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ABSTRACT
Tilapia have become the second most important fish produced in aquaculture.  Their spread to countries around the world has been accompanied by environmental externalities, negative impacts on the ecosystem outside the farm.  In addition, introductions of various species into the range of closely related tilapias have led to inadvertent hybridization and loss of genetic variability.  

Environmental impacts of tilapia can be loosely grouped into two major categories.  First is the impact of feral populations of tilapia on native fishes.  Introductions of tilapia around the world frequently occur in concert with severe human impacts on local aquatic systems.  These impacts often help the tilapia to thrive at the expense of native species. Tilapia may compete for resources with native fish, or they may just thrive in the altered conditions.

The second environmental issue is the nutrient enrichment of local waters from intensive farming of tilapia.  Intensively fed fish generate fecal waste and leave uneaten food.  Nitrogen and phosphorus dissolved in the effluent and the biological oxygen demand of decaying organic matter can impact the receiving water.  Wastewater from processing plants can also impact receiving waters if they are not treated sufficiently. Conventional water treatment plants, constructed wetlands, and irrigation of crop plants are suggested as methods of reducing negative impacts from eutrophication caused by fish farm effluents.

Conservation of genetic variability of wild and domesticated tilapia stocks are also of importance.  There are several instances where this is important.  First, tilapia stocks have been moved repeatedly and allowed to interbreed with local populations.  In some cases this has led a to a decrease in genetic diversity and “pollution “ of endemic populations.  The loss of this diversity becomes important because whole genomes may be lost.  Some of this genetic variability may be important as a genetic reservoir of material that may be useful for future conservation or breeding efforts.

Several of the most common strains of tilapia came from very small founder stocks.  These fish have a high degree of introgression and may be subject to genetic bottlenecks.  Development of domesticated stocks that have been selected for certain culture conditions, from an adequate breeding population would be the best way to avoid this problem.  The GIFT program is probably the best example of such a genetic improvement effort.  Maintaining diversity in feral and captive stocks is important for both the fish in their native environment and for those in captivity.  Examples of genetic “pollution” of wild stocks and in-breeding depression, are provided in the report.

Environmental Impacts

Impacts of feral tilapia on native fishes.
Tilapia have been introduced into more than 90 countries on all the continents except Antarctica (Pullin 1997).    Many of the early introductions were for insect control or aquatic weed control.  The agencies responsible for these introductions widely dispersed the fish.  In most countries introductions of tilapia for farming purposes came later, or else fish already established in local water bodies were domesticated.  Tilapia introductions were often associated with severe environmental change, especially construction of reservoirs and large-scale irrigation projects.  Tilapia are often described as “pioneer “ species.  This means that they thrive in disturbed habitats, opportunistically migrating and reproducing.  Often they were introduced into areas that have severe environmental damage where natives were already at risk.  The tilapia are better able to adapt to the new conditions and the natives have been forced to contend with environmental changes and competition from exotic species.

The Lower Colorado River in North America is a good example.  A series of dams and diversion of most of the river’s water caused massive environmental changes. The dams stopped the normal flooding cycle, altered the algal community and increased salinity. Introduction of tilapia for aquatic weed control in the irrigation canals allowed them to eventually migrate into the Colorado River mainstream.  Tilapia, along with, many other exotics introduced as sport fish, completely changed the fish community.  In some areas of the river, tilapia now represent 90% of the fish biomass and virtually all of the native species are endangered.

Many populations of tilapia are now so well established they are a permanent part of the fish community.  However there are some steps that aquaculture operations can take to mitigate any additional harm.  The eventual goal should be to develop fully domesticated strains of tilapia that will have little chance of surviving outside a culture setting, in much the same manner as most domestic farm animals.  The industry is well on its way with tilapia.  Red strains of fish are an important step.  Red tilapia are only found in domesticated populations and they have very little chance of surviving in the wild. Predation is high from birds, fish and humans because they are so visible in the water. Strains that have been bred to have very large fillets and a more rounded body form are also unlikely to survive outside a farm.  Finally, all male populations, developed from hybrids, sex-reversal or genetically male parentage, are less likely to be able to establish a breeding population off farm.  All of these techniques should be considered as contributing to the reduction of the ability of tilapia to impact native communities.

Effluents 

There are several environmental impacts associated with the discharge of waste waters from tilapia farms.  The most obvious of these are the nutrients that are released from fecal wastes and uneaten food.  Nitrogen, phosphorus and other macro and micro nutrients contribute to algae and plant growth in receiving bodies of water.  Biochemical oxygen demand, lower levels of dissolved oxygen and higher levels of total suspended solids in fish effluents also contribute to eutrophication.  This problem is common to all forms of tilapia culture.  Pond effluents impact receiving streams, cage culture impact the surrounding lake or pond, salt water culture impacts nearby reefs or other marine systems, and recirculating systems in an urban setting can impact the municipal sewage system.

Solutions to eutrophication – There are several actions that tilapia culture can take to reduce eutrophication.  One of the first is to use nutrient dense diets.  These are diets designed to minimize wastes by delivering a feed that provides the highest possible incorporation of ingredients to absorption by the fish. Maximizing the Food Conversion Ratio is the most obvious example of this.  Use of effluents for irrigation and fertilization of field crops is one of the most practical. (Figure xx.)  Cage culture in irrigation reservoirs or delivery canals will also deliver nutrients to crops. Integration with hydroponics can have an even more direct delivery of nutrients to plants.  Salt water culture of tilapia is growing quickly and methods of treating saline effluent are also available.  Effluents can be used to irrigate and fertilize halophytic plants used for commercial purposes (Brown et al., 199xxx) or they can be used for seaweed culture, especially Gracilaria (Nelson et al. 2001).  Tilapia can also be grown in a polyculture with marine shrimp, which appear to consume tilapia wastes and Gracilaria which fixes nutrients.  In fact, tilapia-shrimp-seaweed systems may be the modern equivalent of Chinese carp polycultures.  Effluent from saline tilapia culture can also be used for mangrove restoration (Figure xx).

Drug residues are another aspect of effluents that should be minimized.  Obviously the   judicious use of antibiotics, methyltestosterone and other drugs is most important to reducing their presence in effluents.  Any residuals that do remain can be removed with activated carbon filtration or treatment with ozone.

Processing plant wastes are another effluent that needs to be controlled.  Efficient processing will recover much of the non-edible material.  Skins can be turned into leather, bone separators can recover flesh for formed products and the remainder can be made into fishmeal products. Several biotechnology products can be recovered from tilapia skins and organs.  Liquid wastes can be improved in settling basins and oxygen levels can be increased by aeration or ozonation.

Conservation of genetic resources

There are two major areas of concern regarding loss of genetic variability in tilapias.  The first concern is interbreeding of domestic stocks of tilapia with populations in the wild.  This is of special concern to geneticists because of the potential loss of genetic diversity that might be utilized in future breeding programs.  The second concern is protection of diversity within existing strains of farmed stocks.  Inbreeding of tilapia has been a recurring problem in tilapia farming areas around the world.  The ease with which individual farmers can spawn their own stocks has led to frequent problems including small founder stocks, genetic bottlenecks and rapid loss of heterozygosity.

Solutions to maintaining diversity:  The first requirement is to make sure that individual farmers understand the need to maintain physical and breeding control of their stocks.  This is the best way to keep domestic fish from breeding with natives or from breeding indiscriminately on the farm.  Beyond that, breeding programs including the GIFT project, and better line control on individual farms, will increase domestication.  Preservation of genetic material in the form of live stock and frozen gametes are also important tools.  Use of red strains and all male populations will also reduce the chances of domestic fish surviving and reproducing in the wild.

Conclusions
Tilapia aquaculture is an industry struggling with the problems of success.  We have a number of technologies available to solve these environmental and conservation issues.  To implement these solutions will slightly increase operating costs for farmers.  However, these solutions will allow worldwide tilapia production to continue to expand, providing thousands of new jobs, additional high quality fish products, and export earnings for many developing countries while protecting the environment.
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