 4.08 4950
Freshwater Food
Fish Totals .. . .. 42,48 42,48 7450
Increase . . . 32,02

AQUACULTURAIL, SERVICES
Marketing services for
aquatic food animals 1/1 0.85 0.85 2.00
Statistical reporting
services for aquatic
food animals 272 2.00 2.00 2,00
Information and tech-
nical assistance to

food fish producers /1 400 400 600
Service Totals G.85 6G.85 10.00
Increase . 315

CRAWFISH

Production and management
311 Improvement of

biological efficiency i/l .25 0.25 3.00
313 Production manage-

ment systems 272 0.00 0.00 0.50
317 Mechanization and

structures 1/1 0.00 0.00 0.50

Product development and guality maintennnce
409 Production of products
with improved
aceeptability RYR 0.00 0.00 0.25
Marketing research and cconomics
506 Supply, demand and

price amalysis 1/1 C000 000 100
Total . ) 0.25 0.25 5.25
Increase 500

- Priorities are shown as short form/long form and are expressed
on a scale of 1 to 4, with 1 as the highest priority: short term—
oroblems needing immediate effort; Tongterm—problem  needing
ong term effort or problems whose solution is less urgent to the
industry, but will require effort in the nest 5-10 years.
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FRESHWATER FOODEFISH

and crawfish

Research Needs in the Southern Region
Aquatic Food Animal Task Force
Report 4.07

GENERAL INTRODUCTION

Present world production of aquatic food organisms, plants,
and animals are estimated to be in excess of 5,000,000 metric
tons, about twice the United States landings of fisheries
products, (NOAA), Present warld production of fish through
aquaculture is double that of five vears ago and the FAO
has estimated that a 500 pereent increase over present
levels can be achieved by 1985, There are indications that
the United States will lave to become more and more
dependent on aguaculture as a source of fish. The climate
and topography of the Southern Region suggests that many
acres would be suited to aquaculture production.  All indi-
cations are that with a greater research base to reduce un-
certainty  and increase  cfficiencey, freshwater  aquaculture
production in the Southern Region will become a major

supplier of fish. A production exceeding one billion pounds
of fish food products ol the species covered by this report
can be easily supported. 11 this were achieved, the present
production of less than 100 million ponnds would have
heen increased more than ten-fold. This could be achieved
by better utilization of available water in land and water
areas that are presently prodactive only as o habitat for
wildlife,

This tremendous potential Tor animal protein production,
for emplovment of people, and for hetter Tand and resource
atilization justifies the effort of this task force inidentifving
and assigning priority to needed rescarch. With such an
opportunity, every effort must be made to bring w0 maxinunm
rescarch cffort to bear on aguaculture, This task foree is
dedicated to this purpose!

FISH DISEASES AND PARASITES

Introduction

Diseases of fish reared for human consumption are not
greatly unlike those of conventional livestock. Cultured fish
are affected by viral, bacterial, ecto- and endoparasitic or-
ganisms, many of which may be devastating to fish crops.

Viral diseases affect young fish and under certain condi-
tions mav kill up to 100 percent of the infected stock.
There is no chemotherapy for viral discases; the only control
is through avoidance of exposure of non-infected susceptible
fish to virus infected pupuluti(ms, prevention I)_\' using virus-
free adult fish as egg sources, and proper management to
reduce stress conditions,

Bacterial diseases may be specific to certain fish tamilies
or they may be nonspecific. Some pathogenic bacteria are
obligate pathogens while others are normally free-living in
the water. Poor environmental conditions are often pre-
cursors of microbial disease outbreaks; low oxvgen, adverse
temperatures, crowded conditions, accumulation of metabo-

lites and organic matter in the water, pH. and hardness are
thought to be some predisposing factors which affeet disease
susceptibility,  Studies whicl, correlate these environmental
anomalies with certain diseases way lead o means of pre-
dicting outbreaks which would allow preventive measures
prior to epizootic conditions,

Ectoparasites flourish in some waters, and it unchecked
mav kill & Lurge percentage of the fish stock, Some of these
parasites are host specific and others are ot Saeh parasites
get into fish enlture sy stems via contaminated water supplies,
transfer of asymptonnatic infected fish, or non-fish vectors,

Some internal parasites are devastating to fish stocks while
others cause moderate debilitation. Some are ansightly,
resulting in the fish being rejected by the consumer,

Chemotherapeutics and drugs are available for many
bacterial and parasitic diseases, bhut some of these materials
have marginal efficacy or ave not approved by regulatory
agencies for use on food fish, Improved methods of disease
therapy would increase prodietion on nany fish fuarms.



Title: Control of exterwal parasites of fishes,

Priorities: Short term 13 Long tern 2,

Objectives: To develop more economical and effective ther-
apentics forexternal parasites and work  towards approval
ol these compounds by government: regulatory agencies: to
elucidate the epizootiology and environmental requirements
ol cetoparasites: o improve diagnostic procedures for sub-
clivical infestations, purticalarly Tehthyophthivins.

Situation Evaluation: There are many external protozoan
and helminthe parasites that canse diseases o fish, Most of
hese organisms are ubiguitous and only under certain con-
Jitions canse fish losses, The protozoun, Teldhyophthiving is
prabubly responsible for the greatest Toss wnd s the most
difficalt to control,

Intensive calture of food fishes often provides an environ-
ment where external fish parasites may Hourish, resulting in
high praduction Tosses,  In some cases disease organisms
are inteaduced throngh the water supply or by intermediante
veetors, but in other cases p;u‘al.\;il('s are introduced on the
stoched fish, When fish are transferved from farm to farm.
parasites may be transferred undetected on asymptomatic
fish. My diseases of fish cannot be completely eradicated
and detection of subclinical intestations or a cirrier state s
diffienlt.  Althongh broad  spectrum therapeuties are cur-
rently used, none gives 100 pereent contral. More economi-
el and efficacions control measures and reliahile diagnostic
procedures are necessiry, The Tack of knowledge of  the
epizootiology and environmental requirements of some ecto-
parasites complicates their control, Development of thera-
prutic resistinee by some ectoparasites has not been iny esti-
g:ll('(l.

Research Approaches:  Beiter diagnostic procedures are
needed in some cases where partiallv fmone carrier fish
acenry it s Tikely that zenodiagrostic (test fishy and - im-
nunwologic procedures can he developed. Althongh there
are eftfective ("I('Ill()llll‘l';ll)l‘llli(‘\' available Jor some external
parasitic diseases, their nse on food fish is negated by gove
crnmental restrictions, Much work is needed to clear the
use of these chemicals throngh EPAL FDA and USDA. More
efticacions and economical therapenties are needed and a
sereening program tor efticacy and practicality: should be
developed Tor chemicals and svstemic drngs. New and old
chemotherapentic methods should be tested in water re-use
cnlture svstems. Some attention should he given to research
o the development of vesistant fish stocks throngh hvhidiza-
tion and sclective ln'w(ling.

Priovity: Development ol more elficacions and cconomical
therapenties is ueeded for control of external patrasite in-
festations, The presently used therapentios s new com-
potnds ast e approved by the Food and Drug Admin-
istration for use on aquatic food animals, The relationship
ol environmental conditions onexternad parasitically induced
epizooties is ol prinary concern. Tmproved  diagnostic pro-
cedures for subclinical infestations are also important,

SMY Distribution

1974 1975 1975 1950
Buse No Inerease 10G Increase In':'m_t_unu'mlt'(l

RrA

210 1.60 2.00 2.50 3.00

Title: Control of microbial discases of fishes,

Priorities:  Short term 2; Long term 1L

Objectives: To evalnate the effeets of “stress™ and phvsio-
logical conditions o viral and bacterial disease susceptibility ;
to develop teclmigues for identilving pathogen carrier fish
in asvmptomatic populations: to identify the major viral wd

6

bacterial agents that cause diseases of cultured  fishes, and
to develop more efflicacious and economical therapeuties for
their control; to determine variation of disease susceptibility
in difterent strains of fish.

Situation  Evaluation:  Increased  operational  costs have
resulted in demand for higher fish production: per culture
unit. The means for obtaining higher production per unit
often lead to environmental deterioration, results in greater
physiological stress on the fish and is thonght to render
them more susceptible to diseases, 1t is not known exactly
how these conditions stress fish and  what  physiological
changes actually take place that resalt in greater discase
susceptibility, In order to prevent diseases of fish, scientists
must know what environmental factors are actually involved,

A mumber of bacterial diseases of fish are known, bt
pvrimlimlly there are instances where new or pr(-\'i()llsly
unknown organisms are associated  with fish  mortalities,
These organisms mmst. be identified and their pathogenicity
studied, There are anly afew chemotherapeutics, some with
questionable efficaey, that can be used to treat diseased
food  fish,  More efficacions and  cconomical therapeutics
should be developed and progress niade toward their ap-
proval fronn regulatory agencies for use on food fish,

Many microbial diseases of fish only ocenr in epizoatic
proportion at certain times, usuallv when fish are stressed,
or when the environment favors p;llhng('n over host: at
other times their presence is diffienlt to deteet, This is true
ol furnnculosis, colummaris. and channel catfish viros disease
(CCVD)Y, Colimmaris s of particular concern in fish culture
pouds in the southern US. and the effects of acute or
chronje Tow oxvgen and other stresses of this discase, along
with effective controls, mast be defined.

Ouly two virns diseases are known to serioushv alleet fish
in the southern US. infections pancreatic necrosis (1PN)
of troui and CCVD of channel catfish. Others way he in-
troduced into the area snd monitoring {or such viruses must
he rontinely done, Identification ol 1PN carrier populations
is done by appropriate sampling techniques, however, al
present. COV s impossible 1o detect inoa carrier state, which
may serve as areservoir for infections. A concerted effort
towards elucidating the carrier state in post CCV epizootic
catfish pupululinns is of prim;u"\' impm‘tmnu-.

There is evidence that a difference in susceptibility to
diseases may ocenr between homo-and  heterogenetic strains
ol channel catfish: this aspect shonld he further explored
to determine it the diflerences are significant i improving
production.

Research Approaches: The effects of cuvironmental stresses
o susceptibility of fish to diseases wonld be done in enltire
units where varions conditions such as temperature, oxvgen
level and metabolites could be monitored, Parameters meas-
wred for evaluating the conditions of fish would include
hematocrits, hemaoglobin, presence or absence ol speciliz
antibodies, and growth rate. Under various enviromnental
stresses the fish wonld he challenged by different pathogenic
microorganisins,

Pathogenesis and histopathology of newly deseribed  dis-
cases would be experimentally determined  in susceptible
hosts,  Accepted and  new therapentics would  he  tested
against deseribed and new pathogens and experimental de-
sign would he directed toward governmental approval,

Detection of carrier states for hacterial and viral discase
agents would start with extensive sampling of cultwred fish
popithitions known to have been exposed to various discases.
Application of currently acceptable assav methods would
be followed by experimental infection of populations ad



determining the pathogenesis of the disease,  Fluorescent
antibody, selective media, antibody assay, specialized tissue
culture techniques, and electronmicroscopy are some tech-
niques that may be used in detecting carrier animals,

Homogenetic and  heterogenetic strain - susceptibility  to
diseases would bhe closely correlated with enltural character-
istic studies.  Comparison of susceptibility wounld necessitate
exporimental challenge by known amounts o1 pathogens by
several routes of mfection and wnder controlled  environ-
mental conditions.

Priority: The effects of stress, physiological and environ-
mental conditions on disease susceptibility are of pringry
importance,  Development  of  diagnostic  technigues  for
identifving pathogen carvier fish in asymptomatic popula-
tions is_desperately needed. A vigorous effort to develop
more efficacions and economical therapenties, and methods
of treating bacterial discases should be carried out, The
variation of  discase suseeptibility: between strains of - fish
is of lesser importance.

SMY Distribution

RPA 1974 1975 1975 1950
— o Base  No Increase 109 Increase Recommended
211 5.25 3.00 3.00 3.00

Title: Control of internal parvasites of fishes,

Priorities: Short term 2; Long term 2,

Objectives: To develop methods of control for sporozoan
protozoa, unsightly helminths, and certain svstemic fungi of
cultured fishes; and to study the epizootiology of internal
parasitemias.

Situation Evaluation: Intensive pond enfture of fishes may
canse the aceumulation of internal parasites in the {ish cul-
ture svstem; this s particularly true of myxosporidians and
wicrosporidians, Certain nematodes. trematodes and cestodes
may also accumnlate in the svstem if the proper intertaediate
hosts are present. Factors favoring development ol inte -
mediate hosts are not well known: i these factors were
known, control of intermediate hosts conld probanly be
accomplished through subtle clunges of the environment.,
rather than drastic chemotherapy of the host.

Research Approaches:  More research on therapy of en-
doparasites is needed. 1t would be appropriate to - solate
and culture the sporozoa, and to altempt to inleet fish under
a variety of cirenmstances, The transmission of most imvao-
sporidians should be determined experimentallyv; ])m(hu:liun
of infective spores may be wore involved an’ simple aging
of the spores. The intermediate hosts of dingerous hiehnintlis
should be  determined and factors involving the develop-
ment of those hosts investigated. A wreatly expanded Dis-
topathology program is needed o lielp wderstand the
pathogenesis of these diseases and to lielp assess the damage
thev cause.

Priority:  Control methods of sporozown protozoa and -
sightly helminths ot catlish and ot are needed,  The
study and understanding of the epizaotiology of - internal
parasitemias is essential Tor control, '

SMY Distribution

RPA 1974 1975 1975 1950
7 Base No Inerease 106G Incrcase Recommended
212 (.50 0.50 .50 150

POLLUTANTS AND TOXINS

Introduction

Regard for pollution in aquaculture includes (1) problems
resulting from wiintentional - contamination of  water and
artificial_diets with economic poison and agricultural and
industrial chemicals; (2) the need for “fishery™ chemicals
that are purposefully applied to vater in aqucultural prac-
tices; (3) aceeptable controls over water discharges from
fish farming operations: and (8 maintenance of aceeptable
waler quulity in ;1qu:wu|lurv svstems,

Unintentional  contamination varies from low concentra-
tions of persistent organochlorines such as the polyehlorinated
biphenvls and DDT analogues and isomers to relatively
high concentrations of organochlorine insecticides such as
toxaphene and, to a lesser exient, endrin around  cotton
farming,  Fish kills result {from accidental spills, careless
appiications, and irresponsible discharges of these and other
ceonomic poisons and industrial chemicals,

Pesticides and other chemicals also pose less obvious
problems  to aquacnlteze when magnitude, application
method, location, time, or lack of containment present high
probability for water contamination.  Contamination at levels
less than that cansing immediate kills is also recognized as
potentially damaging.  Fish exposed to contaminated  water
may acenmulate residues to hanuful levels that can de  case
productivity, produce off-flavor, or he a health hazard as
food for man or other animals. Several trace organies are
concentrated as high as 100 thousand-fold over levels in
water, These trace contaminants also accumulate in fish
via natural forage and artificial food,

A contrasting concern for pollution in aguaculture results
from intentional application of “fishery”™ cheniicals to water

when residues and adverse: biologic eflects may ocem i
non-turget species. Varions aceeptable chemicals are necded
i fish culture, but few are vegistered for aguatic nse or
comply with the Food, Drg, and Costetic: At or the
Federal Envirommental Pestic ide Control Act. Tnmost cases,
no monetary incentive exists for their deselopment by -
dustry, which includes generating data on safetv, eflicaey
toxicity, residue dvoamics, and circinogenicity, teratogenicity
or mutagenicity. These necded chemicals inclade hiocides
{parasiticides,  herbicides wlgacides, insecticides, piseicides,
cte): therapentants (hacteriostads, fungistats, antihelnintics,
etes stimulants  (growth, veproduction, cteos an b other
chemicals including attractants vepelionts, fertilizens, anes-
theties and tranquilizers. Clearance aud registiation of these
“taols”™ have broad ccomonmic scope and public nterest,

Better teclmiques for maintaining acceptable water quadity
in culture systems will allow high praduction aid miinimize
visks of fish kills from water quality deterioration, Finally,
methods for treating elfluents most he developed 1o satisly
new restrictions on eflluent disclarge,

Title: Protection of fish and other cultured auatic ani-
mals from toxic chemicals in food and water,

Priorities: Short term 1: Long term 2

Objectives: To evaluate residue dviamics and - biologic
impact of toxic chemicals in fish,

Situation Evaluation: Several groups including e FIA,
Fish and Wildlife Service, NMEFS, and others have ongoing
research ol pollation ceology. But the nwain cnephasis ol
their rescarch is not directed toward assessing binloic in-
pacts and residue dvoamdes of enltured aquatic species.,
Their researelr does uot necessarily exclade “donestic” spe
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cies, bt o more concentraded  effort with cmphasis on in-
tersely enbured species is needed. For example, informa-
tion is coeculeble onacammtation rates, toxicity. and sublethal
clects of several pedicides and industrial ‘chemicals in o
fess Loy species, This allows aenerid predicdons of how a
orvanic will belave i oun aguatic ccosvstem, General pre-
dictions. however, are nol satistactory when production of
nnaketable prodicts for hinnan consumption demands
firnte e thaates of tovie residues in consideration of hunan
Lot Feonomic assesstent also requires finite estimates
af fonnae loss throngle growth inhibition or mortality,

Colkderal information Trom veseareh desoribed herein will
hetp e deseluping practical methads of reducing levels of
tosice chiemicals treny water and nataral or artificial food 1o
prevent or aedoce actionable residue levels in fish to be
manheted. Related eriteria are needed 1o eliminate toxic
sabetances i eonstrnction materiads used in or near fish
holdine syaletns,

Researeh Approaches:  Controlled applications of  toxi-
cants, sueh as pesticides, industriad chemicals, and when ap-
propriate. their metabolites nay be given to fish or fish
lorige toevahuate tolerance: limits and residue acemmula-
tion disappearinee rates, Standard procedures that are
available for o lew species can be used  or maodified as
necessary o accommodate catfish, tront, other fish and fish
foroge nvertelrates. Effects on reproduction: or complele
lile cvele studies in controlled envivonments can be under-
tahens Sublethal eflects on other physiolagic functions, i.e..
dystunction ol wdaptive mechanisms in disease challenges,
thevmal shoek, and other environmental stresses can be
Lowered tolerance of  standirdized  stress ehal-
lenges, qul) resicies, ingaured reproduction,  reduced
aromth, etes can be correlated with contact exposures and
dosing via diet to determine maximal Tevels of  environ-
mental polletants that can be tolerated in fish production,

NS '\\('(l.

Priority s [neveasingly areater use of water for foed pro-
diction in highly aericultural areas requires sale and ef-
licient ase ol biocides and other synthetic compamds having
biologic activite, Criterta Lor sate use are vet to be estab-
fished for the Tew main chemicals used in the seoth,
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Title: Clearinee and registraion of cliemicals for Qg
et

Prierities: Short term 1 Long term |,

Objectives: 1o provide  backaround  bdormation o of-
licaev, sadetvs vesidies, tovicity . carcinogenicity, ete, eces-
siry dor vegistering fishiery chemicals,

Situation evaluwation:  Corrent eflorts (o register aquatic
cliewnicals e proicsing sowlv, The Fishoand  Wildlife
Serviee, Burean ol Redamation, Agrienltural Besearclr Ser-
vice and US Corpec b Fogineers have mntual interest in
cevendd herbicides aloaedides, ’”Il‘.\‘ cooperal and sapport
redistration stadies o a fiaited basis,

Sivee the implementation of the Federal Environmental
Pesticides Control Aet, the use of wany chemicals in fish
cnlttne has been vendered illegal, Some are indispensable
forachisving high suceess in fish enliural operations, while
other chemical agents, such as growth and reproduction
stimnlants, attractants, fish sterilints, etes, cenld inerease
prochaetivity and reduce cost,

The TR-F Committee helps to register minor-use pesticides

and may provide support in processing information as a
collective hody:,

Research Approaches: The FDA and Pesticides Regula-
tion Division of the EPA provide general guidelines for
generating - efficacy,  safety,  residue, carcinogenicity, and
other data to support registration, Many immediate research
needs could he conducted in existing programs as a col-
lective endeavaor, il they were organized, coordinated, and
funded with sufficient “ceed” money,

Ancillary information to be derived from rescarch  de-
seribed herein: can lead to development of biologic or in-
tegrated controls in lien of strictly chemical methods, Practi.
cal means of detoxifving treated  water and aquaculture
svstems can be related developments,  Research and  de-
\"vl()pm(-nl of “new™ fishery chemicals should proceed along
lines of anticipating residue and toxicity problems.  That is,
it initially: should exelude those kinds of componnds having
propeusity {or bioaccummlation and narrow margins of safety
hetween target and non-target organisms.

Priority:  Several chemical agents need te be registered
immediately to preserve the present state of fish production.
These include several lierbicides, prophvlacties, bacteriostats,
a broad spectrum antibiotic or combination of antibiotics,
an anesthetic, and  several parasiticides,  Other  chemical
agents have lower prioritv: but their research and develop-
ment s alinost completely Tacking,  Their priority. mav be
judged by their potentia! for increasing production at greater
economy,
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Title: Water quality management.!

Priorities: Short term 2. Long term 1.

Objectives: Develap technigues for preventing fish mor-
tality - after witer quality deterioration, predicting  water
quality: problems, maintaining high quality water, and re-
ducing envichment or other pollution in aquaculture effluents.

Situation Evaluation: In static ponds, particularly those
receiving dailv feeding, nutrients from uneaten feed and
exercta frequently cause excessive phytoplankton production,
A number of problems, including odors, off-flavor in fish,
presence of toxie substances, and shallow  chemical and
thermal stratification have been attributed to excessive pro-
duction of blue-green algae.  Furthermore, under  certain
conditions blooms of  blue-green algac suddenly  die and
their decomposition leads to oxvgen depletion and fish mor-
tality, The praduction of fish is limited by the amount of
leed which can be added to ponds  without development
ol potentially dangerous algae problems.  Chemical, biologi-
call or mechanical means of reducing phytoplankton pro-
duction would nermit inereased production and reduce risks.
Accurade prediction of phyvtoplankton dic-olfs would allow
prophvlactic treatment and prevent fish mortalitv. The risks
ol oxvgen related fish kills in ponds could be further re-
duced with better techniques for supplying  supplemental
oxvgen during periods of oxvgen stress,

Flowing water cultures, cither i ponds or raceways, are
dependent upon Targe volumes of high quality water, As
this waler passes throngh the svstem, its quality progres-
sively deteriorates.  In many situations  effluents from  the
"Research covered under RPA 901, Alleviation of sail, water,
and air pollution and disposal of wastes,
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lower end of flowing water systems are simply discharged
to the environment. However, to reduce pollutional aspects
of flowing water cultures and effeet more efficient use and
re-use of water, better techniques for recliming and recir-
culating spent water are needed,

Recent action by the Environmental Protection Ageney
requires eftfluents from cultures to meet cortain water quality
standards,  Careful studies are needed to supply data upon
whick to formulate realistic water quality eriteria for ef-
fluents, Techniques must be quickly developed for improv-
ing water quality in enltures and’ minimize  treatment of
wistes,  Furthermore, economical means of treating cfflu-
ents will be necessary in some situations.  This aspect is
probably of the highest short-term priority to the fish farm-
ing industry.

Research  Approaches:  Short-term ermphasis should  be
given to monitoring the quality of water discharged from
various types of cnltures. These data should be evaluated
to establish realistic water quality criteria. Economical waste
treatment technigues should be adopted from other appli-
ations or developed specifically for fish culture operations,

Problems of excessive phyvtoplankton production, oxygen
depletion, and reclamation and reuse of water should he
assigned  high long-tern priority. Research should be con-

PRODUCTION AND

Introduction

More efficient production and nuanagement of freshwater
fish for food is essential it fish Lrming is to achieve a status
equal to that of other tvpes of animal hushandry,  Rescarch
programs patterned after those in animal hushandry should
achieve sitailor advances, but the unique situation of fish
living in water presents special problems of feeding, en-
vironmental quality, and harvesting,

hnproved breeds with fast growth, efficient feed con-
version, and ability to tolerate environmental conditions of
intensive culture are urgently needed.  Additional knowledge
of feed formulation, mitrient wtilization, and  metabolisi
would be useful for developing more ceffective production,
Research on control of environmental guality and  waste
removal from water are especiadly important before other
advances can be placed into management practices.  There
is need for incereased production and knowledge on regu-
Luting, handling, harvesting, and trausporting large numbers
of live fish.

Physiological functions are similar for all animals includ-
ing fish. However, fish are “cold Dlooded” animals amd
acquire i l)udy temperature almost identical to the environ-
ment, These differences in body temperature affeet “meta-
bolic rate,” which becomes slower in winter than in sum-
mer, The fisherv researcher recognizing these inherent spe-
cies and  physiological - differences  can utilize  scientific
literatuwre on nutrition, breeding, pollution, pesticides, and
stress, and apply these findings to interpret particular fishery
studics,  In contrast, there is no similarity between fishery
production technigues and harvest and those nsed i farm
animal - hushandry, The fishery rescarcher nust develop
cquipment, facilitics, and techniques with little or no as-
sistance from the agricultural Jiterature,

The objective of this task force is to identify high priority
problems; then to elicit investigation to provide a base of
knowledge for reliable management practice. Fish husbandry
is still in its infancy and properly applied  management

ducted in ponds and racewavs which e comparable to
those used by fish farmers, luvestigations should include:
(1) causes of blue-green algae blooms, (2) canses of phvto-
plankton die-offs, (3 methods for predicting phvtaplankton
dic-offs, (1) supplemental methods for supplving osvgen to
ponds, (3) chemical control of excessive phvtoplankton, 6
hiological and mechanical means of reducing excess phy-
toplankton, (7) methods for reclaiming offluent discharge for
re-use, and (8) waste treatment of  oflaents priov (o dis-
charge to natural waters,

Priority: The quality of water in enlture svstems decreases
as standing crops of Tish inerease and upper liniits of fish
production are inposed by failire o maintain adequate
waler qualitv. Sudden detevioration of waler TURUIRSITHS
result in fish maortalitv and serions economic loss, hproved
techniques for madntaining water auadity wounld wllow wreater
production in enltures and ninmmize economic rishs,  Fur-
thermore, effluents fronn enltures with high quality waler
would be less concentrated with pollutants and thas waste
treatment cost would be ninimal,

SMY Dastribution
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MANAGEMENT

should vaise production. increase clficieney. improve prod-
net quality, and thus assure the farthe expansion and pros-
pering of the fisheries industry,

Title: Reproductive performanee,

Priorities: Short term £ Long e |,

()I)jccti\'cs: Determination of the genetic: bases aind en-
vironmental limitations tor aptinenn veproduction of - com-
mercially enltured fishes, and the deselopment and  jine
provement of methods for artificial reproduction,

Situation Evaluation: Controlled reproduction is o neces
sary feature of any tvpe ol eflicient animal hashandin, 1t s
particularly important in fish cultere since v - wish o in
crease reproductive potential in some cases hut in others to
limit it. In cold water culture (ront and salmon) increase
of reproductive potential is an appropriate goal, whereas in
some wirmwater species e tlapio that voaeh sl
maturity i a few months, reproduction mast e Tonited s
that the produaction of Larvestablesizod fish s ol anpraired
by excessive spawning,

Some species that have o short caltare listony andd Jong
generation interval (e, paddlefisho canondy be seprodueed
by using wild fish collected during natird! spasenine. This
is obviously a serious impediment o the ellicient enlture of
these species,

Manv covironmental (actors celiedt the nnber of ceus
produced by o femal: fish, e the suvival o Tutehing
suceess of the embrec o These factors tange rom thermal
shock to bacteri=i and hungal discases o deveioping e,
Mitigation of known deleterions Tactors relies on improved
nuoagement ol broodstock and hateling Tacditios, others
are more problenstic i require in-depth stuy,

Hormomd  controls e influences on reproduction e
not fullv understood for anv species ol fishe Pituitary ey-
trirets and human chorjonic gonadotropine cllectively indue
maturation and ovulation in some species but their usetnd-
ness in-artificial spawning of other speaies is not Krow o,
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Optimization of reproduction throngh genetie techniques
is virtually untapped, aside from trout and salmon.  Many
cuses of decreased feaundity of broodstock and increased
deformities of Iry have heen attributed to excessive inbreed-
ing in the broodstock, Solution to these problems is one
of improved management of the broodstocks,  Problems re-
fating to un overall genetic selection program may he some-
what more resistant to solution. Some sp('cics (('.g.. catfishes,
paddlefish) have w relatively long generation interval,  This
l(mg generation interval retards progress in selection pro-
grams,  There is no satisfactory technigque for - long-term
storage of fish sperna. therefore a breakthrough in this area
would provide rescarchers with a powerful tool in- geneties
selection research.,

Research Approaches: The development of technigues for
spawning in captivity of those species where this is pr(-scntl_v
impossible would be the first step in culturing these species,
In species whose culture s well developed. study of en-
vironmental and physiological Timitations of spawning would
provide information NECEeSsiry for the r(-pl'n(]m'tinn of op-
timam nambers of  olfspring for each cultwre situation,
Genetie studies, such as; reduction in age at maturity, in-
creased  and decrcased feaunditv. inbreeding - depressions,
gynagenesis, and loug-term spernn preservation: are needed.
Control of sex using sex veversal or gynogenesis would pro-
vide o tool for complete elimination of reproduction,

Priority:  The development of  broodstock management
techniques o reduce effects of inbreeding depression are
needed innnediately. Other mangement procedures for
broodstock awd - Datehing facilities are also needed. The
gevetic vesearch is ol o long-term nature and shonld he
initiated as soon as possible,

SMY Ditiibution
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Title:  hmprovement of hiological efficiencey.,

Priovities: Short term 1, Long tern 1

Objectives: T'o establish nutritional requirements and their
interactions with feeding additives for growth of fishes; to
determine nutrient availability and improve utilization, cs-
pecially for proteins to develop more effective feeds for
specific environmental conditions, and more cconomical feed
delivery systemss o evaluate heveditary influoences on fish
production aud apphy this knowledge toward achieving im-
proved strains, and ouagement ol breeding stocks,

Sitnation Evaluation: Compared to the wealth of informa-
tion on nutritional requirements and genetic parameters in
livestock and ponltev, little is known on these biological
factors in fish. Knowledge of the atilization of individual
nutrients and the effects of hormones or other additives to
leed s fragmentary and ol tittle predictive valae in formulat-
ing more effective fish feed, Protein and fat, which make
up the most expensive portion of the ration, is of particular
concern, Rapidly clinging feed sources and prices result
in substitution of ingredients with little knowledge of of-
feets on leed quality, Environmental conditions, especially
temperature, effect fish to w greater degree tan Tivestoek,
but how this relites to nutritional needs s poorly under-
stood and not generally considered in- management. Fish
feed is madified animal teed: needed are major innovations
to improve delivers, water stability, and availability to fish.
Current eeding syslems are ouly partially mechanized,

Undeveloped wild stocks and nominally: domesticated fish
are now used inculture. Programs ol artificial genetie selec-
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tion and strain development are planned.  Most fish are
highly variable in growth and viability, which suggests the
possibility for rapid progress in selective breeding.  How-
ever, almost no information correlates genetics or heritability
with variable factors. Fish culture practices leads to in-
breeding, the effects of which are unknown, Better mating
systems and improved management of breeding stocks are
needed. Information on the relationships of nutrition and
geneties is essential for the development of fish farming into
a major food production industry,

Research Approach: Improved biological efficiency would
he achieved with more information on nutritional require-
ments, digestion, and metabolisni. Not to be overlooked s
effect of nutrient composition and biological availability as
affected by feed preparation and storage.  Edentification of
amino acid requirements, evaluation of the utilization of
syathetic amino acids, and isolation of growth factors in
fish meal not present in plant protein would lead to im-
proved feed formulations.  Further definition of dietary re-
quirements for vitamins, minerals, lipids, and effects of
hormones and therapeuties in feed would be made. Optimiz-
ing dictary protein and energy Jevels under specific en-
vironmental (i.e. temperature) conditions ans determination
of nutrient availability in varions feedstufls wounld lead to
development of least-cost formubue for fish feeds. Modifica-
tions in feed processing and {feed svstems with o goal of
improving (l(‘]i\'('l"\'. increasing consumption, rvdn(-ing wastes,
and lowering labor costs would improve the cconomies of
fish farming.

To develop a genetic basis Tor improving strains of fish
throngh selective breeding. heritability and genetic correla-
tion of the different economically important traits in catfish,
tront, and other commercial species would be stadied,  1n-
vestigation o inbreeding, methods of selection, methods of
mating, and other aspects of reproduction would relate to
operational breeding.  Information derived from these studics
will serve to maximize efficiency in fish production, and in
addition, improved strains of fish would be available to fish
hashandrymen,

Priority:  Lmprovement of officiency in production has im-
mediate pav-olf by increasing the cconomic return o fish
farmers with little increase in costs.  Basic knowledge of
fish nutrition will allow use of cheaper feed ingredients and
better vields. Development of improved strains of fish has
potential to revolutionize fish hushandry just as improve-
ment of chickens changed poultry husbandry.  This re-
search has priority: becanse of the favorable ratio hetween
pregram costs and potential economic return
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Title: Environmental stress in production,

Priorities: Short term 1: Long term 3,

Objectives:  Definition of factors vithin the freshwater
enviromnent which compound stress upon farme-raised fishes
and crustaceans: development of svstems which minimize
stress in intensive «~ulture, ’

Situation Evaluation: The metabolistm and growth of “cold
blooded” aquatic aninids varies according to the tempera-
ture of the water. An aoptimum temperature range exists
for cach species and temperatures ontside this range result
in stress and inefficient conversion of feedstull to fish flesh.
In addition rapid temperature changes within the optinnnm
range may result in stress whereas more gradual changes
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would allow adjustment.  Optimum temperatures have not
been established for many culturable species and relation-
ships between temperature and other stresses are not com-
pletely understoad,

Inadequate  dissolved oxygen, or high coneentrations of
carbon dioxide and nitrogenous  compounds often produce
respiratory impairment, car sing poor feeding efficiency and
resulting in further organic fouling of the culture medinm.
Stressed fish may refuse feed for several davs, and  the
accumulated uncaten material stimulates excessive ulgaw pro-
duction.  Overabundant algae intensify stress because it
qauses extreme dinrnal fluctuations of oxygen concentration,
and certain blue green algae are directlv toxic to fishes,
Control of algae is possible with biological or chemical
methods but these are not generally utilized by the fish
hushandry industry,

Resistinee  to disease is  lowered by stresses.  Aqguatic
animals are also predisposed to disease by handling, and
are particular]ls susceptible to bacterial infections once the
mucous-coverea epithelinm is broken.  Certain species of
fish undergo “shock,” apparently fright-related, when han-
dled. Many never recover, or develop other discase symp-
toms.  The physiological basis of handling stress and shock
are imadequately known,

Intensively cultured fishes, stocked at densities much greater
than in the wild, must adapt to crowded conditions. Certain
species do not adapt well, and discase organisms and para-
sites are transmitted more readilv in the confined medinm
where other stresses may have predisposed them.  Crowded
fish secrete organic chemicals into the water which depress
cardiae function and inhibit growth,  Culture svstems with
apparent physicul u(]\';mlug('s uclnu“y increase stress. Race-
way culture, (-sp('vinlly that with units in series, accumulates
metabolic products. The fishes in down-streant units grow
more slowly and convert food Joess efficiently, for reasons
that are poorly understood.  In cages and raceway culture
the artificial dict must be a nutritionally complete one, since
natural foods are Targely excluded from the fishes intake.

Research Approaches:  « pper and lower tolerance liniits,
and optimum range of temperature for growth should be
established for exotic species under consideration for culture,
Compurisons of oxvgen reguirements should be conducted
for carps, buffalo, tilapizs, paddlefish, and others planned
for polyculture in intensively managed svstemis, Evaluation
of these fishes™ ability to consume detritus, waste feed, algae
and other undesivable byproduets of intensive culture should
be made. Artificial acration svstems should e developed.
Genetie selection, and cross breeding of species. should be
made to discover lines of fishes more tolerant of the stresses
produced by inten ive cultures.  The phvsiological causes
and cffects of shock and crowding should be studied.

Priority:  The development of efficient and  economical
artificial acration and  destratification systems s of great
imp()rlunc(', for intensive pr()(lnctiun. It has often been
noted that discase is rare and food conversion and giowth
are good in well-oxvgenated svstems, At present, fish -ul-
ture is highlv dependent for oxygen upon the photosynthesis
of natural algal populations. Given the relative unpredicta-
bility of algal die-ofts, safeguards against stresses of oxvgen
depletion are needed.
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Title: Production management svstems,

Priorities: Short term 3: Long term 2,

Objective:  Developinent of productive methods based on
sound principles, including computer simulations, requires
identification of kev parameters and establishment of their
interrelationships in order to provide effective management
choices relative to fish prodnction, ’

Situation Evaluation: Culture of freshwater fish Tor food
promises to become w majer agricultural industry, In its be-
ginning fish farming was o sideline and management was
interrelated  with other husbandr 1o make better nse of
irrigation water, farn: kibor, stock poncls, marginal T, ele,
Management altery dves were simple, and evaluated  andd
selected according to monctary return under existing civ-
cumstances.  These alternatives are no longer valid with
today’s competitive conditions, high feed costs, larger pro-
duction units, EPA regulations. and labor costs. Fish pro-
ducers in the past considered protein levels in feed, stock-
ing levels, size of stocked fish, length ol growing scason,
size of fish at hawrvest, and micthods of pracessing in his
management  decisions.  However, witl todavs knowledge,
species  utilized, use of aeration cquipment, mechanized
canipment, vear-around harvest, and other alternatives must
also be considered, Agricnlturists mcorporating fish produe-
tion into . complote Tarming operation are faced with still
more alternatives, Integrated information s generally not
available to fish producers in a form wherehy management
decisions can be determined ritionally. Future expansion
of the fish husbandry industiv, combined with more sophisti-
cated knowledge of biological systems, is likelv 1o compmmd
this problem,

Research Approach:  Solution of curvent and tatnre prob-
lemis requires an inventory ol information on-all paraineters
related to freshwater fish production. Evaduation of informa-
tion and demonstration of relationships hetween components
is essential for arriving at integrated managenient systems.
Alternate integrated svsteins will he compared ander field
conditions.

Pricvity:  Management ol fisheries production can be -
proved with detailed knowledge ol cemponent parts and
overviews of their interactions, There is urgent need 1o
identify significant deficiencies in knowledge and to integrate
present information on fish production svstems, It is essential
that teehnology be made available to fish famers ina readily
understood and usable Tor,
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Title: Mechanization and stroetores.

Priorities: Short tern 20 Long term 3.

Objectives: Improve structires and mechanical - devices
used i spawning, reaving. feeding, holding. and harvesting
bait fish, trout, catfish, and other commercidhy inmportant
species of freshwater food fish, and deselop new. more ef-
ficient mechanized cultural cquipment and st tares,

Situation Evaluation:  Expausion ol the dreshwater fish
industry has been curtailed by risiog production costs,
Growers of major freshwater {ood sl crops are facing
problems of greater feed, Tabor, energy and constrnetion
costs. Buver resistance to resulting high fish prices has de-
veloped. 'Iligh('r production and increased  efliciency ob-
tained from improved facilities and equipment would con-

1



tribmic to lower foad fish prices und benefit hoth the pro-
ducer and consumer,

Research Approaches:

A Intensive culture of food fish in tanks, raceways, or
s wenld allow producers to - utilize limited space and
“ater supplies more efficiently, At the present time however,
'V:ulllllll)ll costs for fish reared in such facilities are Inf_,h.

searehis needed to develop specialized  structures  to
i.uililuh- waste removal, Lo equalize growth rates and to
ceduce maintemicee labor, Mechanization of cultural activi-
ses snch as feeding, grading, harvesting, and loading of
tish reared in itensive production facilities would be useful
o lish pradicers.

Priovity:  Initial efforts should be concentrated on de-
veloping waste removal - equipment and - methodology,
That wonld make water re-use more feasible, Short term
stadies to develop practical grading methods should have
high priority.

B, hprovements are needed  in traditional - pond - fish
pracduction facilities and equipment. Methods of vemoving
wisste Trom fish ponds by mechanical nethods would be of
value s this is hecoming o limiting fuctor as ponds age.
New grading and harvesting methads are needed to inerease
praduction  eflicieney and to reduce Taboe requirements,
Mechanical devices or specialized structures to - selectively

harvest differeut fish species would be helpful to fish pro-
ducers in developing polyculture methods as wenld special-
ized feeding systems that could be used to selectively feed
individual species raised in a mixed community.

Priority: Selective harvesting gear and partial harvesting
devices should receive major effort,  Long term studies are
needed to develop waste removal and  selective  feeding
devices.

C. Research is necessary to devise mechanieal equipment
and specialized structures for rearing fish in conjunction
with other crops. Combined production of fish and rice
may prove to be practical with the right combination of
facilities. Also, fields fitted with specialized structuves may
be useable with little alteration for rotation of fish crops
with sovbeans or other graims. A double crop svstern or
more flexibility in land use would be of major henafit to
farmers,

Priority:  Major emphasis should be on fish-grain crop
rotation research.  Information obtained in these  studies
would be useful in developing programs to study double-
cropping teclmiques.

SMY Distribution
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PRODUCT DEVELOPMENT AND QUALITY MAINTENANCE

Introduction

Americans consne 125 pounds per capita of fish and
lish products wmmadly. e is diftienlt to obtain datac indi-
cading the exact amonnt of weshwater fish consumed  in
contrast to total per (‘:l])il:l mlmnnplim-, However, there is
data to show that constmption ol freshwater species is in-
creasing. In 1954 1.2 (o L million pounds o tront were
|)m(|\|(u| by aquacnltnre, and by 1974 production: had in-
creased (o 40 million pounds ammuallv, In 1954 there were
fess than 100000 punnds of catlish |)m(luu(l on farms, but
by 1971 this had inereased to some 50 million pounds,

Fresh water fish presently provide w good source of high
quality protein. 1t hias heen estimeted that some 10 pereent
of the world's witer-derived protein comes from aguaculture,
Worldwide puuimlum of fish by aguacultire has doubled
in the Jast 5 vews, and sonme comtries relv on this source
lov 10 percent ol their total fisheries [)I()(l\l(l\ This iverease
in lish pm(lll(llun by aguacnlture has heen caused ine part
Iy growing world demand Tor high guality |)|()l(‘|l|. It
liirs |)ull Imllun d v the Bimited cateh and inereased cost
ol commercially .uphn('(l narine fish and the attructiveness
of fish Tarming operations as farm enterprises,

In the United States over Iialf the catfish consumed comes
from fish Gwws, Presently, there ave over -£000 commercial
ventires invelving treshwater agquatic animals. hiterest has
||pul|\' increased and research (\]).lll(l( <l on the production
ol warm water wquazulture of fast-growing herbivorous fishes.

In the Gult States alone there are over 2 million acres
of Tow-value land. which is suitable for fish farming,  Utiliza-
tion ol this Tand could provide 8 billion pounds of fish per
vear on i resh weight basis, or ronghly 4 hillion pounds
ol usable fish and she products annually.. Work s needed
in the arca ol product and process development to keep
pace with production research in these areas, Obviously,
production of this quantity of food fish by pond culture can
develop onlv when suitable products lave been developed
and markets Tound. Researeh under this project has as its
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major goal the development of pr()(lucts‘ and maintenance
of quality so as to permit maximum development of the
potential for freshwater fish and fish products,

Title:  Production of fishery products with improved ac-
ceplability,

Priorities: Short term 1; Long term 1

Objectives: To determine elleets of praduction environ-
ment and processing procedures on natritional and sensory
properties of freshwater fishery products.

Situation Evaluation: One problem associated with fish-
culture is off-flavors,  An “earthv-musty™ type of flavor has
been found in commercially etltured” channel catfish and
has effected serious losses.  This same flavor is a pl()l)lem
in the trout industry and has been found in other species.
Information is needed on identity of the or ganisms responsi-
ble for production of the off- flavor, environmental condi-
dons favorable for their growth, chemical identification of
the compounds responsible for the flavor, and methods of
mianagement to prevent its (]('v(']()pm(‘nt or to remove this
flavor from the fish once it has heen acquired.

Relfatively little is known about the effects of feeding or
other lmn.lu-mvnt practices on  chemical  composition of
enltured food fish,  With livestock, these conditions have
marked influence on carcass quality which, in turn, affects
consumer acceptance of the product. Such factors as com-
position of the diet, amount and frequency of feeding, water
temperature, and size of fish are likely to affect the amount
nl fat or mmscle, dressing polcent.q_,c appearance of flesh,

r flavor, Thus, the effects of production practices on car-
cass quality and the subsequent effects on marketability of
lreshwater food fish should be identified.

There are also possible genetic or species-related  factors
that may influence consamer aceeptance. For example, hoth
white catlish (Ietalurus catus) and albino chamel catfish
have lighter, more appealing flesh than regulr chanuel
catfish. - Dillerences in’ body conformation among strains of



channel catfish from  different populations affect dressing
percentige or consumer appeal,

Nutzitional and chemical evaluations of various species of
fish will provide useful information for the consumer to
use in determining the contribution to his diet, for the
technologist to use in evaluating the processing properties,
and for the processor to make decisions concerning nutri-
tional Jabeling,

The effects of handling and preservation procedures on
quality of freshwater fish should be understood if improve-
ments in aeeeptance of the marketed ])r()dncl are to be
made through processing alternatives.  Examples of areas
where more information is needed are: (1) effect of packag-
ing methods or use of preservatives on keeping quality in
fish stored at low temperature; (2) effects of refrigeration,
ice-packing, and varions temperatures below freezing on
keeping qualityv: (3) effects of plant sanitation on quality
and storage life; (4) and effects of pre-processing, handling,
and slaughter methods on quality,

Data on consumer attitudes towards freshwater fish prod-
uets are necessary,  Areas in which consumer preference
information is needed are: fresh versus frozen fish; portion
size or package size: whole fish, steaks, or filets; attitudes
ahout unconventional species such as buffalo fish or silver
carp; attitudes about new products such as minced  fish
products, canned, pre-cooked, frozen, smoked, or pickled fish.

Research Approach: Organisms and pond conditions re-
sponsible for svnthesis of off-flavor compounds should be
identified, management pr;lclicos to prevent or remove off-
flavor conditions in ponds should be investigated, chemical
identification of off-Havor compounds should be determined,
and objective and subjective tests for practical evaluation
of fish flavor should be developed.

To evaluate the effect of the production system on hody
composition of cultured fish, experiments will he designed
to evaluate the effects of feeding regime, size of fish, con-
dition of fish, harvest season, and water temperature on the
dressing percentage and body chemical composition of fish.
Subsequent consumer acceptance studies will be conducted
to identify the preference of consumers for fish with varjous
arcass quatlity traits.

Comparisons of consumer preference attributes of various
species or genetie strains of fish will be made. If superior
sensory qualities are identified for a species or strain, cco-
nomic benefits as well as other practical considerations as-
sociated with producing the fish for marketing will he in-
vestigated.

Unconventional fish species that may be useful in poly-
culture svseems will be evaluated for consumer acceptability.
These fish will be evaluated in various marketable forms,
such as dressed wn-cooked fish, in minced fish products,
cunned fish, or pre-cooked breaded and frozen,

A comprehensive chemical evalnation will be conducted.
This will include analyses tor proximate composition, wmino
acids, fatty acids, cholesterol, essential minerals, vitaming
and gross energy. Variations in chemical composition within
species which may be related to size, season, feeding regime,
genetic trait, processing methods, or other factors will be
determined,

Precessing variables that may  affect guality, such  as
slaughter methods, time and temperature conditions in the
processing plant, packaging and storage methods, bacterial
yuality of the initial and final product, plant sanitation, and
others will be investigated.  Objective tests for quality will
be made in bacteriological, chemical and physical factors
which are related to consumer acceptance.

Product modifications that appear to improve aceept-
ability will ultimately be evaluated by consumers,

Priority:  Species such as clunnel catfish have excellent
yield potential but are unfamilinr to many consumers in .
the United States. To gain new consumers, these fishery
products must have a high level of aceeptability. Fhe pund-
related off-flavor probicwr deserves immediate attention,  In-
formation on consumer opinions about  freshwater  fishery
products will be obtained as quicklv as feasible; and methods
to provide products to meet the consnmers’ wishes and to
stabilize the quality of these products will be developed.

SMY Distribution
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Title: New and improved fishery food products.

Priorities: Short term 2; Long term 1,

Objectives: To develop new fishery food products, such
as minced fish blocks; breaded readv-to-eat fillets; pickled
fish; canned fish; pre-cooked frozen fish: development of
convenience jtems such as sansage, stuffings. and croquettes;
ingredients for deviled or stuffed crabs; fish stew, gumbo,
and jambalava. Considerable work has been done on can-
ning catfish and  pre-cooked frozen fish, however, little
atteation has been paid to other frestavater species that
might be frozen or canned successtully,

Situation Evaluation: [nformation is needed on the de-
velopment of new products such as pickled fish, fish pastes,
and fish sauces. Work is necessary to determine suitable
enzyme svstems for production of such pustes and sanees,
and development work would be indiated on o process for
producing pickled freshwater fishery products. Work with
other fish species has indicated the possibility: ol preparing
food binders from fish flesh.

Labor saving methods for processing arve vitallv necessary,
Mechanical (or chemical) procedures Tor sorting. sizing, con-
veving, deheading, gutting. skinning or scaling, filleting, de-
boning, washing, wd packaging should be developed or
adapted from existing equipment or methods,

Procedures for use or disposal of solid and Tiquid plun
wastes, which comply with Environmental Protection Ageney
(EPA) regulations, must be made available for the industry,
Until recently most freshwater fish processing plants were
not affected by government regulations on waste disposal,
but subsequent to June, 1974, mandatory guidelines estab-
lished by the EPA apply to all fish processing plants.

Developments in areas which aflect quality of the raw
product are needed.  This includes improvements in tech-
nigques of harvesting,  banling and handling fish prior to
processing,

Research Approach: The research approach for develop-
ment of a single new fishery food product will be used as
an illustration of how this phase of rescarch will be ap-
proached. The first step in any new product development
program involves procurement of a large number of re-
searchable ideas. Some few ideas as to possible new fishery
food products have been enumerated in the objective see-
tion, but they are onlv to illustrate the tvpes of itetms con-
cerned in this research, Other new product ideas will be
gathered from traditional sources, suchi as magazines and
journals, conversations with people in the trade, discussions
with other technologists involved in varions arcas of related
research, and discussions with honsewives concerning fishery
products they would like to purchase,
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Researchable ideas will be disenssed and the most prom-
ising will be selected for further development.  Laboratory
prototypes of the new products will be developed and sub-
jected to chemical, microbiological, physical, and organolepti-
cal evabtions. Based on these tests, the products will e
improved and second generation prototypes will be de-
\:-lnpul and consumer aceeptance  tested. The  consumer
.l(((] ace lests will involve development of ahout 200 to
250 s.un.)l(s and this test will be condueted by placing
tnml puulu(ls in normal household situations for consump-
tione and evaluation,

Biseed on - the results of consumer aceeptance tests, further
praduct improvements will be made in the laboratory and
efforts. will be made at this point to interest commercial
firms in production and minket testing of the producte.
Throughont the development of new products. economic
and teclmological feasibility  studies will be  carried  out
to evalute the possibility of commercialization of the prod-
nets with resultant benefits to consumer and industry.

Development of procednres for waste disposal that com-
ph with FPA guidelines will depend to a large extent upon
finding  cconomical uses for solid processing waste.  This
not only will reduce the expense of waste disposal, but will
chidinate o large portion of the waste.  Measurement of
amonnts ol varions materials in effluent from various proce-
esang operations will be made as an iitial step. Subse-
quently. procedures will be developed that will reduce the
concentration ol ceritical materials in the effluent to ac-
ceptable Tevels,

Deve |o|mw;:l of processing methods for new  products
will require estensively equipped Taboratory facilities and
pilot plat facilities. For example, to (|v\('|up i ])I()((‘(]Ill(‘
lor smoking fish, a smoker with equipment for measuring
interual Hesh temperature is essential: to (l(‘\(-lup time and
temperatare |(-qu|um(nts for thermal pmu'.s.sm;, of fish
products, various types ol stewn retorts with thermoconples
for measaring internal can temperabire are necessary: to
work with minced fish products, a fish deboning machine is
mlunv(l processing freshwater fish waste into h.sh meal will
ree (|um- a laboratory model steam drver, Ti addition to these
major items or equipment, facilities for packaging, storing
and chemical, micrabiological, and sensory analvses of fish
produets are necessary,  Because of the extensive require-
ments for lacilities, as well as rescarch personnel, this re-
seareh arec mnst e shared by several Taboratories.

Peiority: The development of new and improved fresh-
cates fishery food pm(lmls‘ has been assigned o short and
for s term priovity of 1, indicating a degree of urgeney in
the clevelopment of new products, such as ready to-cat
Ireaeled fillets, minced fish Dlocks from fish frames, pickled
G canned fish, stews, gumbos, and convenience items such
' .‘uh sansage, stuallings, croquettes, and ingredients for

I(-(l erabs and similar products. Development of  the

vy to date Tas been hased adimost exclusively on fresh

irozen fish, and other similar products. New products
i as precooked, breaded  frozen fish, readyv-to-heat-and-
ot tishe croquettes, and similae convenience tvpe foods are
<wotial for the ill(lll.\'ll"\' to grow and prosper in proportion
‘o v potential.

SMY Distribution

1974 1975 1975 1980
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Title: New and improved non-food fishery products,
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Priorities: Short tern 2; Long term 3,

Objectives: To determine economical uses for freshwater
fish processing by-products.

Situation Evaluation: Processing waste coustitutes approxi-
mately 40 pereent of the \\'(-1g_,ht of chinmel catfish, and
presently the industry is realizing relatively little cconomic
return frons this by- pmduv Fish processing waste should
make o valuable uwu'(lwnl for fish or livestock feeds, con-
sidering the pwsvnl high valne on marine fish meal.  In-
formation is needed on the biological value of freshwater
fish processing wastes in various fish and animal rations, the
effect of this material on sensory quality of the flesh of the
animal consuming it. and the technology o processing the
witste into meal or other forms of use in animal feeds.

Processing wastes may also be used as ingredients in foods
for non-food animals. such as pets or fur animals. Additional
uses mav inchide bait for cravfish or lobster traps, sources
of ph.nm.lwlllu'.l] products such as insulin, protein hydroly-
sates for bacterial medin and other purposes, oils for cos-
metic or food industries. and possiblv o number of others.

Technology for processing these wastes into commercial
forms will have to be developed. Also. the logistical asprels
of supply, transportation, aud plut site for processing waste
materials must be investizated.  The ceonomics of pracess-
ing waste into a potentially valuable product will have to
be evaluated,

Economical uses of freshwater fish processing waste woukl
Slll)\t.lllll.l"}' reduce processing costs and, consequently. the
retail price of the fish.

Research Approaches:  Chemical evaluation of processing
waste from the various freshwater fish that are being enl-
tured commercially should be the primary step. This should
include detailed analvsis for nutrients, Tatty acids, and com-
pomds of potential value such as hormones. Variations in
waste composition with harvest date, size of fish, feeding
reginies, and species, shonld be determined,

Subsequently, biological evaluation of waste materials in
various fish and animal diets should be made. This should
Oclude feeding trinls with semi-purified  diets to - evaluate
specific nmtrients or other components. Also, practical diets
should be tested for food fish species. swine, poultry, and
pets. The wastes should be evaluated commercial eray-
fish and lobster traps under practical conditions and  the
catches compared with those from conventional Daits,

If freshwater fish wastes have potential commercial value,
such as in the form of fish meal, technology converting the
nuterial 1o marketable form mnst be established.  This may
involve one or more of the operations of dehvdrating, ex-
tracting, (l.ull\m;, concentrating, pasteurizing, p.ulu]v sepit
ration, p.ul\.q_,lng. and conveving,

The economies of pracessing waste should be stndied con-
comituntly  with  developing  technology.  Identification  of
location and size of supplies of wastes should be made.
These factors would he important in (l(‘tmnnnm;., the most
feasible location, size, and tyvpe of waste processing plants.

Priority: Essentially no cconomic benefit is presently de-
rived from processing wastes from freshwater fish processing
plants, and this by-product represemts approximately 40 per-
cent of the weight of the fish. Valuable uses for” this ma-
terial must he pm\l(lo(l immediately to reduce processing
costs of freshwater fish,

SMY Distribution
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Title: Quality maintenance in marketing fishery products.
Priorities:  Short term 2; Long term 4,

Objectives: To determine the oil composition of fish dur-
ing various scasons of the vear and how oil compuosition
is influenced by various feed formulations; to develop de-
pendable chemical, physical, organoleptic, and microbiologi-
cal tests to assess the quality of fishery products; to evaluate
the need for anti-microbial agents in fishery products; to
investigate quality changes in the product during storage,
and determine the role that proteins play in these changes;
to investigate  rancidity - development during  production,
processing, storage, and muarketing of fishery products; to
investigate puckaging material most suitable for preserving
the quality of fish products; to develop quality control piro-
cedures to insure high quality fishery products,

Situation Evaluation: It iy hyvpotherized that varions in-
gredients used in fish feed formulas infloence to a large
degree the ultimate oil composition of fish, A better knowl-
edge of this relationship would dictate animal or plant pro-
tein supplements to be incladed in the formula to produce
more desirable characteristics in fish, For example, marine
fish meal as a part of the diet mayv praduce oil in the fish
with a large nmwber of double bonds, which is desirable
from a medical standpoint.

There have been numerous tests develuped to assess the
quality of fisherv products: chemical, physical and micro-
biological, and e results correlated  with organoleptical
evitluations. Some apply to certain species, but not 1o others.
For example, the tri-methvlamine nitrogen test works well
with cod but for other species not containing tri-methvlamine
oxide the test is not applicable. The test for indole works
well with species containing large amonats of tryptophan,
but in species with little tryptoplan, the method is useless,
Dependable methods st be developed  to assist plant
grality coutrol personnel 1o improve product quality.

Fish during processing, storage, and narketing are sub-
ject to contamination l)_\' microorganisms,  This  microbial
contamination may consist of pathogens and toxigens, as
well as spoiluge organisms, In order to prevent food poison
outbreaks and hold product  degradation to a minimum,
cffective  anti-microbiul agents must be found,  Effective
bitctericidal and hacteriostatic compounds are not available
since the FDA removed antibiotics from the list of ap-
proved additives in 1966, A study should be made to de-
termine if anti-microbial agents are necessary, and if so,
which chemicals are offective,

Duving storage of fish, certain quality changes take place.
For example, during frozen storage, denaturation of protein
takes place, thereby altering texture,  Denaturation of protein
also canses excessive drip loss in freshily jeed fish and thaw-
ing fish. resulting in loss of valuable nutrients, The use of
polyphosphates has prevented the loss of moisture during
storage in some cases. A better understanding of the he-
havior of fish proteins during storage is basic to prevent,
or at least minimize, quality changes during storage,

Development of rancidity in some species starts immedi-
ately upon death of the animal and proceeds rapidly. Devel-
opment toalevel detectable by organoleptic means may be
accomplished in 2-5 days, especially it fish are improperly
handled.

Some packaging materials are designed to prevent the trans-
fer of moisture and gases from the product, while others
are designed simply as 2 cover to prevent contamination. Some
packaging materials are designed to package products laving
sharp points o edges and are considerably more expen-

sive.  Requirements for packaging fishery products mst
be assessed and i these requirements are not satisfied in
available materials, suitable materials must he developed,

Firms successful in marketing a consistently high quality
product employ some type ol quality control system, Such
systems include evaluating the product and  process from
raw materials throngh the channels of production, packag-
ing, storage, and distribution, A central svstem must be
devised, including the evaluation of eritical control puoints
and especially an examination of raw materials. A statistical
quality control svstem has been nsed successiully and can
be applied to the processing of freshwiter fishes,  Product
specifications for cach product should be developed and
proven quality control procedures incorporated into the
svstem to make it meaningful, Statistical quality control
limits should be developed to permit production of the
most economically feasible product.

Research Approaches: A thorough studv of culture waters,
harvesting techniques, and pre-handlivg methods s pre-
requisite tor establishing qualite cortiol procedures. Product
characteristics,  chemical  constitnents el microbiological
prafile should be determined for all processed species. Proc-
essing - techniques applicable to freshwater species should
be evaluated, A review ol scientific literture and  state,
federal, and local Taws showdd he made to prevent any nl-
practice inprocessing and o costly recalls of the product.
A quality control system should he developed to ensure
that only wholesome and sale fshery: products reach the
consumer.  Finally, mainteninee of records of the product’s
history, from harvesting (o consumption. should he recom-
mended as a safeguard against public health hazards and
costly law suits,

Priority: This rescarch las been given a low priority he-
cause it s believed that most processors are doing an
adequate job, I this were fomd 1o be wmitrue, e priority
would advince to number one,

SMY Distribution
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Title: Protect food and {eed supplies from harmful organ-
isms and toxins,

Priorities: Short terni 1: Long term 1,

Objectives: To determine the extent of parasite inlestation
of freshwater fishery: products: to determine the incidence
of heavy metals in fishery products: to deteriine pusticides
associated with fishery products and develop methods to
eliminate them; o establish time and temperature: parinne-
ters for processing fish which will meet the Food and Drug
Administration’s  Good Mannfacturing - Guidelines; to - jn-
vestigate the lni('x'ul)inluu) of freshwater fishery products;
to investigate the posiible presence of non-microbial toxing
in freshwater” products: and 1o examine feed supplies to
determine i they contain microorganisins o toxing which
may be transmitted 1o fishery: products,

Situation Evaluation:  In recent vears, evidence has in-
criminated various parasites in fishery products as the cansal
agent in outbreaks of hunan illness, The evidence points
o consumption of raw or dmproperly processed  products.
Regnlatory agencies are tocusing on this problem and are
lwcumiug' increasingly aware of the potential health hazards
associited with the presence of these organisms,

The lethal effects of high concentrations of heavy metals
in food products are well docnmented. Hewvy metals such
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as merenry, arsenie, lead, and cadmium i fishery products
have cansed  considerable concern in recent years among
regulatory agents, the medical profession and fish processors,
For exmnple, high concentrations of merceury in swordfish
estilted i the FDA removing this produet from the market,
Tereby climinating a new and budding industry, - Little s
wnown about the level of these metals in freshwater fishes

- o they may become a problem in processed products.

Corowing freshwater fishes in farm ponds in close proximity

siops treated with pesticides is o real problem. Water

oft and drifts into farm ponds cause fish to become
coataminated with the pesticide,  Correlation between the
Cesticide found in the fish and that used to treat crops can
s useful tool in |)iup()inling the pcstici(l(' source.

As new heat-processed fish products are developed, time
and temperatire relationships must be established  which
vender the product safe for human consumiption.  Smoked
catfish involves a0 new process which heretofore has been
a “hitor-miss™ process which may or mav not render the
product safe for human consumption,  Recent stadies  at
various universities have established ggidelines o follow in
smoking catfish. Other species need to be researched and
similir procedres developed.

The canning of freshwater species is another new en-
deavor in which time and temporature parameters need to
be established, This process bas been determined for cat-
fish: however, a canning procedure must be developed for
all species hefore consumer acceptance can be evaluated.

Little is known about the total microbiological profile of
processed freshwalter fishes,

Occasionally. the addition of food additives, to improve
product  characteristios,  results in formation of toxins in
that product. A good example of this is the addition of
nitrites to smoked fish, In some cases, this compound com-
bines with some metabolic product of the fish to form
nitrosoamines,

Ingredients of fish feeds have long been suspected as
sonree of contwmination: which mav be transmitted to proc-
essed freshwater fishes. Fish meal, meeat, and poultry scraps
hive heen identificd as contributors of Salmonella in feeds.
Fish meals have on cecasion  contained palvehlorineted
bipbenvls (PCRs) through an aceident in processing.  Also
fish meal and other animal and plant protein supplements
have occasiomally contained pesticides. Procedures tor rou-
tine analvsis of these contaminates will be worked out for
the producer so that he can evaluate his feed supplies.

Research  Approaches:  Critical points of  chemical and
saicecbial contamination must be determined and those con-
Cundieaded identified. Corrective measures must he found to
“flectively reduce these contiminates to ¢ safe level. Food
“Aditives and or processing technigues, which may result
o Dirmation ol toxie substunces in processed fishery products,
i he researched to determine il these coudd” become a
dreblem, Processing procedures for new products must be

Surately determined to prevent outbreaks of food-horme

ERTAA

Prinvity: Inorecent vears there has been o significant in-

e i the namber of reported food-borne illnesses. Eighty
1oeent of these cases were cansed by microorganisms i
fovwswhich was probably mishandled. Heavy mietals, toxins,

16

and parasites in fishery products have received much atten-
tion in the last several vears and the fishing i ustry has
suffered severe losses dne to the bad publicity.  This prob-
lem area was assigned a high short and long term priority,
because solutions to the problem are basic 1o the proper
development of this industry,

SMY Distribution
1974 1975 1975 1980
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Title: Food choices, habits, and consumption.

Priorities: Short term 1 Loug term 1.

Objectives: The objectives of this rescarch are to deter-
mine consumer attitudes towards freshwater fish and fishery
products; to determine wavs of describing  differences in
both exterial and internal quality facters of the product;
and to develop product quality guidelines to aid the indus-
try i increasing consumption of freshwater fish and fishery
produacts.

Situation Evaluation: Consumer attitudes toward fresh-
water fishery products ws compared to marine fishery prod-
ucts and other animal protein sources need refinement, The
roles of product appeal and relative convenience of prepara-
tion of freshwater fishery products need definition,

Research Approaches:  Consum r attitudes toward fresh-
water fish and fisherny products vill be determined  from
personal interviews, household suveys, and other appro-
priate technigques for this tvpe of sesearch, The information
to be obtained will include the extent and frequency of
use, ways the products are prepared. degrees of satisfaction
or dissatisfaction with the products, reasons why some con-
sumers never purchase and use the product, and what can
be done to correct any dissatisfaction on the part of con-
sumers,

Literature should be reviewed and the state of knowledge
determined. Experiments will be designed to vield informa-
tion which can be applied by industry.

In order to evaluate differences in external and internal
quality of fish and fishery products, it will be necessary to
develop  objective physical,  chemical, and organoleptical
methods for evaluating these parameters.

For example, it will he necessary to have a satistactory
anethod for evaluating moistness, color, texture, flavor, et
Once important quality: criteria: have been identified  and
methods for measuring them have been developed, various
levels of these quality attributes can be studied in terms of
consumer reaction to them,

When consumer attitudes toward the product have heen
documented, guidelines can he developed to aid industry in
producing those fish and fishery producis which will be
consumed in the l;n‘g(-sl quamntities.

Priority:  This work has been assigned both short term
and lTong term priority numbers of 1,

SMY Distribution

jpa 1974 1975 1975 1980
< Base No_Inercase_ 109 Increase MRecommended
703 0.00 1.00 1.00 2.00
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MARKETING RESEARCH AND ECONOMICS

Introduction

Marketing and cconomic research for aguatic food animals
lias heen very limited and incomplete when c-nnp.uvd to
that for other food animals. Increased research in these
fields is necessary for caltured fishes to attain a position in
the market pl.lu' that is now enjoved by other fishery and

livestock products.

Both marketing and cconomic research should be aligned

with other research areas for aquatic food animals nulu(lnu_,
production techniques, management,  discases, and product
development so that cach can be evaluated in terms of the
other.

Rescarch into different enlture methods is of little value if
the methods indicate slight chances for economic success.
In turn, the development of new markets cannot be ander-
taken i sufficient production and  processing capacity do
not exist or fail to show the long term potential for profit.

Increases in production throngh methods such as polv-
culture, diversification of  svstems, and  interactions with
other farm enterprises all must be considered as areas of
rescarch when demand characteristics are established and
market and economic rescareh indicate that the increases
are wirranted.  Further consideration must be given on
how factors such as extended fisheries jurisdiction, statistics,
and market identification will assist in the growth and de-
velopment of the cultire of aquatic food animals.

Title: Supply, demand, and price analysis o crop and
animal products — demand  elasticity for aquatic food ani-
mals in selected markets.

Priorities:  Short term 1; Long term 1.

Objectives:  To gather information on consumer buving
patterus at various price levels in [)()l('ll(i;ll market areas for
aquatic food animals,

Situation Evaluation: Production of aquatic foad animals
has historically: been more expensive than other fish prod-
ucts, and pm(lu(ts such as beef, pork, and p(mlh\'

Becanse of the reltive newness of the fish Tarming in-
dustry, these products have not ('n]uw(l long term .uwpt-
ance in the market place. Retail prices and demand
farmed fish products are directly related to fluctuating pm-
duction costs and to changes in price levels of competitive
food products. Since farm-raised fish are usually processed
and retailed throngh supermarkets, fish markets, and res-
tanrants, demand  characterization might be established  in
all these markets: however, the majority of foads consumed
are purchased  at supermarkets which  indicates  that  re-
search should start with these outlets.

Little is known about those markets which have the
highest demand for farmed fish and at which price and
quantity levels optimum profits can be achieved.  Tnforma-
tion on the effect of consumer education to stimulate demand
at different price levels is also lacking for aquatic food
animals,

Research Approach: A determination of thase narkets
having the greatest potential for farmed fish should be made,
In these selected market areas price and quantity relation-
ships should be established both without advertising and
with different types of advertising or educational efforts.
Price levels and advertising miethods used should he evalu-
ated on the basis of industry production, costs, and advertis-
ing capabilities.

Priority:  Demand patterns are increasingly nnpml.mt in
the overall development efforts of the fish farniing industry.

Long term value will he achieved as production costs and
management practices improve to reflect differences in re-
tail price levels.

SMY Distribution

RPA 1974 s 1975 1980
Y Base  No dnerease 109 Increase Recommendid
506 0.00 0.00 0.05 1.5}

Title:  Economic analysis of aquacnltaral production and
processing,

Priorities: Short term 2; Long term 2,

Objectives: To integrate cconamic data on varions pro-
duction systems with data on economic wllv eflicient process-
ing units in order to establish optimum: svstems for meeting
consnmer denumnds,

Situation Evaluation: Consumer prelerence ultimately de-
termines the size of any industry, The consumer is not aware
or interested in the t\p(- of ]nn(lu(lum or processing unit
nsed, Gualitv, price. and availability are factors influencing
consumer pmch.lsc decisions. The fish processor changes
the form of the product and makes it availuble when the
consumer desires to purchase. Within these ntility: functions
processors face innumerable coonemie decisions, Under ex-
isting health regulations fish processing must begin with a
live fish, thus, plint location is determined by produetion
arcas. The saleable product from processing represents only 60O
pereent be weight of the prodoct pm(h.md by processors.
With small scale processing operations the qu nmt\ of waste
is insufficient to warrant {nrther processing into feed in-
gredients or other prodiucts. Research into economies ol
seale could indicate the optinnam Tocidion and size of plant
to minimize processor maagins with Tull veturns to all input
factors,

Aquacnltaral pm(lmlum invalves womvriad of orginisms
cach with relatively nnigue Biological harhitat l(llllll('lll(‘lll\
Catfish require a0 water temperature above 60 F, while
tront require cooler wider, Some fish species veqguive con-
plete rations while others feed on micro-organisis in the
pond. Coupled with the maltiplicity of species and speeies
combinations are the (li\'vrw production svstems including
ponds, tanks, racewavs, cages, and others, There is no one
uptnnum pmdn(lmn .uul enlture susten for all aguatic
organistes. Given production: constrains of phvsical terrain,
.u.u].llnht\' and ity of water. soil tvpe, climatic factors,
investment capital. quantity and quality of available Tabor,
and preference of managers, unique optimum individual fish
production svstems can e determined. Prodncers bave nire-
ket opportmities in addition to sales 1o processors, Iro-
duction svstems to stistv fishont, Tivelhanl, restrants, or
other markets would not pecessarilv: beidentical 1o ity
developed for sales 1o processors. For Jong term growth
in the industre Turther penctvation into institational andd
supermarket s.l]u must be made. Growth of the industey
and growth i I Processing are: svnonomous, Production for
Processar s.ll(' ideallv requives vear vonnd - production of
fish with a stable snppl\ processed.

Rescarch Approach: No state has all the varions aquatic
organisms wnder prodoction, nor does any state have snf-
ficient imumbers of production mits of each type for de-
tailed analvsis, Coordinating research efforts to avoid dupli-
cation should be undertaken.

Three levels of economic research are unignely involved
in aquatic production and processing. Production svsten:
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mnst be designed with recognition of consumer preferences
as expressed by processor demands for the product.  The
relationship between production and processing is crucial
in rconomic analysis,  Consumer preference for fresh over
frozen fish as expressed by price differentials must be great
enongh to warrant development of systems that will ensure
aosnpphe ol tresh fishe As with all products; production,
awarketing, and consumption nust be considered simultanc-
asdv. Bevond production and - processing. however, the
bicader questions of equity must be analvzed. Tn effect,
sho i society benefits from the development of an aquacul-
ceral svstenn The impact and incidence of changes in em-
phovinent and income resulting from: expansion of aguacnl-
se shonld be evaluated.  Consideration of impacts at the
arm, indnstry, regional, and national levels can be ntilized
to determine the overall economic feasibility of the svstem,

Priority: With fixed land vesources and increasing input
conts, maximum food and fiber production must be obtained
fram resonree use. The urgent need for food supplies, espe-
cruly protein, in lesser developed countries indicate a high
privrity need for basic cconomice svstems research in aquacul-
ture, The complexity of the multi-dimension nature of aqua-
cultural economic research indicates substantial SMY's should
be devoled to varions aspects of the problem,

SMY Distribution

RPA 1974 1975 1975 1980
o - Base No Inerease 10% Increase ”l'('l)!!l_]ﬂtf”(’}('dv
506 1.28 1.28 1.80 1.50

Title:  Competitive interrelationships in- agriculture com-
petition of pond-raised conmercial catfish with other farm
cuterprises,

Priorities: Short tenin 3; Long term 3,

Objectives: To estimate the extemt 1o which commercial
catfish compete with or are complimentary with other farm
enterprises in the use of critical resonrees,

Situation  Evaluation:  Modem agriculture s ('ill)i(il] in-
tensive.  Commercial catfish production is an even more
capital intensive enterprise. The current high cost of capital
and other resources (lnbor. feed, wd nimagement) requires
that the greatest economiz efficiency possible be achieved
in the allocation and use of these resomrees.

While there have bheen many studies of conventional farm
ormanization and vesource nse, and limited studies on the
catfish enterprise, there have been no studies that concen-
trated on commercial catlish as one of several alternative
crops on suitable Tars,

I commercial catfish were found to be complimentary or
supplementary with respeet to one or more nijor resonree
dand, Tabor, or management) ansd highly competitive with
none, substantial cost savings might be possible, On the
<ther hanel, i commercial eatfish are highly - competitive
<ith wiher enterprises with rvg;u‘(] to one or more major

~onrces, costs might be expected o rise even higher as

Aaeers comtinme to bid for these resources,

fonearch Approach: Commercial catfish enterprise “hudg-

can be developed similar to budgets tor other farm
sprises. These budgets, one for cach appropriate situa-
e dong with budgets for other enterprise will provide
Lo needed  information for - mathematical — programming
ahvsis that will satisfy the objective for alternative re-
sonree situations,

Conventional linear  progranmming  techniques  currently
availuble e adeguate for obtaining such solutions.  The
major 1eseareh efforts shonld comeentrate on- developing the
aprpraite detailed information: concerning alternate meth-

1%

ods of producing commercial catfish, Such eftorts (and ex-
penditures of funds) seem justified since such o model would
allow resource owners (farmers) to maximize their net re-
turns to all uses including catfish,

Priority: This cffort should be assigned a high priority
since estimates of the cost of production under various re-
source situations are critical in establishing the  competi-
tive position of farme-raised catfish in the market place,

SMY Distribution

ppa 190 1975 1975 1980
o Base _No Inercase 109 Increase. Recommended
507 0.03 0.50 0.50 0.50

Title: Identification of markets for catfish producers —
development of domestic markets for agquacultural products.

Priorities:  Short term 1 Long term 1.

Objectives:  To combine information from federal, state,
and local levels on a timely basis to provide current and
projected sapply and  demand information for catfish pro-
ducers.

Situation Evaluation: The National Marine Fisheries Ser-
vice provides information on domestic production and im-
ports of catfish on a monthly basis. The Catfish Farmers of
America publishes a list of catlish producers, processors,
and live havlers who are members of the organization. The
Cuoperative Extension Ser ices of several states have special-
ists in catfish production and marketing, who serve as a
clearinghouse for market information. None or these organ-
izations or individuals wholly meet the needs of catfish pro-
ducers or buvers,

The marketing svstem for catfish is chavacterized by the
dual nature of catfish as w sport fish and as a food fish, Dur-
ing certain periods of the vear recreational sules are strongly
competitive with food fish sales. Principal buvers ol cat-
fish can be identified as processors, local retailers, live
haulers, and individuals. Direct sales wre also made to res-
tavrants and Jocal fish markets. Live haulers may re-sell
fish to any of the other market sectors. Processor sales are
directed to all sectors except the recreational markets,  Lack
of producer information regarding supply and demand situa-
tions have restricted growth of the industry, Approximately
half of the production acreage in Alabama was planned for
commercial production, then converted to other uses when
markets for the fish conld not be found.

Research Approach: A complete inventory of all exist-
ing production facilities, including existing stocks,  should
be conducted. An inventory of all catfish buyers, including
brokers with pass-through functions with o detailed  de-
seription of the seasonal, location, quality, quantity, and
portion control needs of cach, should be computed. A func-
tional wnalvsis of the marketing svstem including costs of
product utility changes would identify inefficiencies in the
market svstem and clarify the role of each marketing sector.

Basic supply and demand interactions should be investi-
gated to determine the response capability of catfish pro-
duction and marketing. The degree of consumer response
to changes in product prices has not heen determined. The
presence of only eight major processors indicate a trend
toward concentration in catfish marketing, however, proc-
essors purchase less than 35 pereent of total production. The
marketing margin between pond banks and  grocery store
shelves is more than 100 percent with a substantial portion
due to 40 percent weight loss in processing.

Priority:  Marketing problems were ranked number one
arvong catfish producers and processors in 1970 and 1974,



Production and processing problems are interrelated, how-
ever, growth in tha industry is hampered by lack of data
regarding market source. A mechanism for - establishment
of an information clearing house should have high priority.
Additional economic  evaluation of the catfish marketing
system to establish efficiencies and to reduce  marketing
margins should also have high ranking in the catfish research
priorities.

SMY Distribution

npa 197 1975 1975 1950
HPA Base  No Ierease 109 Increase Recommended
508 1.30 2.00 2.00 4.00

Title:  Improvement in uqu;wnl(urc statistics — investiga-
tion of a system for proper collection of aquacultural statistics.

Priorities: Short term 1; Long term L

Objectives: To establish a method of collection of aqua-
cultural statistics necessary for researchi and use by pro-
ducers, associated indnstries, and government,

Situation Evaluation: The uqmwulturnl industry in the
United States is relatively new when compared  to other
farm enterprises, and becanse of its short history many areas
of information about the industry have not been established.

There are numerous federal, state and local governments,
as well as private groups, attempting to assist the industry
in its development and growth, Since involvement by these
groups is fragmental and diversified, none has vet assumed
the total respousibility for the initiation and development
of a statistical reporting svstem for the aquacultural indus-
trv.  Some altempts have been and are being made by
several agencies to gather statistics, but these efforts have
heen divected primarily toward the Tarm-raised catfish seg-
ment,

The Natjional Marine Fisheries Service of the U8, De-
partment of Commerce currently reports processed catfish
statistics and colleets vearly production data in cooperation

with the Fish and Wildlife Service of the Interior Depart-
ment, USDA’s Soil Conservation Service, State Game
Fish Commissions, wnd industry trade groups. The USDA
Cooperative Extension Serviee, State: Departments ol Agri-
culture, and other groups, botli public wand privite. have
made additional attenpts in statistical gathering for indi-
vidual states, both for catfish and other species, to a limited
extent. Becuuse fish production Jrom agnacultare is con-
Si(l('r(’(l i [)I'i\'iltl' YOSOHTCe, l‘l“‘l]l('l' ,)l'(ll))('llls Jare l'l'("‘lt('(l
regarding jurisdiction wnd responsibility of varions agenvies
for statistical collection and reporting,

Research Approaches:  An eviduation of cost inpat data,
production volume. value, and market movement should
be accomplished to determine specific information needed
about ecach. These Tone arcas can be incorporated as the
foundation for a statistical gathering program, Further re-
(uirements of such a program should he determined. incor-
porating the collection of cold storage holdings and other
information to make forecasting possible,

An investigation into the possibilite ol e aguacultural
statistical program being incarporated into the USDA's Crop
Reporting Service sheald be accomplished. It appears at
least initially that this wonld be a logical function e the
Crop Reporting Service il fish farm production is to he
considered an agricultural commaodity.

Priority: It is extremely important tor Al new industries
to be monitored and investigated so that problem areas can
be identified. The size and value of an industry often de
termines the amount and level of research it receives: there-
fore, to quantitatively identity this indnstry an adequate
statistical program must he started and updated onacon-
tinuing basis.

SMY Distribution

RPA 1974 1975 1975 1US0
‘ Base No Inercase 106 Ineiease Recommended
Sl .30 .50 1.00 2.00

AQUACULTURAL SERVICES

Introduction

‘The freshwater aquacultural il;(]ush"\' is presently com-
posed of established producers of various aguacultural com-
maodities  throughout  the southern and midwestern states,
In almost all cases aquacnlture s engaged in as a supple-
ment to cotton, sovbeans, rice, or similar stable agricultural
crop praduction, The production of cultured fish has been
carried on for a very short pvrind of time in comparison
with these other agrienltural products.

Because of this newness of the industry and the great dit-
ferences in production, marketability, distribution, and nan-
agenent between fishery products and agrienltural products
there exists o eritical need for services to the aquacnltural
industry.  Services to provide industry with the necessary
kum\'lv.dgv to create and expand markets for their product
will enable them to establish and develop an industry whose
success or failure is based on saleability to consumer.

Statistical services can provide the necessary measuring
tools that are needed to define establishment and growth
of an industry.  Information and  technical  assistance are
important to a young industry hecause tradition in pruduc-
tion methods has vet to he established,  Innovations and
techniques should he passed on to present s well as po-
tentinl aquacnlturists so that all may benefit from common
prnl)lvm solving.

Title: Marketing services for aquatic lood aninls,

Priorities: Short term 1: Long term 1,

Objectives:  To promote the developmeut ol ireshwider
aulluwnlturv l))' assisting in(ln.\'tl"\' to improve the efticient
movement ol “aquatic food products through the tadionil
food marketing svstem and by educating the public on -
chasing, handling, and preparation of fish.

Situation:  Evaluation current production ol far-raised
catfish in the United States is approsinately 50 million
pounds live weight.  There e approximately 2,000 indi-
vidual producers growing catfish i at least 20 states Major
markets for farmeraised catfish are in the sonthern and mid-
western states. Primary sonrees of distribution {or farm-
raised catfish are processors (32% ol production, who sell
through distributors and brokers to both retail and institu-
tional customers, live haulers (H of productionm, who sell
almost exclusively to recreational Tee fishing facilities: and
local retailing by prodocers (245 of production). The in-
dustry in recent vears has been faced voith very high pro-
duction costs caused by record prices for catfish feed -
gredients and inflation.” These conditions: have Turther pre-
cipitated consumer resistanee at the retail level,

Competition {rom imported fresh and wiltwater  catfish
has increased substantially over the past several vears, These
products, which comprise a variety of species, are freely

19


http:prolhem.es

substituted for domestic species. Since these other species
ean be produced at a relatively low cost, they are obtaining
aninereasing share of the traditional markets for actoal
Farmed-raised catfish products,

Service Approach: A concerted effort in market develop-

weente consnmer edncation, and  technical assistance  must
be iiplemented to enable the inclustry to maintain its identity
ad o grow. Market development activities will involve
e investigation of new domestic and foreign markets, Mar-
cting ol species of fish coltured in conjunction with cat-
Shesuele s dlapine Gope and baitfish, should he investi-
sateds Cansumer education shondd be divected at increas-
org the consmmer’s awareness as to the difference hetween
pecies s they can make informed  purchasing decisions.
Forther, eftorts should be directed  to informing potential
consumers inonew markets: by the use of food editor -
terials, recipe publications, cookery demonstrations, and pub-
e service spots on radio and television, Technieal assistunce
i the Jorne of market information and  statistics must be
turnished to existing potential new entrants into fish farni-
mg. Market intelligence, including marketing alternatives,
new product development, package design and distribution
practices shonld be supplied to existing members of indus-
by,

Priority:  Market services are needed as anintegral part
of the movement of any commadity from producer to con-
sumer, .\l:u'kv(in_u is of paramonmt importance in the growth
evele of any new produet,

SMY Distriliution
1974 1975 1975 1950
Base  No Increase 109, Increase ) lf«'1'4_5:/":_:1:('{11'/:j(.’___
00.85 0.85 0.85 2.00

Title: Statistical reporting services for acuatic food ani-
mals,

Priorities: Short ternn 20 Long term 2,

Objectives: "To gather, tabulate, wnd report statistics in-
cluding monthly processed production of - farm-raised  cat-
fish and v awmnmal survey of the production of Farmeraised
catfish, tront, and baitfish: emphasizing production, prices,
and market movement,

Situation Fyaluation: Presently there are o number of
species of freshwater fish being cultured in the U.S. Those
having the greatest commercial value and being produced
on a large seale are catfish, tront, and haitfish. Only the
NMES (USHCY s cnrrently engaged i the collection of
statistics on these three species. The NMEFS has continually
collected information on the monthly processed  production
of Larni-raised catfish since 1969, These reports include the
arnomt of fish processed, inventory levels, prices paid to
producers, and imports of {reshwater catfish, There have
heen annuad survevs of the production of farm-raised catfish
completed in 1970, by the University of Arkansas: in 1971
by the NMES, and in 1973 by the NMFS in couperation
with the Catfish Farmers of Ameriea and the Soil Conserva-
tion Service (USDAYL A swvev of the praduction of cul-
fish, tout, and Dbaitfish in 1974 is in progress by the
NMES in cooperation with the CEFA and SCS,

Service Approach: The collection and reporting of proe-
essed farmeraised catfish praduction will be continued on «
moathly: basis. This report will include the round weight
prm-('ssvd. average prices pni(l to prn(lncvrs, inventovies, net
siles, and imports, The yeport will be npdated and revised
as required,

A survey of the annual production of catfish, trout, and
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baitfish will be continued by the Soil Conservation Service
(USDA) at the request of Catfish Farmers of America, until
an investigation of a specific statistical reporting system I)y
the proper agenev of USDA can be completed. Limited
use of management capabilities will he provided by the
FWS (USDI) and the NMFS in this production survey,

Information on this annual survey will include acreage in
production, pounds of fish sold. average prices per pound,
market movement, and alternative methods of production.
This report will also be revised and updated as necessary.,

Priority:  Statistical information on aquatic food anjmals
is needed by industry members, government, university, and
private groups as well as the public for use as a justification
for research projects, private and public expenditure, and
as a tool for the measurement of industry: growth.

SMY Distribution
1974 1975 1975 1980
Base ~No Increase 10% Increase |
2.00 2.00 2.00 2.00

Title:  Information and technical assistance 1o food fish
producers,

Priority: Short term 1, Long term 1.

Objectives: 'To provide information and services to per-
sons, agencies, and corporations interested i fish, and aegui-
culture, to perform diagnostic disease and manmgement ser-
vices, and to compile teehnical information for use by fish
producers and related industries,

Situation Evaluation:  High product denind, increasing
costs of feeds, chemicals, and other materials, decreasing
Tabor supplies, and shrinking profit margins have combined
to inteusify management problems and practices. This has
led 1o the need for up-to-date information on Lushandry and
marketing,

The hushandry and marketing practices of taday have
developed essentially during the Tast quarter centary, Some
of these practices are inefticient; others are uot known hy
all nqlmcn]lurisls. Some new pr:l(-licvs and tovlmiqn('s are
heing developed.

Extension specialist. are seeking to reduce management
problems and increase profit margins by providing informa-
tion and technical assistance to food fish producers. In the
future: aquaculturist will not he dependent on out-dated
recommendations or inaccurate or misleading  information,
Answers to questions on feeds, disease, water management,
pesticides, harvesting, and a multitnde of other problems
can be provided by trained persons possessing the hest in-
forntion,

Service Approaches: Adequate assistance to fish producers
and related industries requires specialists in disease diagnosis,
and fish hushandry.  Dissemination of their knowledge and
advice is made by personal contact, letter, radio and TV,
public appearances, referrals, news articles, and  scientific
publications.

Priority: Growth of the domestic tood fish industry hag
been phenomenal during the last decade, Continued  ex-
pansion of the industry s cortain, It is essential that food
fish producers and those persons in related industries be
provided information and technical assistance that will in-
sure high productivity with a reasonable profit margin.

SMY Distribution

1974 1975 1975 1980
e Base - No Inerease 0% Increase  Recommended
4.00 4.00 1,00 G.O0



CRAWFISH

Introduction

The potential of crawfish as human food s great, hut
this aspect of aquaculture has heen greatly neglected. This
fact was emphasized at the First International Cravfish Sym-
positm in Austria, September, 1972,

A total of 44,000 acres were devoted to crawfish farming
in Louisiana alone in 1973, By comparison, approximately
55,000 acres were devoted to pond enlture of catfish in the
United States in 1973,

Crawfish offer great potential as aquatic foud crops, They
can be grown on Land wnfit lor traditional agriculture, or
fish culture; there is direet development from voing o
adult, and there are no larval stages to contend with as in
marine shrimp,  Newly hatched voung can be grown o
market size in 3 months, making several crops @ vear pussi-
ble; and production of 1,000 pounds per acre can be real-
ized without artificial {fertilization  or feeding, A market
value of up to 65 cents a pound live weight, with an aver-
age of 35 cents a pound, make crawfish farnning profituble.

In spite of the above advantages, crawfish forming is still
a trial and error process, and rescarch s hadly needed.
The Louisiana Crawfish Farmers Association has  ontlined
various research priorities.  Some of these prioritics, such
as marketing, are being studied by ather workers and will
not be included in this proposal,

Title:  Improvement of biological efliciency - agriculturad
by-products as supplemental feed for crawfish,

Priorities: Short term |; Long term |,

Objectives: To determine if agricultural by-products can
be utilized as feed by crawfish,

Situation Evaluation: Highest production of crawfish con-
sisteney comes from ponds that first produced crop of
rice. Following vice harvesting ponds are reflooded,  Craw-
fish feed on (t-cu.\'ing rice stubble and on periphyvton as-
sociited with the stubble.  Thus, donble-cropping of rice
and crawfish is possible, Besides vice stubble, other agricul-
tural by-products show promise. Tn laboratory studies, sweet
potato vines and lrinnnings were fed svpur;lt(-l_\' to o craw-
fish and they grew well on sach a diet, when lield in con-
tuiners with soil and water, s

Several questions should he answered it agricultural by-
products can be used commerciallv, s the be-product nu-
tritious? What volume of the by-praduct is available? Wlhen
is it available? s it cconomical to get out of the ficld and
what care is needed to handle it?

From proliminury work comes some answers to these
queries,  Generally, to be natritious the by-product must
have a C:N ratio of 17.1 or lower. The potential volume
of the by-product would depend on the specific crop and
on the state or area. By-products are available in the fall
and winter months when most crops are harvested and al
a time when voung erawfish wie beginning to grow,

If certain by-products prove successtul as fodder for eraw-
fish, crop farmers and crawfish farmers can benefit immedi-
atelv. No sophisticated feed mill or drving process is needed.

Research  Approaches:  Various agricultural by-prodnets
screened in the Taboratory, will be tested us feed Tor craw-
fish in ponds. Water quality, particularly oxvgen, will e
monitored.

Priority: This study should be given increasing priority.

SMY Distalation

1974 1975 1975 1950
Base  No Duerease 10S Inerease Recommended

RPA
311 0.00 0.00 0.25 0.50

Title: Population dvianmics of erawlish - improvernent ol
hiological efliciency.

Priorities: Short term 1 Long term 1,

Objectives: To stady the population dyvnmmies ol eraw -
fisle in ponds for improved managenent,

Situation  Evaluation:  Currenthy erawlish Lrmers seed
their ponds with brood crawfishe i the simmmer, wnd produge-
tion is harvested by trapping in the tall. Theee is o control
over crawfish recrnitinent, and virtnalv nothing is hnown
about population dynamics as related o managenient.

Research Approaches. Crawlish shonld he simnpled weekly
in production ronds ¢ deteraine when wravid fenales are
found: when voung are recmited. od cotposition: ol size
classes. From these data interpretations witl he made s to
time to begin and terminate harvesting, and quantits of craw-
fish to harvest,

Priority: This study shonld have high priorite so that cur-
rent management G be iproved,

SAY Distrilintion
RIPA 1971 1975 1975 1980 ]
’ Base No dnevcase 1000 Inewcase Becommended

311 0.25 0.25 025 1.50

Title:  hitensive cultire improvement of biological ol -
ficieney,

Priorities: Short tere 20 Long tenn 2.

Objectives: “To develop culture techuigues for arowing
crawfish in tanks.

Situation Evaluation: 1 past vears there was wide spread
interest in intensive cultine of penaeid shoimp. This has not
proven feasible becanse ol the many Lerval Stages innolyeld
and becanse cach Tuud spedilic feed equirements, Vaero-
Draclivm culture carrently has wide spresacdinterest and
shows nich pronnse. Crawlish cudture ine tanks also e
real potential:  developinent from eog to adult s divedt
with wo larval stages: live food s requined: cradish
citn be grown to market size in 3 months, allowing Lo e
to four CTOPS i vear,

Research Appreaches: Crawdish will be steehed in Laiks
to evaluate stocking vates, feed requitements, wider qualin
requirements and other pararneters, 1 sieecesstul, the studh
would ultimately be expaoded o studs feed requivements
in more detail. Crawtish parasites nd diseases ad - their
control, and breeding wonld be stadied.

Priovity: This studv is coremty not ol high priovite he-
cause  crawlish are ceneralv wown i porads. Towever,
aquacnultire with other species nadicates that inteosive end-
ture: has read potential,

SMY Daviribution
RI'A 1971 A _I‘l,'f) 19850
Base No ucrease 106Gy Inerease Beconomendied
311 (.00 (0.00) 0.2n 1.00)

Title:  Production awanagement svstems polvenlture ol
crawfish with other species,
Priorities: Short terin 2: Loug term 2,

Situation  Evaluation:  Crawfish show potential for enl-
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tare with other species such as catfish, which could be cul-
tured in cages and crawfish in open ponds, Crawfish would
ntilize uneaten catfish feed and thew solid wastes. Hope-
ballv totad production: would incerease, and crawfish, acting
s buological filters, would improve water quality. Poly-
colture of catfish and crawfish conld be accomplished  im-
mediately with no najor adjustments. Crawfish also may
have |)ul(-nliul in raceway svstems, Ril('(‘\\';l)'.\' on the tail
end sually: ase poor production: because of the huild up
ol wastes and erawfish may have potential as biological
filters.

Research Approaches: Catfish could be stocked in cages,
while crawlish conld be stocked in the siwme open pond,
Other treatments will include both catfish and erawfish in
apen ponds, Controls would include catfish and  crawfish
stoched separately in ponds,

Prioritv: This project is not urgent, However, pm(lucti(m
ob erawfish onawider seale could greatly inerease if poly-
cultire is suecesstul,

SMY Distribution

nra 1974 1975 1975 1980
‘ Base — No Inercase 10 Increase Becommended
a3 .00 0,00 0.00 (.50

Title: Mechanization of structures — harvesting technigues.

Priorities: Shart term 1 Long term 1.

Objectives: To evaluate enrrent harvesting technigues and
to determine better methods,

Situation Evaluation: Over half of the gross income from
a erawfish pond goes to the tapper. Crawfish are Tarvested
by trapping with wire mesh traps. The pond owner usnally
leaves tapping rights for one-half the narket price, This
“labor™ s nost |||||)r('(li('l;l|)lv and unreliable.

Research  Approaches:  Carrent harvesting technigunes
shonld be improved it possible: and hetter baits and attract-
ants should be evaluated incrawfish traps. New harvesting
techniques, such as trawling, could be tricd where nonds
will be fertilized to shade out aquatic phads, Pond hottoms
will be smoothed to Tacilitate trawling,

Priority: “This study is very: much needed. Crade har-
vesting lechniques and unpredictable high-cost Tabor reduee
profits,

SMY Distribution

jea 19T 1975 1975 1980
: Base No Iuerease 109 Inerease: Reconunended
ST (1.00) 0.00 .25 0.50
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Title: Production of fishery products with improved ac-
ceptability — Iron - sulfide  discoloration in - cooked  erawfish
and its prevention,

Priorities: Short term 2; Long term 2,

Ohicctives: To identify the mechanism of iron sulfide dis-
coloration in cooked crawfish, and to determine the neces-
sary additives and processing conditions essential for pre-
venting such discoloration,

Situation Evaluation: The situation encountered with ther-
mally processed crawfish is somewhat different than for other
fishery products in that the meat itself turns black. Elevated
temperatures may pvrmit nuturu"y ()ccnrring metals in craw-
fish to be liberated from their sites and combine with sulfur
found in certain amino acids, producing iron sulfide, This
does not involve health or safety, but results in loss of prod-
uct appeal.

Research Approaches:  Various temperatures would  be
used in cooking tail meat in combination with selected food
additives in an attempt to prevent the discoloration.

Prioritv: This should have high priority. Il markets are
to be expanded, aceeptance of new product depends onap-
pravance as well as price.

SMY Distribution

RPA 1974 1975 1975 1950 )
T Base  No ll!(»’lj‘(lv\(‘ 109 Im'r:'u.yl_' ”l'('UIIHI’IL'IVI(II'(I
109 0.00 .06 .00 .25

Title: Production economics, supply, demand, and price
analysis, ’

Priorities: Short termn 1 Long term 1,

Objectives: “To determine costs for growing crawfish com-
mercially,

Situation Evaluation:  Economics of crawfish production
is not well known, Oulv rongh estimates are available,

Research Approaches:  Crawfish furmers should be inter-
viewed regarding production costs, which should be com-
pared to crawfish cultured in research ponds, to simulate
commercial procedures.  Expenses, labor, ete. will be re-
corded.  Production costs of crawfish will be determined,
and both gross veturns and returns to lind and management
will he ealeulated,

Priority: This should have high priority. Production costs
should be a foundation on which to fuse other research
prioritics,

SMY Distribution

jpa 1974 1975 1975 1980
e Base o No Ineease 109 Increase Recommended
5060 0.00 0.00 0.25 100
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APPENDIX

Tapre 1. Reseancn Proprest 4.07—Fresuwarer Foovrisit axp Cirawrisi
ny Prtonrries Wern REcosmseNoen Dististrion or SMY'S

SMY
Problems by Short Term Priorities ’PA 1974 Y73 1975 1950
e - o Buse No Inerease 1047 Inerease Recommended

- Freshwater Foodfish

Priority |
Control of external parasites . . A o . . 210 1.60 2.00 2.50 3.00
Protection of cultured animals from toxins in food and water 213 1.30 1.00 2.60 1.30
Improvement in biological efficiency . o - 311 11.10 1.4.90 1.4.490 20.00
Cuvironmental stress in production . . .. . 312 2.17 3.00 3.00 3.00
Production of fishery nroducts with improved aceeptability . 409 0.95 0.93 0495 2.50
Demand elasticity for aquatic food animals in selective markets 506 0.00 0.00 0.03 1.50
Development of dor.estic markets for aguaculture products . 508 1.30 2.00 2.00 100
Improvement in aquacultural statistics . L o o 511 0.30 0.30 1.00 200
Clearance of chemicals for aquaculture 701 0.20 2.55 3.00 3,500
Protect food and feed supplies from harmful organisins and toxins 702 0.50 0.50 .50 1.50
Food choices, habits, and consumptions . St T ¢ Xt B 1.o0 Lo S0
Subtotals . - . . 19.72 295340 31.50 14.30

Freshwater Foodfish

Priority 2
Control of microhial discases of fishes .. J 211 5.25 3.00 3.00 3,00
Control of internal parasites of fishes e . 212 0.50 (.50 0.50 1.30
Mechanization and structures L R . . 317 2.00 0.00 0.00 200
New and improved fishery food products U 410 1.55 1.00 1.00 3.50
New and improved non-food fishery products 11 0.70 0.70 0.70 1.50
Quality maintenance in marketing fishery products . 112 1.00 1,00 1.00 2.20
Feonomic analysis of agquacnltural production and processing 506 1.25 1.28 1.50 1.530
Aleviation of water pollution and disposal of wustes ot 360 360 ] 3,60 7.50
Subtotal 13.85 1108 11.60 2270

Freshwater Foodfish

Priority 3
Production management systems . . 313 5.25 0.00 0.00 1.00
Comparative interrelationships in agriculture : (i 0.03 0.50 0.50 030
Subtotal .. 3.28 0.50 0.50 4.50

Freshwater Foodfish

Priority
Reproduction Performance .. 0 0 . 0 L . 310 1.60 1.60 1.60 3400
Subtotal . .. ... ... . . . I B U 160 160 300
Freshwater food fish totals .. . 4248 4248 45.50 T30
Increase . L o o o - 32,02

Tanre: 2. Reseancn Proprest L07—Fresiwarer Foonrisi asn Ciawiisn
ny Prionrries Wt RECOMMENDED Divtrinvrion or SMY'S

o B ) SMY
Problems by Short Term Priorities ’PA 1974 1975 1975 1980
e JE T Base No Inerease 1047 Inerease H('('()]ll"lﬂlulu(

Aquacultural Services

Priority |
Marketing services for aquatic food animaly 0.85 0.55 0.85 2,00
Information and technical assistance to food fish producers . I K £.00 SO0 G
Substotal 4.85 4.585 485 S.00

Aquacultural Services

Priority 2
Statistical reporting services for aquatic food animals . 2,00 2,00 2.00 2,00
Subtotal O . 00 200 2000 2m
Aquacnltural services total . ‘ 6.85 6.85 6.85 10,00
Increase . . Lo L e N o 305
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Tanne 3.

Restanctt Prostist S07—Fresuwarer Foonristt aNp (‘u\\\'l-‘xsn
" l’m(mnns \\’un Rl((m\u NDED stnnnmm\ oF S\l\ S

5\1\

Problems by Short Term Priorities - -l’__-. —lq, 4 ) 1975 1975 lg..';._)m
o ) u,,__ﬂ__l}_,_':__ Base  No Increase 104 Increase Recommended
Crawfish
Priority 1
upalation dynamies . L 311 0.25 0.25 0.25 1.50
Lorvesting lechniques 0 L 317 0.00 0.00 0.25 0.50
y-products as feed 311 0.00 0,00 0.25 0.50
roduction ceononies 506 _0.00 000 025 100
Subtotal 0.25 0.25 1.00 3.50
Crawfish
Priority 2
atewsive Calture o 311 0.00 0.00 0.25
roduction management systems 313 (.00 0,00 0.00
rodhiction of products with improved .IL(('])ldhllll\ g 00000 000
Subtotal . - 000 L A | 20
Crawfish totals L |- T (-2 B Pt B
Caperease o o . i _ L .
TanLe L Reseancn Prosrest LOT—Fresnwaren I OODEISI Ruseancu
DistiiserioN or Rl SEANCH WY Acieney?
RIA SALS TVA usnI ushe Ko Total
210 0.60 0.20 (.50 1.6
211 1.65 0.0 3.20 5.25
212 (0.-10 0.10 .50
213 .30 0.10 0,90 1.30
701 .20 . 0.20
a0l 0.20 1.6G0 .80 1.00 3.60
310 0.490 (.70 1.60
311 .10 0,40 0.80 0.50 11,10
312 1.537 0.20 0.-40 . o 2,17
313 3,30 0.70 0.00 0.50 0.75 5.25
317 (.20 0.50) 0,30 1.00 2,00
404 055 0.20 .95
10 .55 1.55
411 070 0,70
412 1.00 1.00
702 .50 (.50
703 .. 0.00
306 (.73 0,30 0.25 1.28
Hiin 0.0:3 . 0.03
508 1.1 0.16 1.30
511 7 o020 w0 030
Totals 25.22 150 8,20 3.26 1.00 17 8

he vescineh comsidered by this l.nd\ foree (lml\ \\ltll fn'sh\\.m'l [()()(“I\ll and Lr.l\\fhll .||u| is ]lmlt('(] to the ’mulh( ' Rogion ()f th('
nited Sttes. A nmber of govermmental agencies are u)udmlmg research on freshwater .m(| marine fish, and sport fish ontside the
wuthem Revion. Results of this research is applicd by those in the Southem Region, The direet contributions are diffienlt to guantitate,
oteguenthy they are not incladed in this somumary,
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