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EXECUTIVE SUMMARY:

Tilapia culture has rapidly grown to be a major component of global aquaculture.  Worldwide production in 2003 will exceed 1,500,000 metric tons of live fish.  China is the world’s largest producer and consumer of tilapia products, while the United States is the world’s largest importer of tilapia products. US consumption of tilapia will exceed 150,000 metric tons of live weight in 2003.  The demand for fresh fillets of tilapia is the most lucrative and fastest growing sector of the US and global market.  Most of the fresh fillets consumed in the US are imported from South and Central America.

A significant portion of these imports to the US comes from Costa Rica and Honduras.  Nicaragua would be a logical additional producer and supplier of tilapia products to the US.  Like its neighbors, Nicaragua has the tropical conditions that are optimal for fish growth.  There are abundant supplies of high quality water, land costs are relatively low and a rapidly growing workforce is looking for additional employment.  Nicaragua should also be able to develop a significant local market for farmed tilapia products. 

In the first three months of 2003, Nicaragua had not imported any tilapia products to the US.  In the entire year of 2002, imports were only 871 kg of fresh fillets and 24,619 kg of frozen fillets, a total of just over 25 mt.  This demonstrates that there is an ability to produce the product and get it to the US.  Now the goal should be to identify how to produce more tilapia at a competitive cost and identify the market channels that will allow product penetration and for the producers to get the price they need.  

The current price for fresh tilapia fillets in Miami FL varies between $2.80 and $3.55 lb, depending on fillet size, volume quality, type of skinning, and terms of payment.  These prices have been stable or have edged down for several years.  In fact, when considering that buyers have demanded deeper skinning, better trimming, better packaging, better quality control, and a devalued US dollar, the return to the processor and farmer has decreased considerably.  

The following report will provide descriptions of tilapia production systems and a detailed look at competitors in the tilapia production sector, the markets for tilapia products and techniques for entering into the international trade in tilapia products.  It should be noted that tilapia production has entered into the stage of a commodity product and that prices in the US are unlikely to increase.  A successful operation will need to be a low cost producer and will need to explore and develop domestic and international markets to ensure success.
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INTRODUCTION:

Tilapia, native to Africa and the Middle East, are one of the world’s most important food fishes.   People living in the native range of tilapia have caught these fish in the wild for millennia. Tilapia is a common name that is now applied to several genera and species of fish that were formerly classified in the genus Tilapia, in the Family Cichlidae.  In the reclassification scheme developed by Trewavas (1983) the several hundred species of Tilapia were split into three genera, Oreochromis, Sarotherodon and some remained as Tilapia.  The Oreochromis are maternal mouthbrooders, the Sarotherodon are paternal mouthbrooders and the Tilapia are substrate spawners.  The species that are most commonly reared in aquaculture are in the genus Oreochromis.  These include the Nile tilapia, Oreochromis niloticus, the Mozambique tilapia, O. mossambicus, the blue tilapia, O. aureus, and O. urolepis hornorum, sometime called the Wami River tilapia.  These species will all readily hybridize in captivity.  There are now many strains of the parent species along with many hybrid strains available to growers.  These will be described in some detail later in the chapter. There are also several species in the genus Tilapia and the genus Sarotherodon that are of interest to aquaculture.  Tilapia, like the other cichlids, are of special interest to hobbyists and ecologists.  Tilapia in Africa have been intensively studied for the species clusters that have evolved in the Rift Lakes of East Africa.  Some lakes contain over one hundred species in a single genus.  Some of the tilapias native ranges extend up into Israel and Syria.  One of the common names for the fish is St. Peter’s fish.  This comes from the fact that two species of tilapia are native to lakes in Israel and are reputedly the fish that were caught by the Apostles and that Jesus used to feed the multitudes as recounted in the Bible. 

Domestication of the tilapias started in the 1950’s and 60’s with groups working in several countries (see the section on breeding programs and strains).  Tilapia have been important to aquaculture because of the ease with which they can be bred in captivity and the wide variety of water conditions in which the fish will grow.  Various strains can be grown in water varying in salinity from fresh water to full strength seawater (35 ppt).  They will grow in water ranging from acidic (pH of 5) to alkaline (pH of 9).  Tilapia can survive low dissolved oxygen (<2 mg/l) and high ammonia levels (50 mg/l) for longer periods than most other fish.  Consequently, they can be grown in densities greater than virtually any other kind of fish.  These characteristics make them ideal for aquaculture.

Another characteristic that facilitates selective breeding and domestication is their reproductive behavior.  The tilapias used in aquaculture are maternal mouthbrooders.  A female lays her eggs in a simple nest prepared by the male, the male fertilizes the eggs and then the female picks the eggs up and incubates them in her mouth.  Even after eggs hatch, fry will remain in the mother’s mouth.  Once the fry are free-swimming they will return to her mouth for protection.  Females can produce several hundred to several thousand young per spawn.  The high level of parental care allows breeders to quickly raise thousands of young for directed selection or for stocking into production units. Another advantage is that the adults become sexually mature in less than six months, when they are still a fraction of their potential size.  This is an additional advantage for selective breeding, allowing several generations to be produced in the time it takes other fish to reach maturity.   The drawback to this high potential for reproduction is that tilapia introduced to new (exotic) locations can quickly spread and impact native fish populations.  Likewise in production ponds without predators, tilapia can over-populate ending up with large numbers of small, stunted fish.  This can present a serious problem for aquaculturalists who are attempting to rear a large size fish for market.  Several methods are used to avoid over-population and stunting that will be reviewed in the section on production techniques.

Eggs of tilapia are relatively large and fry are hardy and omnivorous.  Fry readily feed on a variety of foods including periphyton and phytoplankton (attached and floating algae), zooplankton and powdered feed.  This allows the culturist to further manipulate spawning by removing the young from the female and raising them independent of the mother.  Removal of fry will encourage the female to begin eating again, she eats little while brooding, and be ready to spawn again in several weeks.  Sex of fry can be manipulated in several ways.  Undifferentiated sexual organs of juvenile tilapia can be induced to produce phenotypic all male or all female populations. Males grow more rapidly and crops of primarily males will avoid problems associated with unwanted spawning.  There are several methods and reasons for this “sex-reversal”, that will be covered in detail in the section on reproductive biology. 

Another reason that tilapia are prized as aquaculture species is because they are herbivorous or omnivorous, depending on the species.   In nature, tilapia receive all of their nutrition from algae, higher plants, detrital matter and/or small invertebrates.  This makes it easy to grow the fish in ponds with minimal inputs of feed or fertilizer in extensive aquaculture.  If semi-intensive systems are used to generate greater production from a facility, fertilizers can be used to produce algae and zooplankton.  In intensive production, feeds containing primarily plant proteins can be fed.  These inputs are considerably less expensive than the costly feeds containing high percentages of fish meal or other animal proteins that must be fed to carnivorous fish.  Consuming herbivorous fish is a more ecologically efficient transfer of energy and protein to human consumers than using carnivorous fish that require fish or other animal proteins in their diets.

These are just of few of the reasons that tilapia have become one of the most important domesticated fish around the world.  The following sections describe some of the most common techniques employed to rear what may become the most import fish in aquaculture in the coming decades.
Culture Methods

Another factor that contributes to the widespread use of tilapia in aquaculture is the diversity of systems that can be used to rear tilapia.  In Nicaragua, small producers have grown tilapia for local markets for several years.  For the most part these farmers have used extensive culture systems, with a few growers using semi-intensive cage culture systems.

Using extensive aquaculture methods, the fish can be grown in small ponds or lakes with no additional inputs.  The young are stocked and adults are harvested.  The yield per hectare may be small, but so is the investment.  More intensive systems use increasingly greater inputs.  The acadja systems, developed in Western Africa, incorporate stakes or poles driven into the bottom mud of ponds.  The stakes provide substrate for attachment of algae and bacteria that tilapia will graze.  This novel approach increases productivity without fertilizing.

Fertilizer is an additional input that can greatly increase fish yield.  Input of organic or inorganic fertilizers increases production of algae and then invertebrates and bacteria that graze on, or decompose algae, respectively.  Tilapia, in turn, graze on algae, invertebrates, and bacteria.  A good fertilization program can increase the tilapia yield of a pond from several hundred kilograms per hectare per year to several thousand kilograms per hectare per year.  Pond culture can be optimized through several technologies.  Egna and Boyd (1997) provide a thorough review.   

Cage culture is a more intensive method of rearing tilapia. Cage culture has been attempted in Lake Nicaragua with mixed results.  Harvest densities can reach 169 kilograms per cubic meter (Carro-Anzalotta and McGinty 1986). Cages can be constructed out of very simple bamboo poles and nets or made with steel and plastic materials.  By increasing the density of fish and keeping them concentrated, the farmer has better control over feeding, can reduce unwanted reproduction and can simplify harvest.  Cages are especially useful for producers who must use public or communal waters including village ponds, lakes, bays or irrigation systems.  Very large farm operations have been developed in the Philippines, Indonesia, Brazil, Colombia and Honduras based on cage culture that provide jobs for thousands as members of cooperatives or employees of companies. The fish produced are for domestic consumption and international trade.

Intensive flow-through ponds or raceways are the preferred method for large-scale commercial production in many countries.   Ponds of a hectare or less, raceways or tanks are built with complete exchanges of water measured in hours.  Supplemental aeration may be provided with paddlewheels or air injection.  These farms use tilapia stocks selected to thrive under crowded conditions.  Systems like these are especially attractive in areas that can recover the effluent water from these farm operations for field crop irrigation.  Wastes from the fish provide good fertilizer for field and tree crops and the producer does not need to worry about polluting the environment.

Other forms of integrated tilapia culture have been developed in Asia based on traditional carp culture.  In these systems agricultural wastes from a farm are used to fertilize ponds. Afterwards, pond water and nutrient rich muds are used in vegetable gardens.  In rice growing areas from Southeast Asia across the Indian sub-continent to Egypt, tilapia are often grown in rice paddies.  The fish help to control insects, aquatic weeds and algae that compete with the rice for fertilizers.  Tilapia can then be harvested with the rice yielding an additional edible crop from the same field.  The channels used to drain water from the field even provide a convenient area in which to capture the fish.

Integration of tilapia culture with hydroponic vegetable production is a high technology version of an integrated system.  The hydroponic plants can be used to filter the wastes from the tilapia and water can be returned to the fish or discharged from the facility (Rakocy 1993).  Since the plants thrive on the nitrogenous wastes of the fish and the roots of the plants support bacteria that will further filter the water, this ecological system has become popular both as an efficient food production system and as a teaching tool in many schools.  In Europe and North America, greenhouses that support year-round fish and plant production can be used to supply live tilapia, fresh herbs and vegetables to consumers willing to pay for such luxuries.

The market for live, fresh tilapia has led to the development of the most intensive of all aquaculture systems.  These highly engineered systems recirculate virtually all the water in the system.  They use a variety of physical and biological filtration systems to maintain water quality and retain heat in the water that often must be added by electric or gas heaters.  The fish are reared in concrete, fiberglass or plastic lined tanks.  These systems represent the most intensive systems, requiring large investments of capital, technology and rearing skill.  The cost of production is high, but market prices for live fish can justify the investment.

Tilapia is the only fish grown in all of these production systems.  In addition, many of these systems are also used in brackish or even full strength seawater to raise tilapia.  The analogy of raising tilapia from ranching to feedlot style does not do justice to the vast array of culture techniques employed to cultivate them.  All of the systems listed above have been successful in appropriate settings.  Of course some have failed when the technology does not fit the appropriate economic conditions.  Tilapia production is still increasing using each of the techniques listed above.

Simultaneous polycultures with shrimp:  The growing shrimp farming industry in Nicaragua may benefit from incorporation of tilapia production into the normal production procedures. Stocking tilapia and shrimp together in a pond has been only marginally effective.  Farmers report that if significant numbers of both fish and shrimp are stocked, tilapia will consume feed before it can reach the shrimp.  Tilapia eating pellets off feed sampling trays is another frequent complaint.  This complicates management and reduces shrimp yield.  Stocking unequal populations of fish and shrimp have yielded better results.  A few tilapia stocked in a shrimp pond, or a few shrimp stocked in a tilapia pond, allows the farmer to manage for the primary crop and take the secondary crop as a small bonus.  Assumptions that tilapia might consume diseased shrimp before they could be cannibalized have not be supported by farmer’s observations.  Instead, tilapia appear to congregate in surface waters and not consume even decaying shrimp.  Tilapia will however reproduce brackish water ponds, leaving large numbers of unusable fry.  From an operational aspect, farmers report that fish and shrimp can be harvested together with some, but not excessive, extra effort.

A much more successful style of simultaneous polyculture has been to stock tilapia in cages or net pens inside shrimp ponds.  Farmers on Negros Island in the Philippines have been pioneers of this method.  Net pens are constructed in the center of rectangular ponds stocked with shrimp.  Paddlewheels circulate water that carries uneaten food and other waste materials into the interior of the net pens.  Tilapia consume the wastes and grow as well as fish stocked in a monoculture tilapia pond.  Wastes do not accumulate in the center of the pond as is normal in shrimp ponds.  Anecdotal reports suggest that shrimp survival is higher in the polyculture ponds than in adjacent ponds due to the changes in bacterial and algal populations.  

Floating cage culture of tilapia in shrimp ponds is practiced in some locations in Thailand.   Farmers report many of the same water quality benefits.  On these farms, multiple cages are stocked in front of paddlewheels to maintain water quality in the cages.  Changes in bacterial and algal communities have been noted, but the floating cages do not appear to help significantly with accumulations of wastes in the pond center.

Sequential polycultures:  Many tilapia-shrimp farms in South America and Asia have adopted a crop rotation scheme.  Alternating crops appears to reduce the prevalence of shrimp diseases and improve production of shrimp.  It is assumed that tilapia interfere with disease transmittance by consuming or disrupting potential disease vectors, and by altering the bottom sediments removing concentrations of anaerobic wastes.  Another common method is to rear tilapia in water supplied to shrimp ponds.  Growing tilapia in a reservoir pond has been used to condition the water for shrimp in Arizona, Ecuador, Peru, Thailand and the Philippines.  On farm trials and lab results indicate that metabolic wastes encourage more green algae to bloom and that bacteria associated with the mucus coating of the fish provide a probiotic effect.  Beneficial populations of luminescent bacterial are found in higher numbers than the pathogenic luminescent bacteria.

Finally, some farms rear tilapia in the effluent water from shrimp farms.  This practice in Eritrea, Hawaii and Ecuador provides an extra crop from production water, but does not seem to provide any particular benefit to the shrimp or tilapia.  It may however, improve effluent quality before discharge from the farm.

Harvest

For tilapia products that are bound for higher value domestic and international markets, control of off-flavors is a critical requirement.  Monitoring for off-flavor is a process that begins before harvest and continues throughout processing.   Fish from ponds are most likely to have accumulated geosmin and/or methylisoborneol (MIB) at levels that would impart objectionable tastes and/or odors.  However, intensive recirculating systems have also been known to develop off-flavors.  The most common method for determining if fish is off-flavor is to cook a freshly cut fillet in a microwave oven.  Some testers will cook the fillet inside a paper or plastic bag to concentrate any odors.  The odor may be obvious just by smelling the contents of the bag.  Otherwise the taste tester will eat some of the fish to detect off-flavor.  Some testers have the ability to detect geosmin and MIB at levels of 4 or 5 parts per billion. 

Fish are normally sampled a week before a tentative harvest.  If detected, the standard method to eliminate off-flavor is to place the fish in clean flowing water for several days.   This is normally sufficient to allow for elimination of the offending compounds.   Taste testing will be repeated to insure the fish is free of off-flavors.  Most processors will repeat testing at several points in processing as part of their quality control.

Tilapia harvesting varies considerably depending upon the culture system.  Ponds are normally partially drained and then harvested by use of a seine.  The fish may be lifted out by hand or with a large scoop net, often suspended from a crane or back-hoe.  More sophisticated ponds and raceways may use a harvest box that concentrates fish for removal using nets or baskets.   Cage culture typically uses a large bar placed across the top of the cage.  One side of the cage will be pulled up and over the bar concentrating the fish in the increasing smaller part of the net.  The process continues until the fish are concentrated into one corner where they can be lifted out by hand or scoop net.  The largest farms may use fish pumps or other mechanical means to remove fish.  Many farms will use graders to separate harvest size fish and either leave small fish in the production system, or remove them to another production unit.

Most major farms now incorporate a depuration stage between harvest and processing.  This is normally a specially designed pond or tank system designed to clear the fish of off-flavors and eliminate materials from the gastro-intestinal system.  Purging fish in this manner may lead to a 4% loss in weight.   This may be a significant additional cost for the grower, but it greatly reduces the chances of off-flavor, reduces the amount of fish waste in the transport water and reduces the threat of contamination of product with fish waste. 

Most fish are delivered alive to the processing plant to assure the highest quality of the processed product.  At larger, fully integrated farms, the processing plant may be on-site and fish may be delivered by flume or other mechanical means.  When transported from a remote farm, fish are delivered in live haul truck.  Crude live haulers may utilize an open top canvas bag suspended by rails on a stake-bed truck.  More sophisticated haulers use specially designed fish hauling boxes equipped with aerators and/or compressed or liquid oxygen.   In all cases it is important to deliver fish to the processing plant alive and with a minimum of physical damage.  Some farms will begin chilling fish, but most will deliver fish at ambient temperatures.

Byproducts – Skins have become the most valuable byproduct from processed tilapia.   There are three primary markets.  First, skins have been used to make a variety of leather goods.  In Brazil, several companies have extensive product lines including clothing and accessories. The second market is as a snack food.  De-scaled skins can be cut into thin strips and deep fried. These are especially popular in Thailand and the Philippines.  A third market for skins is as a pharmaceutical product.  European companies are substituting material from tilapia skins for mammalian products for the gelatin used to make time released medicines.

Another by-product is the trimmings and heads. Heads are used for soups in some countries.  Post-ocular and throat muscles can be recovered and used for ceviche and other preparations using small amounts of meat.  Recovery of flesh through de-boning of pin bone cuts and skeletons can provide a base for fish sticks or other highly processed forms.   Carcasses, heads and trimmings can be used for animal feeds, especially hogs.

World Markets for Tilapia - Outlooks and Production:
During the 1990’s, 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. .  The hatchery technology is relatively simple and because of the ease with which tilapias can be hybridized, and the several species that readily hybridize, they have a large genetic base. 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.  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 (Figures 1 & 2). 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 1930’s 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 into the 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 1980’s, efforts to domesticate tilapia made rapid progress and in the late 1980’s and 1990’s large-scale aquaculture operations appeared and began the international trade in tilapia products.  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 will allow tilapia to surpass the salmonids and may even eventually overtake the carps to become the most important farmed fish.

Home consumption (Auto consumption):   This may be tilapia’s most important market from a social standpoint.  Millions of small farmers in over 100 countries supplement their diet with occasional meals of tilapia.  The wide distribution of tilapia species in the 1900’s 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 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. (Neira and Engle, 2001; Funez, et al., 2001; Engle, C., 1997)
Micro enterprises:   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 and others market further value added product, typically at a road-side restaurant.   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 reared.   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 kill most parasites or 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.

Tilapia produced for international trade:   In the mid-1980’s the only tilapia product found in international trade was whole frozen tilapia grown and exported from Taiwan.  There have been tremendous increases in the number of producing countries who are exporting tilapia and in the quantity and quality of the processed fish.  High quality, low-cost 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 1990’s.  The tilapia industry is currently in the middle stages 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 US (Figure 1.) and the various product forms would take an entire page to list. Fillets alone are available in different sizes, packages, skin-on, off or deep skinned, ozone dipped, CO treated, IQF, sashimi grade, and as izumi-dai.  Whole and gutted tilapia are available, tilapia skins frozen, salted, and even deep fried are all traded internationally.  Tilapia leather goods including purses, wallets, belt, vests, skirts and dozens of other products are now available. A complete description of producers, products and trade would fill an entire book so only a synopsis will be provided here.

China has become the single most important producer and supplier of tilapia in the world.  Chinese production of tilapia grew slowly for several years after O. mossambicus were first introduced in the 1950’s.  The introduction of O. aureus and O. niloticus in the late 1970’s provided a boost to the industry.  Production of primarily male fish through use of hybrid crosses or sex reversal provided a second advance. Introduction of red skinned strains has provided another boost 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 US 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 underreported in the official statistics.  Officials and scientists in these countries provide several related explanations (Mair, Bolivar, Phoung, Phu, Lin, and Edwards, personal communications).   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 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 sequential viral epidemics 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 US market.

Jamaica pioneered the market for fresh tilapia fillets in the U.S. in the late 1980’s (Figure 3).   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 the Lake 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.

Table 1. Major tilapia products in international trade and main suppliers.

	
	Whole fish frozen
	Frozen fillets
	Fresh fillets
	Skins
	Leather goods

	China
	X
	X
	
	
	

	Ecuador
	
	X
	X
	X
	

	Costa Rica
	
	
	X
	X
	

	Indonesia
	
	X
	
	
	

	Thailand
	
	X
	
	
	

	Honduras
	
	
	X
	X
	

	Zimbabwe
	
	
	X
	
	

	Brazil
	
	X
	
	
	X


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, Cuba, Colombia and the Philippines are other 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 we 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.  Colombia and the Philippines have such strong domestic markets, they do not export significant quantities.

Production and Markets in the Americas

Mexico (110,000 mt – 2002)

Mexico has the largest tilapia production in the Western Hemisphere (Fitzsimmons, 2000).  Approximately 40,000 mt 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 Tamaulipas 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 US.  These products were shipped through the US and relabeled as US 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 est.)

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 markets in Brazil were 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 introductions 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 dish during the symposium.  A cover article on the newspaper front page further publicized the events and the product.

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 O. niloticus 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 official estimate, 60,000 mt – 2002 industry estimate)

Colombia was one of the early exporters of tilapia products.  In the late 1980’s, Colapia and other large producers provided fresh and frozen fillets to domestic and U.S. markets.  During the 1990’s 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 cages, 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.

Colombia is likely to re-enter the export markets for tilapia as the production grows and the domestic economy continues a low growth phase.  The abundance of high quality water, established growers and infrastructure and skilled scientists and production managers should make Colombia a strong competitor.

Costa Rica  (17,000 mt –2002)

Costa Rica has the single biggest tilapia farm in the world in Cañas (www.tilapia.com). 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)

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 (Figure 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 (bacteria and algae) populations 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.  

Ecuadoran farms have collaborated on market development and advertising.  The website www.eattilapia.com is supported by several Ecuadoran farms and their US marketing partners, Tropical Tilapia.  

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.  These operations have been joined by additional intensive farms who produce high-quality products for export to the U.S.  Rapid growth of the industry and resulting exports are anticipated.

Nicaragua (500 mt – 2002 est.)

Lake Nicaragua supports a significant tilapia fishery that supplies local markets and minimal exports.  The entire volume of exports to the US in 2001 was 21 mt, 2002 was just over 25 mt and no exports were reported for the first three months of 2003.  A number of small farms also supply local markets.  Large-scale farms are likely to be built in the southwest part of the country, near the Costa Rican border, or in the northwest in conjunction with the shrimp growing region.

In 2001, Neira and Engle conducted a survey of 261 restaurants, grocery stores and local markets to determine the attitudes of buyers toward tilapia products.  They documented the reasons why the outlets did or did not sell tilapia.  They also compared the tilapia products to other locally available fish products. 

In general they found that tilapia products did not sell for as high a price or as high a volume as wild caught marine fishes.  However, at slightly lower prices the fish did sell in significant quantities.  Also, they noted that there were variations in the quality of the tilapia provided.  Some of the problem areas noted were that wild tilapia caught in Lake Nicaragua sometimes had off flavors and were subject to “pollution” from the Lake.  Most buyers preferred to purchase farmed product that had a known history and could be depurated to insure good flavor and no pollutants. Most vendors expected their sales of tilapia products to increase in the near future.  All outlets demonstrated a preference for fresh fillet products.

This study demonstrates that potential large-scale producers should include domestic markets in their overall business plan.  The large growers in Costa Rica, Honduras and Ecuador have found that domestic markets are some of their most profitable.  It should also be noted that major producers including Colombia, Mexico, Brazil and Cuba have minimal or zero exports and consume virtually all of the tilapia produced domestically.

Panama  (2,000 mt – 2002)

Panama has had small farms for many years.  Two large-scale intensive pond farms are in planning stages.  Panama is likely to become a significant exporter because it already has excellent transportation and other infrastructure facilities. 

Paraguay (100 mt – 2002)

Tilapia were introduced in the 1960s and populations were established in the watershed of the Rio Plata. A fish farming cooperative has been organized to produce tilapia for domestic markets.  The cooperative supplies 5 mt per month and has processing capabilities (Frank Fragano, personal communication).  Additional production capacity is being developed and they hope to market frozen fillets to U.S. markets. 

Future trends - A slight increase in local consumption will occur and exports to U.S. and Brazil will develop.

Peru (1,000 mt – 2002)
Peru has had an up and down and up experience with tilapia. Many regions of the country are ideal for tilapia production, which peaked in 1992 with 250 mt.  By 1996 production had decreased to 47 mt.   The agriculture ministry of Peru had decided to concentrate on the aquaculture potential of native species.  Aquaculture of tilapia, an exotic, has been discouraged.  Tilapia production was not allowed in the Amazon Basin and no permits are issued for production in reservoirs throughout the rest of the country.  Pond culture was only allowed along the coastal plain.  Production in the early 1990s was in ponds and cages.  Experimental production was conducted in integrated systems with ducks, cattle, and pigs as well as in rice culture. O. niloticus and red strains were the most commonly reared varieties.  In 1999, the government announced that the demonstration farm facilities would be auctioned to the private sector.  A separate research program was conducted in Lima.  Tilapia production in treated municipal effluents was evaluated with the intent to determine if any potential human pathogens, that might be transmitted by fish to humans, were present in water after secondary treatment.

After the severe outbreak of white spot disease decimated the Peruvian shrimp aquaculture industry in 1999 and 2000, an effort was begun to develop a polyculture system of tilapia and shrimp.  Initial commercial trials were only marginally successful due to the very high salinities.  Other farms in the Piura region are using cage culture and intensive pond culture to rapidly increase production.  

Future trends – Aquaculture of tilapia will be restricted to the coastal plain.  Production will develop slowly in the shrimp growing region around Tumbes and rapidly in the area of Piura using water from reservoirs before it is used for irrigation of farm crops.

Suriname ( 200 mt – 2002 est)

Suriname has extensive water resources and great potential for tilapia production.  O. mossambicus were first introduced for aquaculture in 1955 by the Fisheries Department.   Commercial aquaculture did not develop at that time, but tilapia were stocked into natural waterbodies.  A small commerical fishery has developed harvesting these fish (Ouboter and Moll, 1993).  There are 2 small farms in operation and a large farm in the start-up stage.   COMFISH is a 4 ha farm on the Commewijne River in close proximity to the capitol of Paramaribo.  COMFISH uses the ND30 strain, developed by APT in Israel, in an intensive operation with anticipated production of 100 mt per year (T. Frese, personal communication & http://www.fishfarming.com/). The farm sex-reverses fry before stocking into earthen nursery ponds.  Growout is in 0.1 ha concrete tanks, stocked at 17 juveniles per m3, with 100% daily water exchange. Automatic feed blowers are used in all tanks.

Future trends - A small domestic market will develop, but most production will go to the U.S. as fillet product.  COMFISH is expected to increase production.

Trinidad and Tobago  (10 mt – 2002 est)

O. mossambicus were first imported to Trinidad in the 1940s and 1950s but were never accepted by the populace.   Red strains were imported from Jamaica in 1983, and O. niloticus were imported in 1986.  These varieties were accepted by consumers and producers alike.  The islands have 562 small scale (subsistence) farmers operating 706 ponds, with a total pond area of 71.6 hectares.  Average pond size is 0.07 ha. The government operates a commercial farm through Caroni Limited.  This farm includes a hatchery and 9.5 ha of tanks and ponds (Ramnarine and Ramnarine 1997).  Approximately 16 mt of tilapia were produced in 1995,  over 18 mt in 1996, 22 mt in 1997, and for 1998 the estimate is 28 mt. Tilapia is presently sold at TT$13 per kg. (U.S. $1.00 = TT$6.30).   The major portion of the tilapia produced is consumed locally, with only a small percentage now being exported to North America and Europe.   Red tilapia strains are the most commonly reared, along with small amounts of O. niloticus and O. mossambicus. Many of the farms produce tilapia in polyculture with “cascadu” (the armoured catfish, Haplosternum littorale.) (A. Potts, personal communication).

Future trends - Consumption and production will slowly increase.  Some farms will adopt more intensive production techniques. 

US (9,000 mt –2002)

Tilapia production in the United States is virtually all devoted to rearing 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 are in ground raceways.  Some are covered with plastic for much of the year to further maintain temperatures, deter 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 rear a mix of O. niloticus, O. mossambicus 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.  2002 production levels were expected to return to the 9,000 mt per year range.  Consumption of tilapia in the U.S. in 2002 reached a level of 133,140 mt or 293 million pounds of live weight fish (Figure 2).  Statistics released by the National Marine Fisheries Service in 2002 reported US per capita tilapia consumption of 158g (or 0.35 lbs) of tilapia per year, making tilapia the tenth most popular seafood item.  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.

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

Industry Predictions and Outlook
1. Further farming intensification in virtually every country

2. Production will be 75% Oreochromis niloticus, 20% Red strains, O. aureus and O. mossambicus mostly 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

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. US production will increase slowly, intensifying current production

10. Brazil will challenge China as the world’s biggest producer
11. Worldwide farmed tilapia production will reach 1,500,000 mt in 2002 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, E.U., Japan, Korea, Brazil, and the U.S.

3. Many techniques can be used to build markets

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

5.   All effective marketing formats require investment (personnel time and money)

Marketing

During the 1980’s and 90’s several different seafood publications declared tilapia to be the “new fish of the year”.  Since then tilapia has become one of the more popular seafood entrees in the Americas.  As high quality tilapia products began to appear, its recognition as a quality seafood product has increased from Canada to Chile.  Tilapia are not truly a new product in the Americas.  Mossambique Tilapia, Oreochromis mossambicus were first introduced to the Caribbean by C.F. Hickling in 1947.   They were quickly introduced throughout Central and South America.  O. aureus,  O. niloticus and several  hybrid red strains were introduced in the 1960’s and 1970’s.           

As supply continues to expand, consumer demand must also increase.  “Push” and “pull” strategies are used by marketers to increase demand.  Examples of these techniques are described as well as advertising and sales tools.  One example of the efforts made by some producers to increase demand was the creation of a marketing entity.  Several of the largest tilapia producers and importers/exporters to the U.S. have jointly funded the Tilapia Marketing Institute (TMI). The TMI has begun a broad ranging program to increase U.S. demand for tilapia products. The Institute is pursuing a generic campaign to increase demand for all product forms of tilapia.

 Tilapia was called the "Fish of the 90’s" by seafood writers in several countries in the Americas. This has been reflected by the rapid increase in consumption, especially in the United States. No records of U.S. consumption were determined before 1992, when imports of tilapia were first reported as a separate commodity. Since that time consumption has grown to over 133,000 metric tons of live weight equivalent fish in 2002. (Live weight equivalent is calculated as 1.1 times the weight of frozen fish and 3 times the weight of a fillet). Per capita consumption has increased from 0.08 kg in 1993 to 0.5 kg in 2002 (Engle 1997, Posadas, 2000). Tilapia sales have exceeded those of trout in the U.S. every year since 1995.    In the 1980’s most of the demand was for live fish, which were grown in the U.S. In the late 1980’s, whole frozen fish imported from Taiwan began to appear in U.S. markets. During the 1990’s imports of fresh and frozen fillets of tilapia to the U.S. rapidly increased in volume.  Much of this product came from countries in Central and South America.  Production and consumption in other countries in the Americas have shown similar patterns.  

Early marketing and production

From the late 1940’s until the 1980`s, most tilapia grown throughout the Americas were consumed in the community in which they were grown.  Governments and international aid agencies promoted the production of tilapia as a low cost source of high quality protein.  Most tilapia were grown in low input, pond-based farming systems.  Marketing efforts were of the most basic form, word of mouth and roadside stands.  Even the U.S. farms depended on word of mouth, local press, or free samples to build markets.  Fish Breeders of Idaho and Pacific Aquafarms of California are two of the best examples of these pioneers.

Before 1986 virtually all U.S. demand for tilapia products was met by domestic production. Most of this demand was for live fish from Oriental restaurants and grocery stores. Small farms in the western and southern U.S. supplied Oriental communities on the West Coast and in urban centers of the South, respectively. Fish were transported live to markets either by the producers or by independent live haulers. Around 1986, imports of frozen whole tilapia from Taiwan began to appear on the U.S. West Coast. These products were distributed primarily through Oriental markets. 

Demand for tilapia in the US has grown as Asian and other ethnic consumer groups have increased in number and in level of disposable income. Other groups of early consumers were international aid workers and biologists who were acquainted with tilapia during international work. The general public's knowledge of tilapia slowly increased as small farms were started around the U.S. and international travelers tried tilapia dishes in other countries. Tilapia distribution has now widened to include seafood restaurants and seafood counters in many grocery stores. In the late 1980’s, tilapia producers in Idaho, California and Arizona devoted considerable resources to developing markets on the U.S. West Coast. In the 1990’s, Rain Forest Tilapia and Regal Springs Tilapia developed markets on the U.S. East Coast. Rain Forest imports most of its product from Costa Rica while Regal Springs imports tilapia from Indonesia and more recently from Honduras.  Tilapia farms in Colombia and Jamaica were also early entrants to the US market.  Colombia eventually built such strong domestic demand the farms there suspended exports in favor of local markets.  Jamaica continues to export some product to the US, but European and local Jamaican markets have grown and absorbed much of the production.

US demand has grown from essentially zero in 1980 to 133,000 metric tons of live weight fish in 2002 and based on imports and production in mid-2003, total consumption in 2003 should be over 150,000 mt and sales of $250,000,000 (Figure 2).
Shift in product forms.

1993 was the first full year in which tilapia imports to the U.S. were recorded as a separate fish commodity from various countries. Imports of whole frozen tilapia were 10,046 mt in 1993. Since 1993, imports of whole tilapia have increased steadily at 2,000 to 3,000 mt per year, reaching 9,973 mt in the first 3 months of 2003. Recognizing the demand for fillet products in the U.S., growers in several countries began processing tilapia before exporting to the U.S. Import levels of frozen fillets rose quickly from 612 mt in 1993 to 2,347 mt in 1994. Frozen fillets remained near this level into 1999.  In 2000 and 2001 large volumes, of frozen fillets from China and Indonesia came on the market to compete with fillets from Ecuador and other producers from the Americas. Fresh fillets have demonstrated a steady climb from 586 mt imported in 1993 to 14,187 mt in 2002 worth $81,693,889 (Figure 3). Fresh fillets bring a highest price in the U.S. Boneless, mild flavored fish fillets are preferred by American consumers and restaurant chefs. Tilapia fillets have been substituted for several more traditional fish products and this market niche continues to show the most rapid growth (Fitzsimmons and Posadas 1997). 

In most of the producing countries, low labor costs encourage value adding through processing. Rapid advances in quality and dependability of land and air transportation have further increased the availability and quality of fresh tilapia fillets exported to the U.S. Several countries have also adopted Hazard Analysis at Critical Control Points (HACCP) procedures for their seafood processing regulations. This has encouraged processors to meet high standards and facilitated imports to the U.S.

Taiwan has been the major supplier to the U.S. but in recent years there has been a marked increase in production in Central and South America.   The exports from some countries have decreased in recent years as their domestic markets have increased. Colombia and Mexico have ceased exports, while Costa Rica, Ecuador and Indonesia have increased. 

Marketing Strategies

Marketing experts frequently describe efforts in terms of pushing product through the supply chain and pulling it through.  Pushing product means that the producer tries to get the intermediate handlers to take more product.  This can be accomplished by convincing the buyer that you have a superior product, better packaging, or even that you will take a lower price.  Pull strategies are those that get consumers to “ask” for more product.  Below are several examples of each strategy.

Improved packaging and new product forms are examples of push strategies.  Advertising in a seafood business magazine is another push strategy.   Each of these strategies is designed to get the wholesaler, broker or other handler to take more tilapia and in turn push it through the supply channel onto a final customer.

Pull marketing is a grass roots effort designed to get the final consumer to demand more of a product.  In store advertising and recipe cards at the point of sale are typical examples of pull marketing.  Advertising on television, on the radio or in the newspaper are other examples.  One of the most effective pull strategies is placement advertising.  This is when a product, tilapia in this case, appears as a food item in a favorable setting, as part of some other endeavor or entertainment.  One recent example is a murder mystery book, which included a sumptuous dinner of tilapia.  It really has nothing to do with the story, but leaves the consumer with a positive impression of the product.  This can be a low cost or even free form of advertising.  Web sales are another form of pull advertising.  Potential customers find a Website and may even be able to order on line, although most still phone in orders.  The Website maintained by the American Tilapia Association, (www.tilapia.org) is another example of pull marketing.  By providing general information about tilapia aquaculture, with photos, reports, recipes, and biological information, the consumer will have more information which should lead to increased demand.    Some strategies are hybrids that may improve demand from the broker and the consumer.  Advertising the product through the delivery chain is a potent form of push and pull marketing.  Advertising on vehicles (Figure 5) and packaging, and even on live tanks in a grocery store, encourages consumers to buy more product, but also makes the broker realize that the producer has a superior product.  Generic advertising is mostly a pull strategy.  

The biggest example of generic advertising was/is the Tilapia Marketing Institute (TMI).  TMI was founded in 1998 and funded ($250,000 per year) by several large producers and marketers with the goal of increasing awareness and demand for tilapia products (TMI 1999). TMI had nine producer members and one member from the packaging industry. The TMI strategy was to position tilapia by identifying its most favorable attributes and matching these to the needs of a target market. It accomplished this by working closely with food journalists to prepare informative stories reporting on tilapia and its place in the seafood market. A series of strategic messages were developed to create a strong image of tilapia with consumers. Several themes were then presented to the food press to reinforce and diversify the basic message about tilapia. Key positioning statements, phraseology and themes were proposed and some were later used by the TMI members.

TMI’s generic campaign was designed to benefit all tilapia producers and product forms. No differentiation was made between U.S. and foreign products. However, all producers were under pressure to insure that only the highest quality products were offered to the market.  With a generic campaign, all producers suffer if any one should distribute poor quality fish. In the last few years the Institute has not received additional funds from the members and it is in hibernation at the present time.

Pricing

Prices for tilapia products vary considerably. Live fish sold by the producer will range from less than $1.00 per kg at the farm in some less developed regions to $2.20 to $6.60 per kg in the U.S. and Canada.  Prices for processed forms also vary considerably (Table 2.)

Table 2. Typical prices for Tilapia products sold in the U.S. (July 2003.)

	
	Pondside / Processor
$/kg
	Wholesale 

$/kg
	Retail

$/kg

	Whole live fish
	2.20 – 6.60
	2.80 – 7.10
	3.90 – 9.90

	Whole fresh fish on ice
	2.25 – 3.60
	3.20 –4.20
	4.00 – 8.20

	Whole frozen fish
	1.20 – 2.20
	2.00 – 2.50
	2.25 – 4.75

	Fillets, fresh
	6.00 – 7.00
	6.60 – 8.20
	8.80 – 16.00

	Fillets, frozen
	4.80 – 6.80
	5.50 – 7.80
	7.00 – 12.00


Some of the price range in product forms is due to size differences of the products and whether the fillets were deep-skinned and trimmed. In most countries, larger fish and larger fillets will bring a higher price per kilogram. Many Asian-American consumers prefer live fish greater than 450 g. Fish of 800 - 900 g bring the highest prices.  Fillets are typically graded into 4-6, 5-7 or 6-8 ounce packages, with the larger grade bringing $0.20 to 0.50 more per kilogram. 

Table 3. Prices for fresh tilapia fillets.

	Size of fillets
	Prices (F.O.B. Miami, FL, July 2003)

	(under 3 oz,  < 80 g)
	$2.80 - 3.00/lb

	3-5 oz, 80 - 135 g
	$3.00 - 3.10/lb

	4-6 oz, 110 - 160 g
	$3.10 - 3.25/lb

	5-7 oz, 135 - 190 g
	$3.15 - 3.40/lb

	over 7 oz,  > 190 g
	$3.35 - 3.55/lb


Variations in prices are due to various forms of skinning, packaging, volumes and history with buyer.

Terms of payment also can have an impact on pricing.
It should be noted that virtually all forms are sold for the same prices, or even lower, than they were five years ago. Supply has at times exceeded demand, and prices have not increased. This pattern has been observed in other widely aquacultured products including trout, salmon, catfish, striped bass, clams, shrimp, and mussels. Newly domesticated stocks and rapidly advancing technology have managed to keep the costs of production down as supply rapidly increases from new and existing farms. The low prices further encourage demand, which has been met with new supply.

Buyers and Vendors:

For the new producer or supplier the most critical issue is to find a buyer in the US.  It is very easy to find a broker or other buyer who will provide a letter of interest to buy all of the product that the farm or processor expects to have available.  However, the reality is that when the time comes to actually make the sale, the market tightens considerably.  There are several potential avenues to sell product in the US.  First is to sell to one of the major importers/marketers.  Rain Forest, Regal Springs and Tropical Tilapia are the three major agents.  Rain Forest is associated with the Aquacorporacion farm in Costa Rica.  Regal Springs has farms in Indonesia and Honduras.  Tropical Tilapia has farms in Ecuador.  Any of these entities might be willing to discuss a joint sales/marketing program if a venture has significant quantities and quality of product.  

The second avenue would be to work with one of the many brokers in Miami, Tampa, Houston or Los Angeles.  These buyers import product, store it near the docks and try to quickly find buyers.  These brokers are constantly looking for new suppliers and new customers.  The third avenue is to try to connect with the major users of tilapia products.  These include the major restaurant chains and grocery stores.  Many of the chain restaurants that use large amounts of tilapia are actually held in larger management firms (Darden = Red Lobster + Olive Garden + Bahama Breeze).  These chains tend to use the most established suppliers and are willing to pay a premium for consistent quality and price.  Large grocery chains tend to be very price conscious and are willing to test new suppliers.  Safeway, Krogers, Winn Dixie, Wegman’s etc are important buyers who may be willing to look at a new supplier.  A final important buyer is the food service operation.  These companies (SYSCO, Shamrock, Fleming) buy product and then sell to schools, hospitals, prisons, as well as independent grocers and restaurants.  Food service companies are important buyers and often are leaders in distribution of new products as they often sell to both high price (white tablecloth) restaurants as well as the lowest price institutional buyers.

CONCLUSIONS:
Tilapia markets in the U.S. are segmented between live fish, whole frozen fish, frozen fillets and fresh fillets. Growth in the live market has slowed in recent years. The traditional ethnic market demand (Los Angeles, San Diego, San Francisco, Vancouver, Houston, New Orleans, New York and most importantly Toronto) seems to be met and additional markets must be developed. Grocery stores and restaurants with live tanks, and local "farmer markets" are the mostly likely sectors to expand. Supplies of live fish from U.S. producers will continue to supply most, if not all, of the demand.

Markets for whole frozen tilapia are still large and demonstrate some continuing growth. This market, mostly supplied by product from Taiwan and increasingly the mainland of China, has a much lower growth rate than fresh fish fillets. Whole frozen fish still accounts for 50% of all tilapia imports. This product has the most uneven record for quality and the market price continues to sink. Improved quality of the fish should be a priority if market is to expand.

Frozen tilapia fillets have demonstrated slow growth in imports since 1994. The primary source has been Indonesia and China. Additional marketing may be required to further expand this market. This should be a huge market, as this product form is used in restaurants and sold in grocery stores. Demand for frozen fillets will be a prime focus of the TMI.

Fresh tilapia fillets have demonstrated the most rapid growth of any tilapia product form.  Imports have gone from 586 mt in 1993 to 14,187 mt in 2002, and to almost 4,500 mt in just the first three months of 2003. The primary sources of fresh fillets have been Costa Rica, Honduras and Ecuador. 

U.S. consumption of tilapia is likely to continue expanding at a rate of 10% per year compared to virtually no increase in overall seafood consumption. Greater consumer awareness of tilapia as a product and increased marketing activity generated by the TMI and others (American Tilapia Association 2001) should further increase demand. 

Figure 1.  Source of tilapia supplies to US
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Figure 2.  US Tilapia consumption (live weight in metric tons)
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 Figure 3.  Value of imported tilapia products.
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Figure 4.   Production of tilapia in Ecuador associated with shrimp viral epidemics. 
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Figure 5. Forms of tilapia advertising.
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						78,832,669
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1997

		

						1997 US TILAPIA SUPPLY

						kg LWE

		US				7,600,000

		OTHER				1,476,906

		CHINA				56,682

		COSTA RICA				4,986,187

		ECUADOR				2,317,695

		INDONESIA				3,286,410

		JAMAICA				1,143,801

		TAIWAN				23,056,072

		THAILAND				676,901

						44,600,654
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1998

		

						1998 US TILAPIA SUPPLY

						kg LWE

		US				9,100,000

		OTHER				1,814,791

		CHINA				593,091

		COSTA RICA				6,622,568

		ECUADOR				2,211,179

		INDONESIA				2,655,888

		JAMAICA				843,756

		TAIWAN				27,352,634

		THAILAND				451,766

						51,645,673
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Figure 3. 1998 US Tilapia Supply
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2000

		

						2000 US TILAPIA SUPPLY

						kg LWE

				US		9,200

				OTHER		2986

				CHINA		20,127

				JAMAICA		357

				COSTA RICA		9327

				ECUADOR		15296

				INDONESIA		6579

				TAIWAN		36987

				HONDURAS		4313
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US Tilapia Supply in 2001 (by volume)
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								2001 US TILAPIA SUPPLY

						kg LWE

				US		9,200

				OTHER		2986

				CHINA		20,127

				JAMAICA		357

				COSTA RICA		9327

				ECUADOR		15296

				INDONESIA		6579

				TAIWAN Prov.		36987

				HONDURAS		4313
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US Tilapia supply (2002)
133,140 metric tons (live weight)
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2002

		

								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

				COSTA RICA		9624				3206		2		0

				ECUADOR		20678.6				6615		272		16

				INDONESIA		7719.3				0		2572		3

				TAIWAN Prov.		31747				246		2761		20660

				HONDURAS		8622				2874		0		0

				NICARAGUA		0

				PANAMA		750				147		48		150

						133139.8		SUM		14187		12252		40748
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&CEcuador Tilapia
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 2002
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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

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

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

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

						$		$		$		$		$		$		$		$		$

				1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Fillet Fresh		1088174		3249752		4816226		7908592		11653849		13997652		17051142		25841254		41686680		60839057		81,693,889		269,826,267

		Fillet Frozen		461597		2183328		6493556		8975805		7468362		11283805		11959812		22188860		19308732		28904994		48,489,991		167,718,842

		Whole Frozen		4476194		12596206		14275119		17163129		23895286		24183503		23729062		33866855		31697654.4		38052489		44,031,285		267,966,782

																										705,511,891
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Figure 1.  Tilapia product forms imported to the U.S.
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Figure 2.  Value of Tilapia product forms imported to the U.S.
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				METRIC TONS

				1993		1994		1995		1996		1997		1998		1999		2000		2001

		Fillet Fresh		586		890		1460		2063		2823		3590		5310		7069

		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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