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Abstract
Tilapia is the freshwater specie most produced in Mexico and the fifth aquatic specie most produced in the country. In contrast with sardine, tuna, squid and shrimp (the aquatic species most produced), all tilapia is consumed domestically. However, it has been evident that although tilapia farming has grown in Mexico, its development has been slow and inefficient. 
A study was developed to assess the scope for tilapia to achieve profitable expansion through the supply of competitive product quality from active public/private sector developments. Findings revealed that farmed tilapia in Mexico can be produced competitively and profitably in large quantities if production efficiency is improved, costs reduced (in particular operating costs like feed, electricity, fingerlings, equipment, materials, chemicals and water usage) and key high value markets are targeted. As proper technology proved to be already available within the country, the former two objectives were more likely to be achieved through economies of scale, public/private sector partnerships, cluster memberships, integration (horizontal and vertical) and diversification (integration with other agricultural activities and polycultures); promoting efficient use of resources and inputs, facilitates technology transfer (sharing experiences from successful farmers), increase dealing power (at purchase of inputs and at sale of end product) and reduce risks. The latter (profitable markets) could be achieved by the production of quality products able to meet standards of key markets that yield higher profits, demand higher volumes and/or present less competition from other sources such as domestic regional targets (i.e. fresh tilapia products in the gutted and filleted forms, in large sizes and other value-added products for supermarkets, fishmongers and caterers) and exports to the USA, as well as product differentiation from other sources through informing the consumer of the advantages of domestically farmed tilapia vs. wild and imported products (fresher, less likely to cause any food-borne diseases, proper handling and processing, certified, etc.). 
Introduction
Seafood represents only a small portion of the Mexican meat food intake (less than 14% with tilapia representing less than 1%). However, tilapia is the freshwater specie most produced in the country while being also the fifth aquatic specie most produced (Figure 1). According to Fitzsimmons (2000), during the 1990s Mexico became one of the world’s major producers and consumers of tilapia, producing more tilapia than any other country in the Americas (expanding to around 102,000 t per yr in 2000). The majority of the supply of tilapia products to the Mexican market had come from the catching sector (fisheries), representing 91.3% (66,215 t) in 2003, while the other two major sources (aquaculture and imports), accounted for only 1.3% (964 t) and 7.3% (5,307 t) respectively for the same year. Although total supply decreased by 22.4% between 1990 and 2003, mainly due to decline in fisheries and aquaculture outputs (27.6% for the former and 50.8% for the latter), imported products supply rose from nothing in 1990 to the actual figure (Figure 2). 
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Figure 1
Main species produced by the Mexican fishery sector (CONAPESCA, 2003).
Tilapia has been described by many as an important food commodity and as a fast growing industry in many countries around the world including Mexico, with aquaculture outputs becoming more important in recent years (Maclean, 1984; Morales-Diaz, 1991; Engle, 1997; Alvarez-Torres, 1999; Young et al., 2000; Alceste, 2000, 2002; Fitzsimmons, 2000, 2003; Hernandez-Rodriguez et al., 2001; Castillo-Campo, 2003). Because of its dynamic expansion, strong marketing efforts, and increasing popularity, farmed tilapia is fast becoming a significant substitute for traditional whitefish species (Alceste, 2002). Within the overall industry-based economy of the country, the contribution of tilapia production has been considered to hold good promise for creating jobs, potential for earning foreign currency and supplying affordable healthy animal protein to the population in general (Morales-Diaz, 1991). It has been evident however, that although the activity has grown in the country, its development has been slow and inefficient, mostly due to the great array of difficulties related to the activity itself, i.e. technological, environmental, trade, legal and financial deficiencies; not forgetting also, the dependency of the activity for external inputs for production (i.e. know-how, feed supplements, equipment, medicines, chemicals, etc.), and the poor promotion of efficient social and private organisations and partnerships (Sosa-Lima et al., 2000).  
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Figure 2
Supply of tilapia products (in Metric Tons) to the Mexican market between 1991 and 2003 by major sources (CONAPESCA, 2003; and NMFS, 2005).
Methodology

A study was developed to assess the scope for tilapia to achieve profitable expansion through the supply of competitive product quality from active public/private sector developments. To achieve this, a survey including personal interviews using semi-structured questionnaires to tilapia producers (in particular farmers) and traders in Mexico were carried out. Respondents included all supply chain members, i.e. producers (aquaculture and fisheries), traders (middlemen, importers, wholesalers, supermarket chains, retailers/fish mongers, and caterers), and others involved with this industry (e.g. regulatory, financing, supply, and research organisations). This sample was intended to cover those individuals/organisations with the most dynamic and representative role within the industry. The main objective of the study was to identify the key issues that hinder the development of the tilapia farming industry in Mexico by assessing its farming and marketing activities, to be able to develop courses of action that could help its development.
Tilapia farming in Mexico

Tilapia has managed to adapt widely in Mexico. Its culture is found all over the country, including the Federal District (Mexico City) where is normally found as ornamental or research fish (Sosa-Lima et al., 2000, Fitzsimmons, 2002; Watanabe et al., 2002). However, no actual data is available on the number and distribution of tilapia farms in Mexico, apart from some states. The majority of the tilapia farms in Mexico are of small scale, 60% of the farms covered in the study produced less than 20 t per yr., while only 15% produced over 100 tonnes per year (Figure 3). Additionally, 78% of the farmers covered in the study had less than 5 years of experience. Although tilapia farming in Mexico is still small and developing, many farmers now practice improved methods where tilapia is cultivated semi-intensively and intensively (Morales-Diaz, 1991; Fitzsimons, 2002; Watanabe et al., 2002; Sosa-Lima et al., 2000). 
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Figure 3
Classification of tilapia farms in Mexico according to their outputs (t per yr).

Tilapia farming practices vary greatly within the country, and the technology employed varies according to the purpose (commercial or subsistence), support and investment (social and private), region, geographical and environmental conditions, know-how, etc. Small farms and farms belonging to the social sector normally relied on fingerlings from governmental or private hatcheries, while commercial farms produced their own fingerlings. Mexico accounts for 25 major governmental hatcheries. The typical commercial hatchery would include a reproduction area, incubation and nursery, and a wide variety of techniques and types of infrastructure are employed, i.e. ponds, tanks or cages. The former two (ponds and tanks) are of various forms, sizes and types, i.e. square, rectangular, circular, oval, made of earth, concrete, lined, metallic frame, inside greenhouse, etc.; while cages would normally use mosquito netting. Species more commonly used are O. niloticus, aureus and mossambicus and various hybrids in various colours, e.g. black, grey, red, pink, olive and white. Typical broodstock densities and proportions (Female-Male) vary between 2–4 fish m2 and 1-3:1 (F:M) for tanks/ponds, and between 15-42 fish m2 and 2-6:1 (F:M) (Morales-Diaz, 1991). Although only a few hatcheries applied proper broodstock management techniques, i.e. strains development, resting periods, preventing inbreeding, etc. Artificial incubation in Zuger cones or Macdonald Jars is practiced only by a few commercial hatcheries, while masculinisation is mostly practiced by private commercial farms and 3 of the governmental hatcheries (i.e. Jala, Zacatepec and Temascal) (Castañeda, 2003).
The type of infrastructure employed to on-grow tilapia in Mexico varied between ponds, tanks, cages and enclosures or a combination of them. 58% of the farms covered by the study employed tanks (33% mixed with ponds or cages), 43% employed ponds (30% mixed with tanks or cages), 33% employed cages (8% mixed with ponds or tanks) and only 3% used enclosures. 
Tank culture (employed mostly for intensive culture) was popular until recently with the arrival of new and better technologies, and include partial and complete culture cycle systems, open and close systems, combined intensive-extensive systems, raceways, controlled environment systems (e.g. employing greenhouses), geothermal culture systems, and intensive indoor RAS using advanced water treatment methods. One of the main factors for success in these types of systems are feed and water quality, requiring greater husbandry skills, feeds with high nutritional values and more elaborate water treatment systems, which result in high investments in infrastructure and operation (Sosa-Lima et al., 2000).

Pond culture is used by all sizes of businesses (i.e. from subsistence farmers to large scale producers), employing from extensive to intensive cultures. Ponds size ranged from 0.02 to 9 ha. Nevertheless, the most common size employed was 0.25 ha with a median value of 0.3 ha, while ponds of 1 ha or higher were more likely to have been designed for the culture of other species (i.e. prawn or shrimp).  Semi-intensive to intensive pond culture has become popular in Mexico in recent years, with aeration, feeding and some times prey control techniques being applied. Although semi-intensive culture of tilapia without feed may be quite profitable for subsistence level farmers who do not have buildings or equipment (fixed costs), it would not be profitable for large farms due to operational, depreciation and maintenance costs (Teichert-Coddington et al., 1997). Pond culture offers a great potential to integrate with agriculture and livestock as well as polycultures with other freshwater or marine species, however, these are rarely practiced in Mexico, a situation that represents a huge potential for tilapia farming development. The intensive flow-through style of pond culture practiced in Taiwan, Thailand, Ecuador, Colombia and Costa Rica is still rare in Mexico. Ponds are not stocked as heavily or provided with as much flow and aeration as intensive ponds in other parts of the world where input costs are higher and feed efficiencies slightly lower, but larger fish are produced, and much greater yields are generated (Fitzsimmons, 2000a; Watanabe et al., 2002).
Cage culture of tilapia in Mexico is expanding rapidly and becoming popular. Cages vary widely in construction, from simple bamboo enclosures to complex steel and plastic designs. Cage culture systems include floating cages (jaulas), net pens that use staked sides and rest on the bottom (corrales), and confinements (encierros) that enclose portions of a water body. Capital investment is low compared with ponds, and by concentrating fish the farmer has better control over feeding and harvesting, also reduces fertilization and recovery of eggs by spawning fish to minimize unwanted recruitment (Fitzsimons, 2000). Some disadvantages of cage culture include the risk of poaching, inability to avoid poor water quality conditions, and dependence on nutritionally complete feeds. Eutrophication of reservoir waters or fouling below the cages became an issue until recently. It has become particularly popular within the social sector.
In relation to husbandry, fingerling stocking periods depended on many factors, highlighting fingerlings availability, the application of single or stable stockings, funds available, number of production units available and expected sales period; however, fingerlings were normally stocked twice and three times a year (33% and 25% of the farms respectively), or monthly (28% of the farms). Similarly, the length of the culture cycle for tilapia varied in relation to various factors, highlighting the product size targeted, selling period, environmental conditions, water quality, feed (quality and availability) and proper husbandry techniques; but the most common were 8-10 months (47% of the farms) and 5-7 months (43% of the farms). The shorter period (5–7 months) would normally yield a product of 3 fish per Kg (around 300gr), while 8–10 months a product of 2 fish per Kg (around 500gr), and the latter (11–13 months) a product of 1–1.5 fish per Kg (around 850gr). Harvest is carried out normally, partially (70% of farms) and manually (95% of farms). Kill-chilled was practice only for a small percentage of farms (30%) due to the small volumes traded or the short distance to final destination. 

Major inputs account for feed, seed, water and services. 92% of the farms covered in the study employed commercial feeds (i.e. Purina, AS, El Pedregal, Malta-Clayton and Algimex), the most common FCRs reported were 1.6-1.8 (35%), 1.3-1.5 (20%) and 1.9-2.1 (15%). 47% of the farms produced their own seed, while 30% got supplied by private hatcheries and 23% from governmental hatcheries. 92% of the farms employed monosex cultures. The main source of water for tanks and ponds is deep-wells (71% and 61% respectively) and 67% of the cage culture was carried out in lakes or reservoirs. Most of the tilapia farms reported fairly good level of services provided (e.g. roads, electricity, public transport and telephone).  
Although tilapia farming normally was planned as a main source of income, not all tilapia farms generate income (17%) due to recently started or serving other purpose i.e. demonstration, live food supply and social and environmental friendly purposes. Additionally, tilapia farmers showed little integration with other agri-businesses (only 25% produced other aquatic species, 20% were involved in agricultural activities and 15% with livestock), contrasting with the larger proportion of entrepreneurs with incomes depending on other businesses or jobs (40% and 28% respectively), with little or no knowledge of agri-businesses. The main factors reported helping to improve tilapia farming were better protocols and husbandry techniques, improved strains and better infrastructure. On the other hand, the main factors reported hindering the development of tilapia farming were costs (especially operational costs), supply of inputs, support (financial and technological) and market. 
Tilapia marketing in Mexico

Location of supply varied according to the source. 80% of the tilapia supplied by the fisheries sector in 2000 came from small to medium size fisheries scattered all around the country (13,936 water bodies, 39 major rivers, 70 lakes and 125 coastal lagoons, 4000 dams), the remaining 20% came from six major fisheries located in the reservoirs of Infiernillo, Temascal, La angostura, Bacurato, Aguamilpa and the lake of Chapala; mostly located within the south and centre of the country. 50% of the production came from two states, Veracruz (26%) and Michoacan (20%). Major farms were also located within the centre (Jalisco and Guanajuato) and south (Veracruz, Tabasco, Chiapas, Campeche, Yucatan and Quintana Roo) of the country. Whereas tilapia farms from the social sector were found within the same states but including Michoacan and excluding Quintana Roo. Most of the tilapia supplied externally (imported) in 2003 came from China and Taiwan through USA (mainly via Los Angeles, San Diego and Huston). However, there had been some imports of tilapia products from other countries like Canada, Cuba, Costa Rica, Honduras, Panama and Ecuador. Major brokers (importers) in Mexico are located within major cities (i.e. Mexico City, Guadalajara and Monterrey) and bordering cites (i.e. Tijuana and Juarez City).
The type of product supplied varied according to the source. Product from the catching sector was normally traded fresh in the gutted and filleted forms, although only few fisheries filleted their catch (which normally was carried out by the middlemen or “coyote” employing rustic infrastructure). Fisheries catching small size tilapia filleted their product (normally below 250 g live weight) (e.g. Infiernillo and La Angostura), trading small fillets of around 35 g each, while fisheries catching medium to large tilapia (normally above 300 g live weight) traded their product gutted (e.g. Aguamilpa and El Salto) with product ranging from 250 g to 800 g. The aquaculture sector traded their tilapia products mostly in the whole form, 55% whole-round and 45% gutted, while 18% sold their product live (partially or fully), and a further 20% applied a value-added process (e.g. filleting, cooked or packing). 93% reported selling (fully or partially) product of medium size (350-550 g), while 50% small (<350 g) and 45% large (>550 g). Alive product was normally traded by small to medium sized farms, whereas larger farms were more inclined to trade their product gutted. Imported products were traded frozen in a wide array of presentations (gutted, scaled and fillets in various sizes) and packed. There has been some attempts to import fresh tilapia fillets from Latin America, however they have not been able to compete with the lower price of the Chinese products. In 2003 52% of tilapia products imported through US were in the gutted form and the remaining 48% filleted. Five years before fillets represented only 6%. All products in the whole form were individually bagged (not sealed) and packed in a master box of 40 lb (18.2 kg), while fillets where individually vacuumed-packed, also in masters of 40 lb.
Demand of tilapia products varied according the region and season. North-west and Centre-west demand tilapia in the Fillet form (ceviche), while Centre-east and South demand tilapia in the gutted form with Deep-fried as the favourite way to consume tilapia. Therefore, there is higher demand of tilapia products within the centre and south of the country than the north. Well defined seasonal demand for seafood products based on religious traditions. Some small exports to the US were reported between 1993 and 1999, especially in the fillet form. 
The typical marketing channel of tilapia products from fisheries was fishermen – middlemen – wholesaler – fishmonger – final consumer; while for farmed tilapia was fish farmer – wholesaler/final consumer – fishmonger – final consumer; and for imported products fish farmer in China – Processor in China – Broker in China – Broker in USA – Processor in USA (if applicable) – Broker in Mexico – Processor in Mexico (if applicable) – wholesaler – supermarket chains/fishmongers – final consumer. As it can be appreciated, imported products showed the most complicated marketing chain, while the most simple was for the farmers.
Prices on tilapia products, as in any other food commodity, were affected by a number of factors, i.e. market operators involved, region, presentation, demand, supply and origin amongst the main ones; with wild tilapia as the cheapest and farmed tilapia as the most expensive. Moreover, average prices offered by many tilapia farmers was higher than the average purchasing price of many businesses involved in wholesaling activities (MX$ 25 per kg for farmed gutted product compared to MX$15 and 18 per kg of wild and imported gutted tilapia purchased by wholesalers and supermarkets). Many tilapia farmers were achieving 100% profits with these products, while for other producers and traders were around 50%.
Trade of tilapia products was influenced by two types of seasonality’s, through seasonal supply and through seasonal demand. The former influenced by domestic external supply factors like local weather, close seasons and culture cycle periods, and local demand in the supplying country. The latter (demand) was defined by two main seasons mainly derived from religious beliefs, i.e. Lent/Easter and December/Christmas.
According to the U.S. Department of Justice, an HHI of less than 1000 represents a relatively unconcentrated market, and CR’s below 40% represent a very competitive industry, with a number of other firms competing, but none owning a large chunk of the market (Young, 1994). The tilapia industry as a whole seemed to be unconcentrated and well competitive, when considering the total volume supplied to the Mexican market, as CR’s and HHI on all sectors fell below the values previously mentioned (Table 1). However, when considering the volume supplied by source, the result is different, the majority of the supplied from farming and imports, came from a small number of businesses (i.e. CR’s10 148% and 80% and HHI 3,362 and 1,268 respectively). The CR10 for wholesalers confirmed that most of the tilapia traded by wholesalers in the country were located by the major seafood wholesaling markets (“La Nueva Viga”, Mexico City and “Mercado del Mar”, Guadalajara). Nevertheless, these results also showed the lack of coherence between official figures and those reported on the study, especially in the case of tilapia farming and imports; suggesting that the real figures might be well above the officially reported. 
The only sector of the industry reporting strong competition for selling tilapia was the aquaculture sector (due to low price of fishery and imported products). 80% of businesses on the rest of the sectors claimed not having competition for selling tilapia products. Moreover, it was sometimes claimed that competition was more related to getting supplied or finding new suppliers. Competition was also found with other species (including terrestrial). Main competing species were marine aquatic species like mullet, snapper, mackerel, shark and grouper; while other major competing species were fresh water species like endemic species, carp, catfish and trout. Non-aquatic species were also reported as important competitors, especially other meats like chicken and pork. However, competition with other species was more commonly found in the filleted form and none in the gutted form, as final consumers are used to buy tilapia in the gutted form while a large proportion of marine spp are traded in the filleted form.
While tilapia farmers commonly employed product type as the main marketing strategy to promote sales, the rest of the marketing operators employed price. Unless the farmers are planning to target specific market niches or develop new products or brands, price would be the most feasible strategy to compete with the other sources. 
As a whole, the industry perceived tilapia trade as more feasible than profitable with the exception of farmers, hence the reason why tilapia is traded in large volumes even if profits are compromised. Suggesting perhaps the lack of understanding of many producers of the market targeted.

Table 1
Concentration Ratios (CR) and Herfindahl-Hirschman Indexes (HHI) for each market operator surveyed within the tilapia industry in Mexico.
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Fishermen
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40 1.84           148.24      0.52           3,362.40  

Middlemen
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Importer
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Processor

3 4.41           7.31          

Wholesaler
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Supermarket

8 4.89           8.79          
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Restaurant
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Conclusions


Findings revealed that farmed tilapia in Mexico can be produced competitively and profitably in large quantities if production efficiency is improved, costs reduced (in particular operating costs like feed, electricity, fingerlings, equipment, materials, chemicals and water usage) and key high value markets are targeted. As proper technology proved to be already available within the country, the former two objectives were more likely to be achieved through economies of scale, public/private sector partnerships, cluster memberships, integration (horizontal and vertical) and diversification (integration with other agricultural activities and polycultures); promoting efficient use of resources and inputs, facilitates technology transfer (sharing experiences from successful farmers), increase dealing power (at purchase of inputs and at sale of end product) and reduce risks. The latter (profitable markets) could be achieved by the production of quality products able to meet standards of key markets that yield higher profits, demand higher volumes and/or present less competition from other sources such as domestic regional targets (i.e. fresh gutted and fillets in large sizes and other value-added products for supermarkets, fishmongers and caterers) and exports to the USA, as well as product differentiation from other sources through informing the consumer of the advantages of domestically farmed tilapia vs. wild and imported products (fresher, less likely to cause any food-borne diseases, proper handling and processing, certified, etc.). 

The entry of imported products applying high quality international standards has promoted the expansion of tilapia products into more profitable markets, improving awareness and acceptance of tilapia products within the country, a situation that could represent a good “model” to follow and imitate for domestically farmed produce. However, Increasing and improved awareness of tilapia products, sustained prices, and market expansion of tilapia products within the Mexican market have encouraged new entrants to the industry with little experience or poor consultancy, resulting in a greater number of failed experiences, thus creating a negative perception of the business and considered as highly risky; a situation that highlighted the need for better technology transfer schemes.
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