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This is the first in a series of information sheets on shrimp mariculture
and its potential in Texas. The material that follows is basically an overview of
what shrimp mariculture involves and its status both worldwide and in Texas.
This overview will be followed by six additional information sheets on permit-
ting, maturation/reproduction, hatchery, pond grow-out, diseases and the
economics of shrimp mariculture.

Upon completion, these information sheets will be compiled and published
under one caver.
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Fisheries...it'’s a big business in the
United States. The dockside value of ail
fisheries is consistently more than two
billion dollars a year {for 1980 it was
$2,237,202,000}. Yet in 1980 the United
States imported $3,648,082,000 worth,
or 62 percent, of the fishery products
consumed here. Importation of fishery
products accounted for 10 percent of
the national trade deficit in 1979,

The shrimp fishery is the most val-
uable of the U.S. fisheries, with most
shrimp being caught in the Gulf of
Mexico. Still, the dockside values of
shrimp imported for U.S. consumption
were $713,238,000 in 1979 and
$719,263,000 in 1980. The value of the
U.5. shrimp catch, in contrast, was
$471,573,000 and $402,697,000,
respectively.

The imbalance is increasing. The
demand for shrimp is predicted to
increase 26 percent worldwide and 33
percent in the United States from 1975
to 1985, This increased demand comes
at a time when harvests are at, or near,
maximum sustainable yields. Between
1977 and 1980, for example, the
amount of shrimp caught by American
fishermen decreased from 476,654,000
pounds to 339,707,000 pounds.

One alternative which could help
augment the shrimp supply as well as
reduce the trade deficit and create a
new industry is shrimp mariculture.

Shrimp mariculture occasionally is
referred to asshrimp farming, and, like
the land-based agricultural process, it
involves three phases: seeding,
growing and harvesting. The
difference is in terminology; in mari-
culture, these procedures are called
maturation/reproduction and hatch-
ery, grow-out and harvesting.

Shrimp farming duplicates in cap-
tivity what occurs in nature. In nature,
the marine shrimp spawn and develop
through the larval stages into post-
farvae {a miniature shrimp) in the Gulf
of Mexico. This is equivalent to what
occurs during the maturation/repro-
duction and hatchery phases in captiv-
ity. The postlarvae then migrate from
the Gulf of Mexico into the adjacent
bays and estuaries. Following growth
into juvenile shrimp, they migrate
back into the Gulf of Mexico to be-
come adults, This is equivalent to the
grow-out phase in farming.

The maturation/reproduction
phase produces seedstock, or shrimp
larvae, to supply the hatchery phase
which, in turn, produces 6- to 10-day-
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old postlarvae. These postlarvae are
used in the grow-out phase to produce
marketable-size eating shrimp or
smaller shrimp for use as bait or to
augment natural populations by stock-
ing bays.

Commercial grow-out production
of shrimp requires an abundant and

reliable stock of postlarvae or juve-
niles. Some Central and South Ameri-
can shrimp culture farms which have
low production requirements capture
these animals directly from wild popu-
lations. Intensive pond productien,
however, requires a more manage-
able stocking system where predators,
competitors, densities and stocking
dates are controlled. A hatchery phase
is necessary to insure that there is a
predictable postlarvae supply of the
same species and of an equivalentage.

Mated females captured in the wild
or those matured in captivity can
supply the eggs for the hatchery phase.
Catching mated females in the wild is
not recommended in the United
States, however. The supply is unpre-
dictable, non-indigenous species are
unavailable, collection is restricted to
the local spawning season, and genetic
manipulation and selective breeding
are impossible. The preferred alterna-
tive is to mature, breed and spawn the
females in captivity under controlled
conditions. This produces a low-cost,
predictable supply of shrimp
seedstock (larvae). For example, a
6,000-square foot metal frame matura-
tion/reproduction facility which costs
apptoximately $400,000 could produce
about 1.5 million shrimp larvae per day
at a cost of 30 to 50 cents per thousand.

Seedstock are transferred to a
hatchery when they change (meta-
morphose) inta postlarvae, usually
after 10 to 12 days. The postlarvae are
maintained in the hatchery for an
additional 6 to 10 days to increase their
chances of pond survival. A 7,000-
square foot metal frame hatchery facil-
ity costing about $700,000 could pro-
duce about three-quarters of a million
6- to 10-day-old postlarvae per day
from the seedstock at a cost of about
$4 per thousand. In comparison,
shrimp postlarvae produced by this
method presently are selling for $5 to
$12 per thousand in Central and South
America.

Postlarvae are transferred to 5- to
20-acre grow-out ponds where they
can be raised to 25 to 45 count heads-
on shrimp in three to four months. For

each crop, 700 to 2,000 pounds of
shrimp valued at between $1,500 and
$4,000 can be produced per acre atan
operating cost of approximately
$1,200 to $2,800 per acre of water. The
operating cost will vary with thessize of
the ponds, total number of acres of
water and the number of pounds of
shrimp produced per acre. To com-
plete the cycle, some of the shrimp can
be maintained in the ponds for
another two months for use as brood-
stock in the maturation/reproduction
phase.
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Shrimp mariculture in other countries

Most shrimp mariculture activity
involves the use of penaeids, such as
Penaeus japonicus, native to the
northwestern Pacific; Metapenaeus
ensis, Penaeus menodon, P, indicus,
P. semisulcatus and P. merguiensis,
native to the western central and
southern Pacific; Penaeus stylirostris,
P. vannamei, P. californiensis and
P. occidentalis, native to the eastern
Pacific; and Penaeus setiferus, P.
brasiliensis, P. duorarum, P, aztecus
and P. schmitti, native to the western
Atlantic,

There are viable commercial
shrimp mariculture operations in
Central and South America, South-
east Asia, Taiwan and Japan. These rely
primarily on anirals from natural pop-
ulations, with a very small percentage
coming from seedstock produced in
captivity. Experimental production of
seedstock in captivity is being accom-
plished in Australia, Japan, Brarzil,
Costa Rica, Ecuador, Honduras,
Mexico, Taiwan, the Philippines, Eng-
land, Indonesia, the People’s Republic
of China, Panama, Tahiti and France. In
general, the inability to adequately
mature, breed and spawn shrimp in
captivity is the most limiting aspect of
shrimp mariculture.

Though the hatchery technology s
far from optimum, it is adequate to
support commercial shrimp
mariculture operations for abvout 10
different species of marine shrimp in
many countries. Several commercial
farms currently rely primarily on
hatchery production of 6- to 10-day-
old postlarvae rather than on captur-
ing postlarvae or juveniles from the
wild, Postlarvae raised either from
mature mated females from nature or
from cultured paopulations also have
been used to augment natural shrimp
populations in the Inland Sea in Japan
and in the Gulf of Arabia.

The technology required for the
pond grow-out phase presently is
being used for commercial operations
in many countries, although, again, itis
far from optimum. Commercial
shrimp farms have obtained 200 to 500
pounds of 10 to 30 count shrimp per
crop in about six months in
unmanaged ponds and 600 to 1,500
pounds of 20 to 40 count shrimp in
about four months in managed ponds.
An average of 2,25 crops per year (four
manths per crop) is possible in coun-
tries where shrimp can be farmed con-
tinuously rather than seasonally. Most
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shrimp, such as P. vannamei, P
stylirostris and P. setiferus, require a
minimum water temperature of about
2¥°C (73°F) for 8 to 12 hours a day for
commercial growth rates.

The technology required for the
grow-out phase using intensive
culture methods involving raceways or
tanks is not sufficiently developed for
a commercial operation. Although
several companies are investigating
the feasibility of intensive shrimp mari-
culture, none is known 1o be making a
profit. Through increased technology
and domestication of shrimp, how-
ever, it is probable that shrimp ulti-
mately will be raised in raceways or
tanks. A production level of 50,000 to
100,000 pounds of 30 count heads-on
shrimp per year per acre of water is
being predicted for intensive culture,



Status in Texas

The Texas A&M University System
has the largest shrimp mariculture
research program in the United States,
amounting to about 30to 40 percent of
the total effort. This research program
concentrates primarily on five species.
These are Penaeus setiferus, the native
Culf coast whiteshrimp, P. aztecus, the
native Gulf coast brown shrimp, P,
monodon, a brown shrimp from the
indo-western Pacific, and P. stylirostris
and P. vannamei, white shrimp from
the eastern Pacific.

Although shrimp mariculture in
Texas is relatively young in comparison
to that in other countries, the tech-
nology used is approaching worldwide
state of the art. Three shrimp species
have been matured, mated, spawned
and reared in captivity in Texas, P.seti-
ferus, P. stylirostris and P, vannamet.
The technology level far the matur-
ation/reproduction phase, however, is
very near but not yet adequate for
commercial production. The
hatchery and grow-out technology is
adequate, although not optimum, for
shrimp mariculture in Texas.

Shrimp mariculture has reached a
commercial level in Central and South
America and Southeast Asia, butnotin
the United 5tates, for the following
Teasons:

1. Alonger growing season (in most

cases it is year round);

2. the availability of mature and

mated female shrimp in nature;

3. the availability of postlarvae or

juvenile shrimp in the wild,
The exception to this is Japan, where
the price per pound for shrimp is two
to three times what it is in the United
States. The higher sales price per
pound allows shrimp mariculture to be
profitable with a lower leve) of tech-
nology. For example, at these much
higher selling prices, shrimp farming
can be profitable without shrimp seed-
stock being produced in captivity. A
shrimp mariculture company in the
United States, in contrast, must have
seedstock produced in captivity to be
economically successful. One to three
years will be required befare the mat-
uration/reproduction technology is
sufficient to suppart a commercial
shrimp mariculture company in this
country.

Shrimp mariculture for bait
production has much potential
because of the pgreater price per
pound (for live bait} and smaller oper-
ating cost as compared to production

of shrimp for food. Bait shrimp mari-
culture would be restricted to native
species, however, and would require
larger numbers of seedstock, Because
of this, commercial bait-shrimp
culture may not develop as quickly as
food shrimp culture. The higher
selling price per pound ($4 per pound
of 30-count live shrimp) compared
with the same sized food shrimp may
partially compensate for this,

Of all the states, Texas probably
has the greatest potential for maricul-
ture. Its long coast line, coastal topo-
graphy, the composition of the soil
and the ideal climate are all conducive
to a successful program. Additionally,
there are millions of acres of land in
Waest Texas that could be used for
mariculture since there is seawater 10
to 25 feet underground in the region,
Mariculture development in West
Texas also would provide the added
benefit of a needed new industry.

The shrimp fishery already is a
major industry in Texas. The expertise
and facilities required for processing,
packaging, storing, transporting and
marketing already are available. Of all
the marine animals, shrimp has the
greatest mariculture potential because
of the existing value and market in this
country and elsewhere,



Other considerations

Aside from technology require-
ments, shrimp mariculture has distinct
requirements in terms of site selection,
personnel, legal constraints and per-
mitting.

Several permits are required for a
shrimp mariculture company to
operate. In Texas, these include state
and federal permits or licenses from
the following agencies: Texas Depart-
ment of Health, Texas School Land
Board, Department of Water Re-
sources, General Land Office, Texas
Antiquities Committee, Texas Parks
and wildlife Department, U.5. Army
Corps of Engineers and the U.S.
Environmental Protection Agency.
The National Marine Fisheries Service
and U.S. Fish and Wildlife Service serve
in an advisory capacity to the Corps of
Engineers. A separate publication in
this series will deal with legal con-
straints and permits.

The site selected and the personnel
hired in a commercial mariculture
venture will be primary factors in
determining success or failure. The
criteria for site selection will vary with
the objectives of the commercial
endeavor {seedstock, bait, shrimp for
human consumption or combinations
of these}, size {acres of water}, the
nature of the physical facility
{intensive versus extensive culture)
and the location. The following is a
checklist of items which should be
considered for a commercial shrimp
mariculture venture. This list also
indicates the complexity of choosing
a proper site, especially when one
realizes that many of the biological
and physical factors interact.

Biological Factors

Shrimp species tolerances

Shrimp species availability

Primary productivity

Secondary productivity
Eutrophication and microorganisms

Physical Factors

Hydrological
ltems for which mean, maximum and
minimum values should be known
for daily and monthly variations.

Temperature

Salinity

Dissolved inorganic compounds
(calcium, nitrate, nitrite,
phosphate, magnesiumn, iron, etc.)

Dissolved organic compounds
(amino acids and sugars)

Toxic compounds {chlorinated and
petroleum-derived hydrocarbons
and heavy metals)

Turbidity

pH (acidity and alkalinity

Tides

Water currents

Wave action

Siit burden

watershed characteristics
Topography
Cover
Ground water (salt and fresh)
Evaporation rates

S0ils
Acidity and potential acidity
Alkalinity and potential alkalinity
Topsoil and subscil characteristics
Depth
Permeability {percolation rate)
Composition (clay, sand, etc.)
Organic content
Inorganic content
Leachable toxins
Topography
Load-bearing capacity

Meteorological (daily and seasonal
mean, maximum and minimum
values)

wind

Velocity

Direction

Rainfall {means are less imponant
than seasonal trends, e.g., floods)

Air temperature

Economic Factors
Raw materials and maintenance
Prepared feed
Fresh marine invertebrates
Electricity
Fuel
Equipment
Repair parts
Service maintenance
Import duties
Packaging materials
availability
Land
Cost
Restrictions on ownership
Zoning regulations
Potential developments
or encroachments
Laber
Wages
Minimum
Severence pay
Fringe benefits
Availability
Qualifications {biological,
engineering)
Unions
Government regulations
Liability laws

Transportation

Accessibility of facilities
Trucking service
Railroad service
Shipping ports

Airport service

Construction costs
Draining requirements
Land clearing
Earth moving
Piping/pumps
Wells
Buildings

Communications
Mail
Telephone
Telex
Cable

Financial
Commercial banks
Development banks
Government assistance
Financial controls
Constraints on movement of capital
Currency stability

Markets
Proximity to domestic and foreign
Trade practices/restrictions



Legal Factors

Stability of Government

Natural resources policies {permitting
restrictions)

Tax laws
Incentives to private investment

Tax abatement

Duty free import
Fishing limitations
Water rights and use
Waste water permits
Culture permits
Import-export
Environmental protection
Laws on foreign personnel
Food and drug regulations
Labor laws
Land-use laws
Ownership

Land

Facilities
Social Factors
Community services

Schools

Medical care

Housing

Protection

Cultural resources




Further Reading

An increasing number of
magazines and books are being
published concerning fresh-water
aquaculture and mariculture. The
following is a list of magazines,
journals, books and reviews for those
who want additional information.

Books and Articles

Association of Southeast Asian
Nations. 1978. Manual on pond culture
of penaeid shrimp. Asian National
Coordinating Agency of the
Philippines. Manila, Philippines. 132
pp-

Bardach, J.E., J.H. Ryther and W.O.
Mclarney. 1972, Aquaculture; the
farming and husbandry of freshwater
and marine organisms. John Wiley &
Sons, Inc., New York, N.Y. 866 pp.
Boyd, C.E. 1979. Water quality in warm
water fish ponds. Craftmaster Printers,
Inc. Opelika, Alabama. 359 pp.
Brown, E.E. 1977. World fish farming;
cultivation and economics. The Avi
Publishing Company Inc. Westport,
Connecticut. 397 pp.

Clark, J.R, and R.L. Clark, eds. 1964.
Sea-water systems for experimental
aquariums--a collection of papers.
Vol. 6. U.S. Fish and Wildlife Service
Research Report 63. 192 pp.

Florkin, M., and B.T. Sheer, eds. 1970.
Chemical Zoology, Vol. V, Part A,
Arthropoda. Academic Press, Inc. New
York, N.Y. 460 pp.

Florkin, M. and B.T. Sheer, eds. 1971
Chemical Zoology Vvol. VI, Part 8,
Arthropoda. Academic Press, Inc. New
York, N.Y. 484 pp.

Caucher, T.A,, ed. 1971. Aquaculture:
A New England perspective. New
England Marine Resources Informa-
tion Program. University of Rhode
lsland, Narragansett, R.l. 119 pp.

Godfriaus, B.L., A.F. Eble, A,
Farmanfarmaian, C.R. Guerra and C.A.
Stephens, eds. 1979. Power plant waste
heat utilization in aquaculture.
Allanheld, Osmun & Co., Montclair,
New Jersey. 266 pp.

Hanson, ).A. and H.L. Goodwin, eds.
1977. Shrimp and prawn farming inthe
western hemisphese; state of the art
reviews and siatus assessment.
Dowden, Hutchinson & Ross, Inc.,
Stroudsburg, Pennsylvania. 439 pp.

Hepher, B., and Y. Purginin, 1981.
Commercial fish farming. John Wiley
& Sons, Inc. New York, N.Y. 261 pp.

Herwig, N. 1979. Handbook of drugs
and chemicals used in the treatment of
fish diseases, Charles C. Thomas, Inc.,
Springfield, Illinois. 272 pp.

Holthuis, L.B. 1980. FAQ species
catalogue. Vol. 1. Shrimps and prawns
of the world. An annotated catalogue
of species of interest to fisheries. FAQ
Fisheries Synopsis. 125 Vol. . 261 pp.
Huet, M. 1972, Textbook of fish
culture, breeding and cultivation of
fish. Fishing News Books, Ltd., Surrey,
England. 436 pp.

Iverson, E.5. 1968, Farming the edge of
the sea. Fishing News Books, L.,
Surrey, England. 301 pp.

Johnson, S.K. 1975. Handbook of
shrimp diseases, Texas A&M University
Sea Grant College Program. TAMU-
5G-75-603. 19 pp.

Kaul, P.N. and C.]. Sindermann, eds.
1978. Present status and potential
production of shrimps, pages 299-356
in: Drugs and food from the sea, myth
or reality. The University of Oklahoma,
Norman, Oklahoma. 448 pp.

Kinne, O., ed. 1977. Marine ecology. A
comprehensive, integrated treatise on
life in oceans and coastal waters. Vol.
Il. Cultivation. John Wiley & Sons,
Inc., New York, N.Y. 1521 pp.
Korringa, P. 1976, Farming marine
fishes and shrimps. Elsevier Scientific
Publishing Co., New York, N.Y. 208 pp.
Milne, P.H. 1972. Fish and shellfish
farming in coastal waters. Fish News
Bocks, Ltd., Surrey, England. 208 pp.

Mistakidis, M.N. 1968, Proceedings of
the world conference on the biology
and culture of shrimps and prawns, 12-
21 June 1967, at Mexico City. 4 vols.
Food and Agriculture Organization
Fisheries Report 57. 1627 pp.

Pillay, T.V.R., ed. 1972. Coastal
aquaculture in the Indo-Pacificregion.
Fishing News Books, Ltd., Surrey,
England. 497 pp.

Pillay, T.V.R., and W.A. Dill, eds. 1979.
Advances in aquaculture: papers
presented at the FAQ Technical
Conference on aquaculture, Kyoto,
lapan, 1976. Fishing News Books, Ltd,,
Surrey, England. 653 pp.

Price, K.S., Jr., W.N. Shaw and K.§,
Danberg, eds. 1976. Proceedings of the
first intermational conference on
aquaculture nutrition. University of
Delaware, Newark, Delaware. 322 pp.

shigueno, K. 1972. Problems in prawn
culture in Japan. Overseas Technical

Cooperative Agency. Tokyo, Japan. 37
pPp.

Shigueno, K. Shrimp culture in Japan.
1975. Japan Publication Trading Co.,
P.Q. Box 787, White Plains, N.Y. 153 pp.
Sindermann, C.]., ed. 1977. Disease
diagnosis and control in North Ameri-
can marine aquaculture. Elsevier
Scientific Publishing Co., New York,
N.Y. 329 pp.

Smaldon, G. 1979. British coastal
shrimps and prawns. Academic Press,
Inc., New York, N.Y. 126 pp.

Spotte, S. 1979. Seawater aquariums:
The captive environment. John Wiley
& Sons, Inc., New York, N.Y. 413 pp.

Spotte, 5. 1979, Fish and invertebrate
culture: water management in closed
systems. John Wiley & Sons, Inc., New
York, N.Y. 179 pp.

Stickney, R.R. 1979. Principles of
warmwater aquaculture. John Wiley &
Sons, Inc., New York, N.Y. 375 pp.

Strickland, ].D.H. and T.R. Parsons.
1977. A practical handbool of
seawater analysis. Fisheries Research
Board of Canada, Ottawa, Canada. 310
pp-

The National Research Council. 1977.
Nutrient requirements of warmwater
fishes. Printing and Publishing Office,
National Academy of Sciences,
Washington, D.C. 78 pp.

Waterman, T.H., ed. 190. Physiology
of Crustacea. Academic Press. New
York, N.Y. 681 pp.

Wheaton, F.W. 1977. Aquacultural
engineering. John Wiley & Sans, Inc,,
New York, N.Y. 708 pp.

Wickens, |.F. 1976. Prawn hiology and
culture, Pages 434-507 in Qceano-
graphy and Marine Biology Annual
Review. Vol. 14. Aberdeen University
Press.

Magazines and Journals
Aquaculture (Journal). Elsevier
Scientific Publishing Co., P.O. Box 211,
Amsterdam, The Netherlands.
Agquaculture {Magazine). Briggs
Associates, Inc. P.O. Box 2451, Little
Rock, Arkansas.

Aquaculture Digest. 9534 Kearny Mesa
Road, San Diego, California 92126.

FAO Aquaculture Bulletin.
Distribution and Sales Section, Food
and Agriculture Organization of the
United Nations, Via delle Terme di
Caracalla, 00100 Rome, ltaly.



Feedstuffs. Box 1289, Minneapolis,
Minnesota. The Miller Publishing Co.

Fish Boat. P.O. Box 2400. Covington,
Louisiana. H.L. Peace Publications.

Fish Farming International. St.
Stephen’s House, Station Road, Filton,
Bristol B512 7 )S, England.

Gulf Coast Fisherman. P.QO. Box 397
Port G'Connor, Texas,

Marine Biology. 200 Park Avenue
South. New York, N.Y. 10003, Springer
International, Inc.

Proceedings of the World Mariculture
Society. Contact Dr, Dan Walsh,
Division of Continuing Education, 177
Pleasant Hall, Louisiana State
University, Baton Rouge, Louisiana
70803.

The Progressive Fish Culturist.
Superintendent of Documents, U.S.
Government Printing Office,
Washington, D.C,
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