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INTRODUCTION


During the 1990s, international trade in tilapia products became an important commodity in the international seafood trade.  Tilapia farming encompasses an industry based on fish introduced around the world by development agencies to feed the rural poor that now has grown to a highly domesticated livestock product with sales exceeding two billion dollars a year.  The description of the tilapia as the aquatic chicken, becomes more appropriate every day.  As in chicken farming, tilapia farming can be successful on any scale, from subsistence farmers with a few essentially feral fish in a pond, to multi-national corporations rearing highly domesticated fish with farms and processing plants in several countries.  Tilapia have been domesticated faster and to a greater extent than any other group of fish.   Tilapia may have surpassed salmonids in economic importance by 2003 and may eventually equal the carps.


World production of farmed tilapia exceeded 1,491,232 metric tons (mt) in 2002 (Fig. 1).  China is the world’s major producer and consumer of tilapia.  Mainland province’s production in 2002 was 706,000 mt and Taiwan produced another 90,000 mt.  Other Asian countries produced an additional 325,000 mt.   The US is the world’s major importer of tilapia.  2002 imports were 56,337 mt with an import value of  $174,000,000.  The products were divided between frozen whole fish, frozen fillets and fresh fillets.  These products represent a live weight of 133,140 mt.  Linked with 2002 domestic production of 9,000 mt, sets the 2002 US consumption of live weight fish at 142,140 mt or 314 million pounds. Tilapia have already become one of the most important farm raised fishes and is increasingly taking its place as a major item in the international seafood trade.


Humans living in the native range of tilapia have consumed tilapia for centuries.  There are many common names for the fish across Africa, Asia, and the Middle East.  In the 1930s, scientists realized the potential for using the fish as a food source, efficiently transforming plant materials to fish biomass.  Missionaries and others interested in improving the welfare of rural poor determined that tilapia could be stocked into ponds and lakes as an additional food source.  Tilapia could grow with minimal inputs and still produce a high quality product that would contribute to the diet of poor farmers.  Subsequently, tilapia were stocked into countries across the tropics and subtropics.  Often tilapia were stocked into reservoirs behind newly constructed dams. Tilapia are adept pioneer fish, efficiently utilizing available resources and capitalizing on new and altered ecosystems.  Usually, the native fish fauna had not had time to respond to the new lacustrine environment and officials felt that they were “improving” the fish community.  In hindsight, it appears that tilapia have contributed to declines in native fish fauna in concert with other environmental changes (Pullin et al. 1997).


In a few countries, notably the cooler sub-tropical regions, tilapia were introduced for aquatic vegetation control.  In these situations, it was determined that a biological control of nuisance aquatic weeds with an exotic fish, was environmentally preferable to use of toxic herbicides.  In most cases this was an effective solution.  Tilapia could be stocked into irrigation canals or ponds; they would consume the aquatic weeds and then would die during cold weather.  In some instances the tilapia survived and became established with breeding populations surviving the cold periods.


In the 1980s, efforts to domesticate tilapia made rapid progress and in the late 1980s and 1990s large-scale aquaculture operations appeared and began the international trade in tilapia products. Global tilapia production and consumption in 2003 trails behind the carps and is about equal to the salmonids.  However, the rapid improvements in domestication and wider consumption patterns of tilapia may allow tilapia soon surpass the salmonids and eventually overtake the carps to become the most important farmed fish.

Home Consumption


This may be tilapia’s most important market from a social standpoint.  Millions of  small farmers in over 100 countries supplement their diets with occasional meals of tilapia.  The wide distribution of tilapia species in the 1900s and their adoption by development agencies as the “aquatic chicken” has led to tilapia being available in virtually every tropical and subtropical region.  Small-scale culture in ponds and in cages placed in larger bodies of water, is still encouraged and supported as a method of improving the diet and supplementing household income. The overall economic value is difficult to evaluate but some studies are available in specific regions. (Engle 1997; Neira and Engle 2001; Funez, et al. 2001)
Micro Enterprise


A second important market for tilapia products is the micro-enterprise developed by small farmers.  Some farmers grow extra fish for sale in local markets to supplement household income, while others market value added product, typically at road-side restaurants.   Several countries have seen an expansion in the number of family-owned and operated roadside stands featuring tilapia.  The normal operation includes a family- operated pond where the fish are grown.   Travelers pull off and are seated to have a drink, while the proprietor goes to the pond to capture the needed number of fish.  Alternatively, they may hold the fish in a small tank for rapid retrieval.  In either case, the fish is most frequently scaled, then scored on the sides with a knife and then quickly cooked in hot oil.  The benefits of this particular method of cooking are that the extremely high temperatures cook quickly, effectively kills most parasites and pathogens, adds flavor, contributes to the caloric value of the meal, and hides any algae-induced off-flavor.  In developing countries, where adequate protein and calories are needed, fried fish can be especially nutritious.

Overview of Tilapia Produced for International Trade

In the mid-1980s the only tilapia product found in international trade was whole frozen tilapia grown and exported from Taiwan.  Since that time there has been a tremendous increase in the number of producing countries who are exporting tilapia and in the quantity and quality of the processed fish available.  Frozen fillets from Indonesia, Taiwan, and Jamaica; and fresh fillets from Costa Rica, Jamaica and Colombia opened a floodgate of demand.

The worldwide supply of tilapia grew quickly in the late 1990s (Fig. 2).  The tilapia industry is currently in the middle stage of the market developments previously seen in the salmon and shrimp industries.  Commodity prices, that were dependent on wild catches and seasonal availability, have been overtaken by the year-round availability and quality of farm-raised product.   Rapid expansion of tilapia aquaculture in over 100 countries has had the effect of depressing prices to the grower in virtually every nation.  Rapid improvements in technology, feeds, genetics, and experience levels of farmers have allowed producers to reduce costs enough to remain profitable.

By 2002, there were over 20 countries exporting to the United States (Fig. 3) and the number of product-forms is large and diverse. Fillets are available in different sizes, packages, skin-on, skin-off, deep-skinned, ozone dipped, carbon monoxide-treated, individually quick frozen (IQF), smoked, sashimi grade, and as izumi-dai.  Whole and gutted tilapia are available. Tilapia skins are sold in frozen, salted, and even deep-fried forms in international trade.  Tilapia leather goods, including purses, wallets, belt, vests, skirts, and dozens of other products, are now available. 

China (People’s Republic of China) has become the single most important producer and supplier of tilapia in the world (Fig. 1). Chinese production of tilapia grew slowly for several years after Mossambique tilapia (O. mossambicus) were first introduced in the 1950s.  The introduction of blue tilapia (O. aureus) and Nile tilapia (O. niloticus) in the late 1970s provided a boost to the industry.  Production of primarily male fish through the use of hybrid crosses or sex-reversal provided a second advance. Introduction of red-skinned strains has provided another economic impetus to the industry.  With annual production of over 700,000 mt, the mainland provinces produce over half the world supply.  Taiwan contributes another 80,000 mt, a significant portion of which is sold on international markets.  In fact, the tilapia industries of Taiwan and the mainland provinces have nearly merged.  Technologies, investments, and products flow freely.  

The vast majority of tilapia produced in China is consumed locally, and opening additional markets within China is a central challenge to their producers.  Value-adding, finding new regional markets, product placement, and developing recipe cards are all suggested as measures to further increase domestic Chinese markets (Fitzsimmons 2001).  Other countries in Southeast Asia are also major producers.  Thailand produces over 100,000 mt per year.  Most is consumed domestically, but a significant fraction goes to international trade.  The Philippines is another major producer with almost 100,000 mt per year.  However, virtually all of the tilapia produced in the Philippines is consumed domestically. Indonesia is another large producer (75,000 mt) with strong domestic markets and considerable exports of frozen fillets to U.S. and European markets. Vietnam has a relatively small tilapia industry at this time, but the government has made a commitment to increase production, funding hatcheries and research projects. Malaysia is also rapidly upgrading its industry and hopes to become a significant exporter by 2005.

Tilapia production in the Philippines, Vietnam, and Thailand is certainly under-reported in the official statistics.  Officials and scientists in these countries provide several related explanations.   First, the collection of fisheries statistics plays a secondary role to improvement of physical and technological infrastructure in the aquaculture industry.  Second, statistics reported to the United Nations Food and Agriculture Organization (FAO) are frequently several years old.  Third, much of the extensive production occurs in remote locations and is either consumed in the producers’ households, or is bartered and never enters the cash economy where it can be more easily enumerated (and taxed).   Detailed surveys of household food consumption patterns, sales of fish in markets, and sales of fish feeds support these observations.

After China, Ecuador is the next most important country in the international trade of tilapia products. Shrimp farmers who were devastated by the white spot viral epidemic have converted many of their production facilities to tilapia farming.  Much of the infrastructure (hatcheries, feedmills, ponds, harvest equipment, processing plants, cold storage and marketing channels) were readily adapted to tilapia production.  This has allowed Ecuador to quickly become a major producer and the single-most important factor in the U.S. market.

Jamaica pioneered the market for fresh tilapia fillets in the U.S. in the late 1980s.   Costa Rica, and especially the Aquacorporacion Internacional operation, has overtaken Jamaican producers and led the further development of the fresh fillet market in the US.  The Aquacorp farm and processing plant in Cañas, have consistently led the market with new product forms, packaging, and quality.  Other producers in Latin America and Asia have constantly improved their operations to match the innovations from Costa Rica.  Production in Costa Rica is conducted in a mix of intensive and semi-intensive ponds.  New broodstocks are constantly evaluated to improve growth rate and fillet yield.  The processing plant has been upgraded several times to increase efficiency and to provide new product forms and packaging.  Aquacorporacion Internacional has also been a major investor in market development with its Rain Forest Brand.  Other producer companies and countries have now determined that branding as well as generic advertising are needed to compete in this increasingly crowded market.

Zimbabwe (with its major producer, Lake Harvest, based at Lake Kariba) has become a major supplier to the European Union. Fish are grown in cages in Lake Kariba and then processed in a newly constructed processing plant.  Fresh fillets are flown three times a week to Europe.  Lake Kariba might be able to accommodate much more production, but political and environmental uncertainties have slowed further development.

REGIONAL PRODUCTION AND MARKETS

There are several counties that produce large amounts of tilapia but have little contribution to international trade.  Egypt is a major producer, but virtually all fish are consumed domestically.  Mexico, Colombia, the Philippines, and Cuba are major producers who have little impact on international trade.  Mexico and Cuba utilize programs described as “repopulation aquaculture”.  In these programs, government hatcheries stock fingerlings into reservoirs where they are later captured by conventional fishing gear.  The FAO does not recognize this as aquaculture as it does not meet the requirement of clear ownership through the life-cycle.  However, these countries include these fish in their aquaculture statistics.  As these fish are all exotic species in the reservoirs, and the repopulation efforts are ongoing, this chapter will include these in the national statistics presented here.  The uneven quality of these fish, and the diverse location of their capture, minimizes their potential as a product for international trade, but does provide an obvious benefit to the local fishers.

The Americas

Mexico (110,000 mt – 2002)

Mexico has the largest tilapia production in the Western Hemisphere (Fitzsimmons 2000). More than half of these tilapia are collected by artisinal fishermen in reservoir lakes.  The federal government, and several states, maintain hatcheries that stock fingerlings into reservoirs in “repopulation” programs.  Considering that most of these lakes have feral tilapia populations, the efficacy of these hatchery programs may be minimal, but all tilapia recovered are included in the Mexican aquaculture statistics.  There are also many conventional tilapia farms that provide product to municipal markets across the country.  Very little product is exported, although a few farms in the northeastern state of Taumalipas have exported to Texas in the past. Mexico has great potential to be a major producer of tilapia, with abundant water resources, highly-trained biologists, proximity to markets and North American Free Trade Agreement (NAFTA) trade benefits.  One unforeseen NAFTA problem in 2002 was imports of Chinese tilapia to Mexico through the U.S.  These products were shipped through the U.S. and relabeled as U.S.-product, free of tariffs under NAFTA.  Mexican officials fear that low-cost Chinese products could adversely affect the Mexican producers.

Brazil (75,000 mt - 2002)

Tilapia were first introduced into Brazil in the 1950’s.  The fish stocked into newly built reservoirs did contribute to the fishing community’s income and diet but never developed into significant market demand.   The first significant market in Brazil was for fee-fishing operations in Southeastern Brazil and small farm production in the arid Northeast.  Production in the Northeast followed the general development pattern of introduction for the rural poor. Consumption stayed at a relatively low level and lack of a vigorous breeding program led to declining growth rates of fish from inbreeding and stunted stocks of fish in ponds from overpopulation.  Tilapia were a small, but accepted, contribution to the diet of poor farmers.


In the more prosperous Southeastern states, tilapia were used in the developing fee-fishing industry.  Red-skin varieties were most popular, because the customers prefer the color of the fish and the operators appreciate the opportunity to observe their stocks in the ponds.  Demand has grown for the red-skin fish from people who were impressed with the quality of the fish from the fee-fishing operations.  They began to ask for the fish through their regular seafood suppliers.  Consumers in the Sao Paulo and Rio de Janeiro regions have increased demand to the level that restaurants frequently carry tilapia among the fish dishes.  


Tilapia consumption in Rio de Janeiro took a significant step up in conjunction with the Fifth International Symposium on Tilapia in Aquaculture in September 2000.  Jomar Carvalho Filho, one of the conference organizers, developed a “gastronomic circuit” in which area restaurants competed with their signature tilapia dishes during the symposium.  A cover article on the newspaper front page further publicized the events and the products.


In the Northeast region, several large-scale tilapia farms have been built using cage operations in reservoirs, flow-through pond farms, and intensive tank based production systems.  Most of these farms utilize the Chitralada strain of Nile tilapia, developed in Thailand, as the primary production fish.  Brazil will likely compete with China as the two major tilapia producers in the world.  Already Brazil has one of the most diverse tilapia industries.  Virtually every production method is being used from low input methods to high tech, computerized, recirculating systems.  Brazil has the greatest water resources of any tropical country and virtually the entire nation has adequate to ideal environmental conditions for tilapia culture.  Linking these environmental conditions to a large population, improving infrastructure, strong local demand and easy access to U.S., E.U. and Latin American markets indicate that Brazil will be a major force in international tilapia markets.

Another critical contribution from the industry in Brazil is leather derived from tilapia skins.  Leather producers developed a means of curing and dyeing skins that allow them to make an unlimited variety of products.  Belts, wallets, purses, and vests were the first items.  Skirts, briefcases, shoes, and even wedding dresses have followed.  This innovative and profitable conversion of a waste product into a valuable commodity will further support the industry.

Cuba (39,000 mt – 2001)

Cuba has a well developed industry with government supported hatcheries supplying reservoir stocking and cage culture.  Cuban scientists have selectively bred lines of O. aureus (Fonticiella and Sonesten 2000) and a genetically-modified O. niloticus (Martinez et al. 1999).  It is unknown if the genetically modified fish have been released for general stocking or for public consumption.  It is expected that cessation of the U.S. embargo with Cuba would lead to a rapid increase of exports of tilapia products to the U.S.  Cuba has ideal conditions for tilapia production, an established industry and plenty of U.S. investors who would contribute to preparing products to U.S. specifications. 

Colombia  (23,000 mt – 2001, government estimate; 60,000 mt – 2002, industry estimate)


Colombia was one of the early exporters of tilapia products.  In the late 1980s, Colapia and other large producers provided fresh and frozen fillets to domestic and U.S. markets.  During the 1990s, the demand within Colombia grew so fast, exports were eventually dropped in favor of the more lucrative domestic markets.  Additional farms have been built in Colombia but the demand for tilapia products has grown even more.  In 2001, Ecuador and Venezuela exported tilapia products to Colombia.  With the strong domestic markets, experienced producers, and abundant resources, one would expect Colombia to re-emerge as a major exporter once the political and economic instabilities are reduced.


Large cage operations in the state of Huila in western Colombia may bring Colombian tilapia back to international markets.  Cages, based on the design of Chilean salmon farms, have been manufactured in Colombia and stocked into deep reservoirs with floating feed sheds, sophisticated hatcheries, aerators placed around the cages, and other sophisticated infrastructure.

Costa Rica  (17,000 mt -2002)


Costa Rica has the single biggest tilapia farm in the world in Cañas.  As mentioned previously, the Aquacorporacion Internacional farm in northwestern Costa Rica has been a world leader in the development of high quality tilapia products. There are also several other Costa Rican farms that supply local and some international markets.  Costa Rica has excellent environmental conditions and a populace who are intensely interested to maintain clean water resources in the country.  Considering the stable political and economic conditions, growth of the industry in Costa Rica is likely to continue.

Ecuador (27,000 mt  - 2002)


As noted previously, in 2002 Ecuador was the single most important producer of fillets for trade in the Americas.  Each major viral outbreak in the Ecuadoran shrimp industry has been followed by a rise in tilapia production (Fig. 4).  The growth since the outbreak of white spot disease has been the most dramatic. Rapid diversification by shrimp farmers into tilapia production has been stoked by the strong market demand for tilapia products and the apparent benefits of polyculture of tilapia and shrimp.  Preliminary studies indicate that tilapia “condition” water by inducing a shift in the microbial populations (bacteria and algae) in the effluent water.  Subsequently, shrimp seem to be less susceptible to bacteria and viral infections.  Farmers across Ecuador have determined that tilapia farming benefits their overall aquaculture production, by improving shrimp survival and increasing shrimp sales, which have a much higher profit margin than tilapia.  The diversification also spreads financial risk, provides additional products to their customers, increases the scale of operations (thereby improving cash-flows, relations with feed suppliers, and other vendors) and increases employment.  

Honduras (13,000 mt) - 2002


Honduras has had a long history of tilapia culture with many small pond based farms across the country (Teichert-Coddington and Green 1997).  The export trade has seen rapid expansion in volume since 1997.  Large cage operations were begun in Lago Yajoa, near San Pedro Sula, in northeastern Honduras.  An intensive raceway-pond system was also built near Lago Yajoa.  Both operations produce high-quality products for export to the U.S.  Rapid growth of the industry and resulting exports are anticipated.

United States (9,000 mt –2002)

Tilapia production in the U.S. is mostly devoted to producing live fish for Asian restaurants and groceries. There are tilapia farms in most states supplying local markets.  There are also several clusters of farms that supply regional markets.  There is a concentration of farms in the Coachella Valley of Southern California that supplies Los Angles and San Francisco markets.  There is another group of farms in the Snake River Valley of Idaho that supply markets in Portland, Seattle, and Vancouver.  A small group of farms in western Arizona supply markets in Phoenix and Tucson.  All three of these clusters of farms use low-grade, geothermal waters to achieve year-round growth.  The farms in Arizona and California also make use of their locations in low elevation deserts to further warm their production systems.  The farms in the west all grow their fish in round tanks or in-ground raceways.  Some are covered with plastic for much of the year to further maintain temperatures, deter predation by birds, and reduce evaporation.  In California, much of the water is recycled using settling ponds.  In Arizona and Idaho, most of the water is used several times in consecutive growing units (tanks or raceways) before use for irrigation or eventual discharge to a stream.  


In the Midwest, and in the Eastern and Gulf coastal states, there are a number of farms that supply local markets as well as the large Asian communities in Toronto, New York, Washington, D.C., Atlanta, and Houston.  These farms utilize intensive recirculating systems that produce fish year-round.  The farms grow a combination of Nile tilapia, Mossambique tilapia and red strains.  Some farms deliver fish with their own trucks while others depend on live-haulers who cover huge areas.  Hauling live fish from farms in Minnesota or Florida to Toronto and New York is not unusual.  


Markets in the U.S. go through periodic upheavals when gluts of fish are dumped on the market.  This is usually the result of farms in financial difficulties resorting to sales at any price into established markets rather than carefully developing new markets as earlier farms have done.  Attempts to produce fish in the U.S. for the fillet market have been unable to compete with foreign products.  


Production of tilapia in the U.S. saw a decline in late 2001, mostly related to decreased sales after September 11, 2001.  Production levels in 2002 returned to the 9,000 mt per-year range.  Total consumption of tilapia in the U.S. in 2002 reached a level of 142,140 mt or 314 million pounds of live weight fish (Fig. 5 and 6).  Statistics released by the National Marine Fisheries Service and the National Fisheries Institute reported U.S. per capita consumption increasing from 158 g  (0.35 lbs) to 181g (0.4 lbs) of tilapia per year, between 2001 and 2002.  Thus moving tilapia from the tenth most popular seafood item to the ninth most popular.  This per capita consumption matches closely to the national consumption figure when we calculate the conversion of whole fish to the fillets preferred by most U.S. consumers.  This corresponds to only one fish per year per capita, which leaves tremendous potential in the market.


The mix of tilapia products imported to the U.S. has seen a drastic change in recent years (Fig. 7).  Whole frozen tilapia imports have increased, but the imports of fresh and frozen fillets have increased much faster.  This is a function of the increased level of processing occurring in the producing countries.  Even more impressive are the relative values of the products (Fig. 8) with fresh fillets representing almost 50% of the value and less than 25% of the volume.

Canada (500 mt – 2002)


The province of Ontario has about 5 tilapia farms that supply live fish to the Toronto market.  All of these farms are in greenhouses and utilize supplemental heat to produce fish in the winter months.  Some of the farms produce fish only in summer and over-winter breeders and fry. Calgary and Vancouver also have two or three farms each.  These farms utilize greenhouses or well-insulated buildings to maintain warm temperatures.  Little growth is expected from these farms, as the supply to the live markets from the U.S. is very strong

Africa

Egypt  (52,755 mt –1998 ,  El-Sayed 2001)


Tilapia, native to Egypt, has been part of the local diet for thousands of years.  Tilapia held in cages are depicted in ancient paintings.  This traditional version of aquaculture of tilapia is now supplemented with domesticated stocks.  Most tilapia production in Egypt comes from small-holder farms consisting of fish grown in conjunction with rice production, small cages placed in irrigation drainage canals, polyculture ponds with carps, and brackish-water ponds with mullet.  There are a few large-scale production operations; most notable the government supported farm at Maryut.  This farm, originally built with international aid monies, provides fingerlings, training, production ponds, and includes a retail seafood outlet.


One of the most important domesticated tilapia strains is the Nile tilapia from Lake Manzala.  This fast-growing strain has been used in several national and international breeding programs.  Research and development occurs at the Abbassa National Aquaculture Center.  This center is also the host site for a regional ICLARM (International Center for Living Aquatic Resource Management) effort.  The General Authority for Fish Resources Development (GAFRD) is another important contributor to the tilapia industry in Egypt.  Further growth of the industry is predicted based on the population size in Egypt and its hosting of the major research location in the region.  Production of high quality fillet products for export will take additional investment.

Eritrea (500 mt – 2002)


The Department of Fisheries of Eritrea has developed a novel seawater based tilapia farm in conjunction with a private firm, SeaWater Farms-Eritrea.  This project utilizes a red strain of tilapia grown in effluent from a shrimp farm.  Full strength seawater is used in the operation.  The Department of Fisheries also maintains an aquaculture center near the capital of Asmara, which includes a tilapia hatchery.

Kenya (1,000 mt – 2001)


There are several species of tilapia native to Kenya.  However, only the people living on the shores of Lake Victoria have traditionally been fishers and consumers of tilapia.  Kenya had one of the first commercial tilapia farms, built near Mombassa in the 1970s.  Tilapia have also been promoted for small-scale producers since the 1970s.  It is still a cottage industry with many farmers growing small numbers of fish.  The National Aquaculture and Fisheries Center at Sagana, in central Kenya, is a focal point of research and extension efforts.  Moi University, in Eldoret, also maintains an active academic and research program.  Market demand in Kenya is probably sufficient to absorb all local production for the foreseeable future.

Nigeria (4,471 mt – 2000)


Nigeria is another country that has such strong domestic markets and few, if any, tilapia product exports in international trade.  In fact, most of the countries of western and central Africa are in a similar situation.  Virtually all of these countries have significant wild harvests that are supplemented by farmed products.  Ivory Coast developed a system of production in acajas.  These are small ponds with bamboo or wooden posts driven into the pond sediments.  The posts provide substrate for filamentous algae, which in turn are consumed by the tilapia.  Posts are removed by hand before pond harvest.

Zimbabwe (5,000 mt – 2001)

Lake Kariba is the focal point for production in Zimbabwe.  Lake Harvest Aquaculture Ltd. is the major producer and processor.  Nile tilapia are the primary production fish.  Hatchery, fry and fingerlings are produced on-shore with fry in concrete tanks and fingerlings in ponds.  Large modern cages, adapted from the off-shore style salmon cages, are placed in Lake Kariba where they are serviced by boat.

Asia

China (706,000 mt – 2002)


China has developed its own model for the tilapia industry.  Tilapia are grown in almost every province, but the vast majority are grown in the southern provinces of Guangdong, Hainan, Fujian, and Guangxi.  Provincial hatcheries produce and sell most of the fry and fingerlings to small farmers.  These state-managed hatcheries are meant to operate with a small profit.  Farmers grow their fish in small family-operated ponds that have rapidly intensified and now use prepared diets. Feeds are produced by many regional feedmills.  Farms that have electrical connections have begun using feedblowers, which are manufactured in China for export worldwide. Some farms have begun using paddlewheels for aeration. Diesel or electric engines are most often used to power these paddlewheels.  Pond harvest is accomplished by either custom harvesters or by teams sent from the processing plants.  Processing plants are an uneven mix of old and new facilities.  The newer plants are often joint ventures with partners from Taiwan, the U.S. and Canada.  Government-backed loans appear to be available to support new plants.


A processing industry association is actively working to improve standards through the production and processing chain, following Hazard Analysis at Critical Control Points (HACCP) and ISO guidelines.  As China continues to improve the consistency and quality of its tilapia products its pricing structure has had to remain static to compete with products from many other producers.  As the cost of living and conducting business in China increases, productivity gains will become more critical to maintain a competitive export trade.  Additional growth is expected as production intensifies and additional markets are developed, domestically and in international trade (Figure 8).

Philippines (92,284 mt  –  2000)


The Philippines has long been one of the leading research locales for tilapia aquaculture.  Tilapia production is common throughout the archipelago and major research locations are found at Iloilo, Los Baños, and at the Freshwater Aquaculture Center associated with Central Luzon State University in Muñoz.  For many years, the International Center for Living Aquatic Resource Management (ICLARM) was based in Manila. The ICLARM is the aquaculture representative of the Consultative Group on International Agriculture Research (CGIAR), the top-level international agriculture research centers


Per capita consumption of tilapia in the Philippines may be the highest of any country.  It is considered a staple of the diet.  Value-added forms are becoming more common as the middle class grows and urban workers look for time saving preparations in their food purchases.  Several processing plants are beginning to provide products for international trade. 

Thailand (100,000+ mt  –  2001)


Thailand is another major producer and research center for tilapia aquaculture.  Virtually all of the production in Thailand occurs in the private sector.  A number of very sophisticated hatcheries have developed their own selectively bred strains. Some of the red strains are barely recognizable as tilapia, with altered body forms yielding vastly increased fillets and reduced head and tail, for a high fillet-to-body-weight ratio. The Charong Pokpan (C.P.) Group has a strain that they have trade-marked as “Top Tim”.  These fish are strongly promoted with posters, table tents and other advertising.  C.P. Group and others have developed supplies and market-channels for frozen fillets.  Uneven quality has slowed growth, but efforts to improve consistency should improve the market standing of Thai products.  Thai farmers are also experimenting with polyculture of tilapia with shrimp and development of strains of red tilapia that will thrive in higher salinity waters.

Indonesia (75,000 mt – 2001)


Another common name for O. mossambicus is the Java tilapia. They were erroneously given that name because one of the early strains was distributed in the 1950s from the island of Java.  But these fish had been introduced in the 1930s from Africa.  Tilapia were widely dispersed across Indonesia and now constitute one of the major aquaculture crops. However, the people of Java are still the largest per capita consumers of tilapia.  Major cage operations produce fillets for the domestic and international market.  Additional farms are planned to further increase exports.

Vietnam (3,000 mt - 2001)


Vietnam has developed a series of government-operated hatchery/research centers.  These centers sell high-quality fry and fingerlings to farmers.  The goal is to rapidly increase the tilapia aquaculture sector as they have done with shrimp and basa (Pangasius sp.).  Vietnam has begun exports of tilapia, but the levels are fairly small compared to production of shrimp and basa.  The southern provinces have the better growing conditions, but most of the hatchery facilities have been built in the north and middle provinces, which are more in need of economic development.

Malaysia  (15,000 mt – 2001)


There are strong domestic markets for tilapia.  A mix of technologies is used with production scattered across the country.  Many new farms are under construction with many targeting international markets. Aquaculture in Malaysia has received a boost with the transfer of the ICLARM, recently renamed the Fish Center, to Penang from Manila.  Tilapia has been substituted for native fish in several traditional Malaysian recipes and become one of the staple fish dishes.

Middle East 

Israel ( 7,000 mt – 2001)


Two species of tilapia are native to Israel and they have been a part of the diet since biblical times.  Israel was one of the early centers of domestication of tilapia and continues to be a focal point of research.  Researchers in Israel discovered the skewed sex ratios of certain hybrid crosses and developed the primarily male culture systems that have been so important to the industry.  New advances include super-intensive production systems using greenhouses, and integration with vegetable production.  Cooperation between Arab and Israeli tilapia scientists has been invaluable to the continued expansion of the industry in the region. 

Jordan  (1,000 mt – 2001)

Tilapia comprised the bulk of aquaculture in Jordan in 2001.  There were 5 major tilapia farms and 15 small farms.  Virtually all of the farms grow O. niloticus.  The total production is approximately 1000 mt/year; 600 mt are consumed in Jordan with 400 mt being exported. The major farms are all in the Jordan River Valley.  

Jordan Valley Fish Farm (JVFF) is the biggest farm and major exporter.  JVFF uses an intensive recycling system to rear its fish.  The system is enclosed in a greenhouse to maintain growth in the winter months.  Algae and bacteria are encouraged in the production tanks both as part of the biofiltration system and as an additional food source for the omnivorous tilapia. JVFF uses a depuration system to purge its fish to guard against off-flavors.  They also maintain a modern processing plant that produces high-quality products including gutted fish, and boneless fillets for domestic and international markets.

The next biggest farm is the Al Natoor farm, slightly north along the Jordan Valley.  This farm utilizes a mix of raceways and ponds (concrete and soil lined) to grow their fish.    A greenhouse is used to cover several raceways and gain additional warmth and provide protection from predatory and parasite carrying birds.  The raceways and ponds utilize paddlewheels to increase dissolved oxygen levels.   They also use a combination of ponds and raceways for production.  Like the Jordan Valley Fish Farm, they use paddlewheels to increase aeration and water mixing.  

Most of the farms use well water, as the Jordan River in this area is highly polluted with agricultural wastes.  Some of these wells are in geothermal aquifers which provide warm-water for the few times in the year that the weather cools.  Some of the farms utilize their effluents for the irrigation of field crops.

The smaller farms are at higher elevations surrounding Amman.  These farms produce tilapia using greenhouses for year-round production, and ponds for seasonal growth.  Most of the fish from these farms goes directly to Amman or local markets as fresh fish on ice.  All of the Jordanian farms are using pelleted diets.  Some of the feed is produced domestically and some is imported from Saudi Arabia.

INDUSTRY PREDICTIONS AND OUTLOOK

1. Further farming intensification in virtually every country.

2. Production will be 75% Nile tilapia, 20% Red strains, Blue tilapia and Mossambique tilapia will mostly be used for hybridization.

3. Use of highly domesticated strains will increase rapidly.
4. Production will be 50% semi- or intensive ponds, 25% cages, 10% intensive recirculating systems, with the balance coming from “repopulation” and extensive operations.

5. Leather goods from skin will become a significant contributor to profitability.

6. Skins will become increasing valuable as a source of gelatin and pharmaceuticals.

7. Processing and "value-adding" will intensify in producing countries. 
8. Polyculture with shrimp will become common in most shrimp farming areas.

9. Production in the U.S. will increase slowly, intensifying current production.
10. Brazil will challenge China as the world’s biggest producer.
11. Worldwide farmed-tilapia production will exceed 1,500,000 mt in 2003 and 2,000,000 mt by 2010, if not sooner.

12. Direct full-time employment in tilapia farming, processing and marketing will exceed one million worldwide.

Increasing markets

1. Increasing demand/markets should begin in the producing countries.

2. Opening new markets will be especially critical in China, EuropeanUnion, Japan, Korea, Brazil, and the U.S.

3. Many techniques can be used to build markets.

4. Many marketing techniques are free or low cost (product placement, samples, live tanks, Web sites)

5.   All effective marketing formats require investment (personnel, time, and money)
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TABLE 1. Major tilapia products in international trade and main suppliers.
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Figure 2.  Production of tilapia from fisheries and aquaculture
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Figure 3.  Sources of tilapia consumed in the U.S. 
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Figure 5.  U. S. consumption of tilapia (live weight equivalent) 

[image: image8.wmf]Volume of tilapia product forms imported to the U.S.

Fillet Fresh

Fillet Frozen

Whole Frozen

0

10000

20000

30000

40000

50000

60000

70000

80000

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

Metric tons

Whole Frozen

Fillet Frozen

Fillet Fresh


Figure 6.   U.S. domestic production and imports
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Figure 7. Tilapia products imported to the U.S.
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Figure 8.  Value of tilapia products imported to the U.S.
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Figure 3.Increase in production
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Figure 5. US Production & Consu
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Figure 1.  World Production
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Figure 3.Increase in production
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Data 2003
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				1,344,239

						1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002
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				Aquaculture		189,426		226,951		244,137		285,390		309,106		363,380		397,601		415,071		501,262		560,134		604,397		711,160		821,116		938,169		972,694		1,099,268		1,220,000		1,344,239		1,491,232
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Figure 5. US Production & Consu

		

				1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		US Production (LWE)																		2700		3500		4900		5700		5900		6800		7,681		7,600		8,300		8114		9,068		8000		9,000

		Imports (LWE)																						4,414		14,645		22,161		24,147		28,077		37,000		42,545		60,865		61,790		95426		124,000

																								4,414		14,645		22,161		24,147		28,077		37,000		42,545		60,865		61,790		95426		124,000
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Tilapia imports

				kg (000)		kg (000)		kg (000)		kg (000)		kg (000)		kg (000)		kg (000)		kg (000)		kg (000)		kg (000)

				1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Fillet Fresh		216		586		890		1460		2063		2823		3590		5310		7069		8611		14187

		Fillet Frozen		145		612		2347		2166		1698		2499		2696		4971		4511		5786		12252

		Whole Frozen		3028		10046		11318		12063		15267		19122		21534		27293		24591		27689		40748

						$		$		$		$		$		$		$		$		$

				1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002
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		Fillet Frozen		612		2347		2166		1698		2499		2696		4971		4511

		Whole Frozen		10046		11318		12063		15267		19122		21534		27293		24591

		Live Sales		5682		5900		6852		7506		8636		9089
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Figure 3. 1998 US Tilapia Supply
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								2002 US TILAPIA SUPPLY (JAN- NOV

						kg LWE				Fresh fillet		Froze fillet		Froze whole

				US		9,000

				OTHER		2329.4				143		522		304

				CHINA		42186.5				844		6026		19615

				BRAZIL		483				112		49		0
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