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leting also removes the peritoneal lining so peritoneal 
color is not a problem when tilapia are filleted. Thus, 
red and white tilapia may have color and flesh quali­
ties that enhance its marketability. However, the 
grower should remember that red tilapia are more dif­
ficult to raise due to lower survival during culture 
than normal colored tilapia and the cost/kg live 
weight to raise the red tilapia is commonly higher 
than normal colored tilapia. 

FLAVOR AND AROMA 

Gustatory quality is also important. Taste tests 
have demonstrated that tilapia do not absorb off-fla­
vor from animal manures, but they do absorb off-fla­
vors produced by certain blue-green algae and other 
microorganisms. The muddy flavored flesh is more 
prevalent in tilapia cultured in freshwater than in 
saline water. Muddy flavor can be found in any cul­
tured fish but tilapia appear to have a higher inci­
dence of off-flavor than most freshwater fish because 
they are reared in highly fertile waters with higher 
incidence of blue-green algae blooms. Processors and 
buyers must be vigilant to assure that off-flavored fish 
are not processed and sold. Processors can generally 
assure on-flavor fish by placing the live tilapia in 
clean water for 3 to 5 days to purge them of off-flavors 
before processing. Bleeding the live fish before pro­
cessing will also reduce off-flavors. A sample of the 
tilapia should be flavor-tested by experienced tasters 
to assure gustatory quality. Tilapia should be 
microwaved or steamed with no condiments so that 
even mild off-flavor is detected. 

Many tilapia raised in highly eutrophic ponds 
will have excellent gustatory qualities. Reasons why 
one pond will produce tilapia with a muddy flavor 
while a neighboring pond will provide good tasting 
fish is not well understood. There appears to be a 
higher incidence of off-flavor in tilapia captured from 
permanent, eutrophic reservoirs than from farm ponds 
that are periodically drained. However, there is no 
way to know if fish will be off-flavor without taste .:0-

testing. Careful selection of only on-flavor fish can 
not be over-emphasized if tilapia is to become a major 
item on the plates of North American consumers. 

Red muscle found under the skin accumulates 
lipids that tum rancid when fish are stored for 1 to 2 
months giving the flesh a slight fishy taste. Tilapia 
larger than 600 g accumulate more red muscle than 
smaller fish. Rancidity of the red muscle is not a prob­
lem when whole tilapia or tilapia fillets are iced and 
sold fresh. Frozen tilapia products have more problems 

with a fishy flavor and the red muscle may have to be 
removed before freezing to maintain gustatory quality 
for periods longer than a month. 

DRESS-OUT PERCENTAGES 

A major disadvantage of tilapia is low dressout 
and fillet yield compared with some other cultured 
fish. In general, the dressout yield of tilapia will 
increase slightly with fish and if the tilapia is well 
fed and robust. Interspecific differences in dressout 
and fillet yield are minimal. 

After removal of scales and viscera, heads-on 
dress out weight is 76 to 80% of live weight. Average 
yield of headed, gutted and skinless tilapia is about 51 
to 53 %. Fillet yield will vary depending on the 
method employed to fillet the fish. Small pin bones 
located on the median line between the tenderloin 
and the rib cage can be troublesome to children and 
inexperienced tilapia consumers. Fillets that have the 
ribs removed but retain some flesh from the rib cage 
and the pin bones yield about 36 to 38 % of total live 
weight. The same fillet with a triangular notch on the 
median line to remove the pin bones yields about 32 
to 35 % of live weight. Fillets with pin bones and rib 
cage flesh removed so that only the tenderloin and 
caudal area remain yield 28 to 31 % of live weight. 
Some large tilapia are " deep skinned " to remove 
some of the red muscle found under the skin. Deep 
skinning reduces the filet yield to 22 to 25% of the 
live weight. 

Tilapia can be filleted by machine but the ribs 
and pin bones must be trimmed by hand. Most pro­
cessing plants in tropical countries fillet tilapia by 
hand because more flesh is saved and labor is cheap. 

Assuming a 33% fillet yield, tilapia must weight 
500 to 850 g to provide two, 3- to 5-oz fillets (1 oz = 
28 g) and 850 to 1200 g to provide two, 5- to 7 -oz fil­
lets. Fish yielding the larger fillet convert feed less 
efficiently and require a longer time to reach harvest 
size, thus increasing production costs per unit weight. 
However, 800 to 1200 g tilapia have a 1 to 2% high­
er fillet yield than 500 to 800 g tilapia. 

MARKETING IMPLICATIONS OF STEROID USE 

Another consideration for tilapia producers, 
processors, and marketers is the use of male steroids to 
sex-reverse tilapia fry. Scientific studies have shown 
that the steroid is excreted from the fish once treat­
ment is suspended at a size of less than one gram. 
There is apparently no danger to consumer as the fish 
are grown for many months without steroids before 



slaughter. However, consumers that perceive that 
flesh of chemically treated tilapia is tainted may reject 

tilapia. Additionally, sale of tilapia treated with 
steroids is not approved by the Food and Drug 
Agency (FDA) of the U. S. government. Technically, 
tilap ia treated with steroids at any stage of their life 
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cycle are illegal to sell as foodfish in the U. S .. In real­
ity, thousands of tons of tilapia treated with steroids as 
fry are currently sold in the U. S .. A number of edu­
cational and governmental agencies are working with 

the FDA to develop the evidence required for 
approval of the drug for commercial tilapia growers. 

Fresh and frozen 
tilapia fillets 
have a texture 
and flavor that 
appeals to 
consumers and 
are frequently 
found on seafood 
counters in 
supermarkets in 
the United 
States. 

PRINCIPAL TILAPIA-PRODUCING COUNTRIES 

Tilapia have been introduced into most tropi­
cal and subtropical countries. Tilapia are widely dis­
tributed in temperate climate countries although 
they are unable to survive cold winter water temper­
atures below 13°C in open ponds. Thus, the major 
tilapia producing countries have tropical or subtropi­
cal climates. 

Major tilapia producing countries are located in 
Asia but several Latin American countries are rapid­
ly expanding tilapia culture operations because of 
their proximity to North American markets. Major 
tilapia farming countries and the systems used to cul­
ture tilapia are listed below. 

ASIA 

Philippines The Philippines produced 91,000 
metric tons of farmed tilapia in 1992, 53% in fresh­
water ponds, 32% in freshwater cages, 6% in fresh­
water pens, and 9% in brackishwater ponds. O. 
mossambicus is widely farmed but the government is 
introducing O. niloticus because of its faster growth 
and more appealing appearance. Most tilapia ' are 
raised in small « 1 ha) ponds integrated with animal 
husbandry activities or cages suspended in lakes. 
Expansion into brackish water milkfish ponds is 

beginning as demand for tilapia increases and 
demand for milkfish decreases. Mixed-sex tilapia are 
usually monocultured, and small « 200g) fish are 
harvested. Fish may be fed with agricultural by-prod­
ucts and aeration is rarely used. Most tilapia are sold 
whole in domestic markets. 

Interest in culturing a bigger tilapia is growing. 
Sex-reversal technology to produce male tilapia is 
available but the supply of male fingerlings is limited. 
Pelle ted fish feeds are available but rarely used. To 
our knowledge, little processing of tilapia is done and 
exports of fresh and frozen products is small. The 
Philippines has a long tradition of fish culture and is 
one of the major tilapia producing countries in the 
world. 

Taiwan Taiwan produces about 90,000 metric 
tons of farmed tilapia per year. O . mossambicus was 
introduced to Taiwan 50 years ago. Tilapia are farmed 
over the whole island but the majority of fish are 
raised in the south because of the mild climate result­
ing in longer growing season and lower chance of 
winter mortality due to cold water temperatures. 
Principal farmed tilapias are hybrids of O. mossambi­
cus and O. niloticus, O . niloticus and O. aureus and 
red tilapia. Traditional methods of farming tilapia are 19 
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a mono culture of mixed-sex tilapia integrated with 
animal husbandry in small, freshwater ponds. Small, 
whole tilapia are marketed locally. With economic 
development, Taiwan has modernized their fish cul­
ture practices. Presently, intensive monosex culture of 
sex-reversed tilapia is widely practiced. Tilapia 
hybrids or red tilapia are stocked at high densities in 
small concrete tanks or earthen ponds filled with 
freshwater and fed pelleted feeds, and provided with 
aeration and partial water exchange daily. Red tilapia 
are also cultured in brackish water ponds and sea 
cages. Farms are small, land is very expensive in 
Taiwan, and increased tilapia yields will come from 
intensification rather than expansion of land-based 
facilities. Expansion of sea cages is possible. Large 
tilapia are sold domestically and exported. Taiwan is 
the largest exporter of whole and filleted frozen tilapia 
to the U. S. (Table O. 

Thailand Thailand has a 30-year tradition of 
farming tilapia and is one of the largest producers of 
farmed tilapia in the world. Farmers harvested about 
44,000 MT of tilapia in 1992. Most tilapia are poly­
cultured with other fishes in small, private ponds inte­
grated with animal husbandry. The manure from the 
animals is used to fertilize the ponds. Rice bran may 
be fed and no aeration is used. Mixed-sex tilapia are 
produced and small tilapia « 200g) are harvested. 
The majority of tilapia are sold domestically. O. 
mossambicus is still widely farmed but O. niloticus is 
becoming more popular. 

Recently, interest has grown in the production 
of a large tilapia (> 500g)with the introduction of 

technology to mass produce sex-reversed male tilapia 
seed. Tilapia are sold whole, fresh domestically or to 

processors that sell fresh and frozen processed tilapia 
locally or internationally. Thailand is a major 
exporter of frozen whole and filleted t ilapia to the U. 
S. (Table O. Farmers growing large t ilapia are moving 
toward tilapia monoculture, use of formulated feeds 
and aeration to improve 'yields. The major tilapia 
growing regions are around Bangkok in freshwater 
ponds and southern Thailand in abandoned, brackish 
water marine shrimp ponds. 

Indonesia Tilapia culture is located almost 
exclusively on the island of Java. O. mossambicus was 
introduced to Indonesia by the Japanese during World 
War II but has never become widely accepted as a cul­
ture fish by the Indonesians. T hus, Indonesia is not a 
major producer of farmed tilapia. Common carp is 
the principal freshwater fish cultured on Java. 
Numerous brackish water ponds are used to farm 
milkfish and shrimp. Fish are cultured in small ponds 
and cages located in rivers and reservoirs. Mixed­
sex O. mossambicus are cultured with animal and 
human manures and/or fed agricultural by-products. 
Traditionally, small tilapia were harvested and sold 
locally for a low price. 

Recently, O. niloticus and red tilapia have been 
introduced to Java. Monosex culture of sex-reversed 
male tilapia or mixed-sex tilapia in cages expanded 
when pelleted fish feeds became available on Java. 
While some large tilapia are sold live and on ice on 
Java, most of the large cultured tilapia are exported. 
Indonesia is a major exporter of frozen tilapia fillets to 

T ABLE 1. U.S.TILAPIA I MPORTS AND VALUE BY COUNTRY FOR 1994. 

Country Whole, frozen Fillets, fresh Fillets, frozen Total Rank 

kg dollars kg dollars kg dollars kg dollars total 

Mexico 19,305 120,355 1,136 6,961 20,441 127,316 11 
Honduras 34,755 211,853 1,225 4,350 35,980 216,203 10 
Nicaraqua 1,321 6,497 954 5,158 2,275 11,655 15 
Costa Rica 713,945 3,910,503 3,527 19,400 717,472 3,929,903 2 
Jamaica 

.:r' 
57.871 250.301 57,871 250,301 7 

Colombia 5,130 24,156 86,762 445,350 91,892 469,506 6 
Ecuador 34,246 121,668 5,897 35,950 40,143 157,618 8 
Thailand 107,039 121,615 313,567 1,666,718 425,345 1,78,333 4 
Singapore 18,142 21,378 1,1000 4,409 19,242 25,787 12 
Indonesia 17,963 31,521 399,176 1,872,925 417,139 1,904,446 5 
Korea 4,904 15,997 4,904 15,997 14 
China 457,879 525,319 457,879 525,319 3 
Taiwan 10,668,659 13,494,875 1,547,529 2,569,737 12,216,188 16,064,612 1 
Japan 38,102 40,258 164 1,296 38,266 41,554 9 
Kenya 15,109 53,351 15,109 53,351 13 
TOTAL 11,317,819 14,275,119 890,414 4,816,226 2,347,334 6,493,556 14,560,471 25,600,898 
u.s. Dept. of Agriculture, Economic Research Service, Aquaculture Outlook, 1301 New York Av. NW, Washington, DC. 



the U. S. (Table 1). 

Mainland China China harvests 25 % of all 
freshwater fish farmed in the world. China has a rich 
tradition of freshwater fish culture based on the carps. 
Tilapias are found in the subtropical regions of China 
but have never been important culture species. 
Mixed-sex tilapia are cultured together with carps in 
ponds supplied with animal manures, vegetation and 
agricultural by-products. Small tilapia are harvested 
and sold live in local markets. Presently, China has 
very little modern fish processing capability. 
However, China is a sleeping giant and is rapidly 
modernizing their fish culture industry. Pelleted feeds 
and aeration '. are used to increase fish yields. The 
Chinese are interested in exporting aquaculture prod­
ucts and China is the second largest exporter of whole 
frozen tilapia to the U. S. (Table 1). 

Other Asian Countries Tilapia are raised in all 
Asian countries with appropriate climate using 
mixed-sex cultures and manures and agricultural by­
products. Harvested fish are small and sold locally. 
Lack of commercial feeds, modern processing facili­
ties, knowledge of improved tilapia culture methods 
and transportation will limit the ability of these coun­
tries to grow and export tilapia in the near future. 

NEAR EAST 

Israel Israel has been a world leader in the 
research and culture of tilapia for many years. The 
major producing region is in the north along the 
Jordan River and Sea of Galilee. Most tilapia are 
grown in ponds on cooperative farms. Sex-reversed 
male O. niloticus and O. aureus hybrids are polycul­
tured in earthen ponds with carp or monocultured in 
concrete tanks or plastic-lined ponds at a high stock­
ing density. Pelleted tilapia feeds and aeration are 
widely used and most tilapia are larger than 400 g at 
harvest. However, cold winter water temperatures 
may cause tilapia mortality and many farms have 
over-wintering facilities that assure that tilapia brood 
stock and seed survive the winter. In 1994, Israel har­
vested 5,695 mt of tilapia of which 90% were sold 
fresh and 10% were processed. Israel did not export 
any tilapia in 1994. Israel is short of water for agri­
culture so increases in tilapia harvests will be through 
intensification in existing facilities or expansion into 
sea water ponds and cages. Israeli tilapia culture tech­
nology and investment capital have been instr~men­
tal in the development of the Latin American tilapia 
industry. 
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LATIN AMERICA 

Colombia Colombia is the leading producer of 
cultured tilapia in Latin America, harvesting an esti­
mated 3,000 metric tons in 1994. The major tilapia 
producing region in Colombia is around Cali. 
Intensive culture of sex-reversed male, red tilapia 
with pelleted feeds, aeration and daily partial water 
exchange dominates. Israeli technology strongly 
influences tilapia culture in Colombia. Over 60% of 
the tilapia cultured in Colombia is sold locally for 
prices that rival those obtained through exportation. 
Colombia is the second leading exporter of fresh 
tilapia fillets to the U. S. ( Table 1 ). 

Costa Rica Costa Rica is second to Colombia in 
farmed tilapia harvests at about 2,500 metric tons 
annually. However, Costa Rica is the leading exporter 
of fresh tilapia fillets in Latin America as only a small 
amount is sold domestically ( Table 1 ). Most of the 
tilapia grown comes from one farm which stocks sex­
reversed male O. niloticus at high densities in 100- to 
200-m2 earthen raceways supplied with flowing 
water from an irrigation canal. This farm air freights 
16,000 kg of fresh fillets/week to the U. S and expan­
sion of culture and processing facilities should double 
yearly output by the end of 1995. 

Other Countries in Latin America Tilapia are 
found in all Latin American countries with tropical or 
subtropical climates. Tilapia have been stocked into 
small family and communal ponds to improve the 
nutrition of rural populations since the 1960's. 
Recently, intensive pond culture of male tilapia for 
internal and export markets has grown rapidly. 
Honduras, Ecuador, Mexico and Brazil have infant 
tilapia farming industries. Ecuador is a leading 
exporter of farmed marine shrimp to the United 
States and the feed, processing and marketing infra­
structure to grow and export aquacultured products is 
in place. Recent problems with diseases have forced 
farmers of marine shrimp to look for alternative 
species to culture in their shrimp ponds. Thousands of 
hectares of brackishwater shrimp ponds are avail­
able for the culture of salt tolerant tilapias. Red 
tilapias are stocked into brackishwater ponds and 
may become an economically important export com­
modity in the near future. Honduras and Mexico 
have also started to export processed tilapia to the 
United States (Table 1), while Brazilian tilapia are 
sold domestically. 
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CARIBBEAN ISLANDS 

Jamaica Jamaica was the first western hemi­
sphere country to demonstrate that modern commer­
cial tilapia culture could provide economic benefits. 
Jamaican farmers began farming tilapia in the early 
1980's and presently about 2,000 metric tons of tilapia 
are h arvested annually. Male O. niloticus or red tilap ia 
for stocking growout ponds were obta ined initially by 
visual separation of males and females. Hormone sex 
reversal is now the primary technique for producing 
male fingerlings. Males are stocked in earthen ponds 
supplied with freshwater and grown on domestically 
manufactured and imported pelleted fish feeds to 300 
to 400g. N ormally, no aeration or water exchange is 
used. Most of the farmed red tilap ia is sold domesti­
cally, although frozen filleted tilap ia are exported to 
the United States ( Table 1 ) and Europe. Expansion 
of freshwater tilapia culture is limited by a lack of land 
and water. Expansion may occur in brackish water 
ponds and cages placed in the sea. 

NORTH AMERICA 

United States An estimated 6,000 metric tons 
of tilapia were raised in the U. S. in 1994, up approx­
imately 42% from 1992. Tilapia growers estimate that 
domestic production will top 7,300 metric tons in 
1995. Most tilapia are raised indoors in closed recir­
culation systems utilizing solar, geothermal and other 
sources of low-cost heat to warm water. Water must be 
reused to lower the cost of heating water. Some open 
pond culture of tilapia is practiced in southern 
Florida. Most tilapia are sold in the live-fish markets 
in large cities. Some U. S. tilapia growers have their 
own processing plants and sell fresh and frozen whole 
and filleted tilapia. However, U. S. tilapia growers 
must sell directly to the consumer if they h ope to 
compete with fresh and frozen tilapia imported from 
tropical countries. 

In 1994, the U. S. imported over 14.5 mt of fresh 
and frozen tilapia (Table 1). Approximately 5,150 mt~ 
where imported during the first 6 months of 1995, a 
decrease over the same time period in 1994. However, 
the value of tilap ia imports has increased as the 
demand for higher valued tilap ia fillets grows. 
Consumption of tilapia will continue to grow in the 
U .S. but increased imports and higher domestic out­
put will likely produce downward pressure on prices, 
making tilapia even more competitive with other 
seaf00r1 products . 

SUGGESTED READING 
TEXT BOOKS 

Boyd, C. E. 1990. Water quality in ponds for aqua­
cu lture. A labama Agricultural Experiment Station, 
Auburn University, Alabama. 482 pp. 

This practical handbook describes the physical and chem­
ical principles of water quality ; «!ith special emphasis on tech­
niques to manage water quality in tUJuacultural ponds. 

Bromage, N . R. and R. ]. Roberts, Editors. 1995. 
Broodstock management and larval quality. Blackwell 
Science. Oxford, England. 414 pp. 

A collection of 15 papers each describing the reproduc­
tion, and care of eggs and larvae of a cultured finfish. A chap­
ter on Nile tilapia reproduction and production of mixed-sex and 
male tilapia seed provides the latest information on the subject . 

Fishelson, L. and Z. Yaron, Editors. 1983 . 
International symposium on tilapia in aquaculture, 
Proceedings. Tel Aviv University, Tel Aviv, Israel. 624 pp. 

The proceedings of this first international symposium on 

tilapia culture contains 65 scientific articles. General themes 
include biology and ecology, physiology and pathology, repro­
duction and genetics, nutrition, and management and produc­
tion. 

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

A description of Israeli carp and tilapia farming practices. 

H epher, B. 1988. Nutrition of pond fishes . 
Cambridge University Press. Cambridge, England. 388 pp. 

The Israeli author provides more theoretic detail on diges­
tion and absorption of food, energy pathways, and nutrient 
requirements than Lovell ( 1989) but a greater understanding of 
physiology, anatomy and nutrition is required by the reader. 

Lovell, T. 1989. Nutrition and feeding of fish. Van 
Nostrand Reinhold, New York, New York. 260 p p. 

The author describes general aspects of fish nutrition, 
including nutrients (protein, energy, vitamins, essential lipids, 
minerals, and vitamins), diges tion and metabolism , and feed 
formulation and processing. The book is very practical and high­
ly specialized training is not required by the reader. It includes 
chapters on feeding several species, including one 14-page chap­
ter on the tilapias. 

Muir, J. F. and R. J. Roberts, editors. 1982. Recent 
advances in aquaculture. Westview Press, Boulder, 
Colorado. pp 355. 

Chapter by Balarin and Haller reviews information on 

the intensive culture of tilapia in tanks, raceways and cages. 



Nash, C. E. and A. ]. Novotny, Editors. 1995. 
Production of aquatic animals: fishes. Elsevier, Amsterdam, 
The Netherlands. 405 pp. 

A collection of invited chapters by knowledgeable authors 
detailing the reproduction and culture of 20 of the most widely 
farmed fresh and seawater finfishes including the Tilapias. 

Pullin R. S. V and R. H. Lowe-McConnell, Editors. 
1982. The biology and culture of tilapias. ICLARM 
Conference Proceedings 7, International Center for Living 
Aquatic Resources Management, Manila Philippines. 432 
pp. 

Chapters in this book were written by eminent scientists 
in areas of their specialization . Topics include: taxonomy, ecol­
ogy and distribution, life histories, reproductive physiology, feed­
ing and digestion', pond and cage culture, diseases and parasites, 
population control and hybridization. Technology developed or 

tested since 1982 are not included, but most information con­
tained remains relevant in 1995. 

Pullin, R .S. V, T Bhukaswan, K. Tonguthai, and]. 
L. Maclean, Editors. 1988. The second international sym­
posium on tilapia in aquaculture, Bangkok, Thailand, 

March 1987. ICLARM Conference Proceedings 15. Inter­
national Center for Living Aquatic Resources Management, 
Manila, Philippines. 623 pp. 

This book is a compilation of 82 scientific articles pre­
sented at the symposium. Seven sessions included in the confer­
ence were: culture systems, pathology, genetics and reproduc­
tion, nutrition, physiology, biology and ecology, and economics 

and sociology. 

Shilo, M. and S Sarig, Editors. 1989. Fish culture in 
warm water systems: problems and trends. CRC Press, Inc., 
Boca Raton, Florida. 259 pp. 

This book describes unique features of warm water sys­
tems as exemplified by the Israeli type of fish culture. Topics dis­

cussed include selective breeding, natural and induced reproduc­
tion, fish nutrition, environmental factors, and fish health. 
Discussions are not limited to, but include, tilapias . 

Steffens, W. 1989. Principles of fish nutrition. Ellis 
Horwood Limited. West Sussex, England. 384 pp. 

This book on fish nutrition is similar to Hepher (1988), 
with a more European perspective. 

Stickney, R., Editor. 1986. Culture of nonsalmonid 
freshwater fishes. CRC Press, Inc., Boca Raton, Florida. 
201 pp. 

This book describes production techniques for nine differ­

ent groups of non-salmonid fish. One 16-page chapter is specif­
ically about the tilapias, focusing on water quality requiremeylts, 
production and fertilization techniques, reproduction, nutrition, 
and diseases. 
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AUBURN UNIVERSITY RESEARCH AND 
DEVELOPMENT SERIES 

Castillo, S., TJ. Popma, R.P. Phelps, L.U. Hatch and 
TR. Hanson 1992. Family-scale fish farming in Guatemala: 
an example of sustainable aquacultural development 
through national and international collaboration. 
Research and Development Series No. 37. Alabama 
Agricultural Experiment Station, Auburn University, 
Alabama. 34 pp. 

A biological and socio-economic case study of small-scale, 
low-input tilapia farming in Honduras. Nutrient inputs were 
primarily agricultural by-products and organic fertilizers. 

Green, B.W. and D. R. Teichert-Coddington, and R. 
R .. 1994. Development of semi-intensive aquaculture tech­
nologies in Honduras. Research and Development Series 
No. 39. Alabama Agricultural Experiment Station, Auburn 
University, Alabama. 47 pp. 

A summary of aquacultural research conducted in ponds 
in Honduras since 1983. Stocking densities of tilapia usually 
ranged from 10, 000 to 20, 000 per hectare and nutrient inputs 
included organic and inorganic fertilizers and supplemental 
feeds. 

Hishamunda, N. and J.E Moehl, Jr. 1989. Rwanda 
national fish culture project. Research and Development 
Series No. 34. Alabama Agricultural Experiment Station, 
Auburn University, Alabama. 19 pp. 

A summary description of small-scale, low-input tilapia 
culture in highland Rwanda where fresh grasses were the most 
common nutrient input. 

Lovshin, L.L., N.B. Schwartz, VG. de , C.R. Engle, 
and u.L. Hatch. 1986. Cooperatively managed rural 
Panamanian fish ponds: the integrated approach. Research 
and Development Series No. 33. Alabama Agricultural 
Experiment Station, Auburn University, Alabama. 47 pp. 

An aquacultural development project among indigenous 
communities in Panama. The principal integrated systems 
described are tilapia-swine, tilapia-poultry, and tilapia-cattle. 

Popma, TJ. and B.W. Green. 1990. Sex reversal of 
tilapia in earthen ponds. Research and Development Series 
No. 35. Alabama Agricultural Experiment Station, Auburn 
University, Alabama. 15 pp. 

A practical description of techniques to produce tilapia fry 
and treat them with hormone to produce male fingerlings. 

Popma, TJ., EE. Ross, B.L. Nerrie, and J.R. 
Bowman. 1984. The development of commercial farming 
of tilapia in Jamaica, 1979-1983. Research and 
Development Series No. 31. Alabama Agricultural 
Experiment Station, Auburn University, Alabama. 18 pp. 

The early years of commercial tilapia production in 
Jamaica. Commercial feeds and hand selected male fingerlings 
were used by most farmers . 
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Nile tilapia, Oreochromis niloticus, is the most 
widely cultured tilapia because of its fast growth 
and attractive coloration at maturity. 

Blue tilapia, Oreochromis aureus, is the most 
cold tolerant of the tilapias and in Israel is crossed 
with Nile tilapia to produce a fast growing male 
hybrid. 

Mossambique tilapia, Oreochromis mossambi­

cus, is tolerant of sea water but is not widely cul­
tured because of its slow growth and dark color at 
maturity. 

Red tilapia is a color variation found in sever­
al tilapia species. There are many strains of red 
tilapia but not all perform well in intensive culture. 
Red Mossambique is often crossed with other tilapia 
species to improve growth. The red ti1apia with 
Mossambique ancestry grows well in sea water and 
has a high market value in regions where a whole, 
red fish is prized. 
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