Aquaculture - a global view

Definition:

An often-used characterization of aquaculture is that proposed by the Food and Agricultural Organization of the United Nations:

The farming of aquatic organisms including fish, mollusks, crustaceans and aquatic plants with some sort of intervention in the rearing process to enhance production, such as regular stocking, feeding, protection from predators, etc. Farming also implies individual or corporate ownership of the stock being cultivated.

To purists, however, the FAO classification fails to provide the definitive definition of aquaculture because for some, an inherent feature of aquaculture is absolute control over all aspects of the cultivated organisms life cycle; an attribute that precludes the need to harvest animals or plants from the wild. Aquaculture in the latter sense therefore, becomes a totally controlled production system analogous to terrestrial agriculture. Clearly, however, no one definition can satisfy everyone. Because aquaculture is practiced in the vast majority of the globe’s nations, it is not surprising to find that socioeconomic, cultural, religious and political differences influence the manner in which aquaculture is characterized legally.

A brief history of aquaculture

It remains uncertain as to the precise time or indeed location that aquaculture emerged. The archaeological record nevertheless illustrates that fish and shellfish have always been important sources of food to humankind. Early Neanderthal (500,000 years before present {BP}) and Cro- Magnon (25-10,000 BP) man are both known to have used fish hooks and nets and some sites suggest that both groups may have constructed primitive ponds that held fish. It is doubtful however, that these early hominids provided any direct care for their captives. Nonetheless, the intentional impoundment of aquatic organisms for later use as food or otherwise, symbolizes the first stage in the development of controlled farming of the aquatic environment. This protoaquaculture was developed further by the Egyptians of Dynastic times, some 4000 years ago. 

The Egyptians, the first example of human settled civilization, used fish in religious rights and as both food and currency. The importance of fish culture and the development of apparently drainable ponds is seen in several illustrations from the tombs of various pharaohs. In Asia, and especially China, fish culture, and specifically the cultivation of freshwater carp, was practiced around 3500-4000 years ago. A defining moment in the development of aquaculture occurred 2500 years BP, with the publication of a short treatise on carp farming by Fan Li. This text outlined the design and layout of fishponds, their breeding and the rearing of fry. Fan Li therefore, provides us with clear evidence of technological development required to separate proto-aquaculture from aquaculture, as it is more or less perceived today. In Europe, the Romans were active in the cultivation of fish and shellfish over 2200 years ago. Indeed, it was likely the Romans that first practiced mariculture – aquaculture in the sea.

Archeological and written evidence supports the contention that the Romans spread aquaculture throughout Europe and its Empire. The Etruscans too, are known to have managed coastal lagoons and in certain instances, built embankments to enclose these Mediterranean ponds some 2000 years ago. Throughout the Middle Ages, the number of fishponds in Europe increased dramatically although from the late Sixteenth to early Seventeenth Centuries their importance declined, probably due to the outbreak of Black Death, which reduced the population of Europe by at least 50%.

A defining moment in the development of aquaculture was the demonstration that fish could be induced to spawn artificially. This finding, elaborated in Brazil in 1934, drove aquaculture forward by eliminating the need to collect wild seed or broodstock. This freedom brought about the revolution that was needed to support the rapid growth of the industry on a global scale. The development of methods for rearing larvae and controlling the reproductive cycle of aquatic species in general has created a hugely diverse industry of significant economic value. As researchers have discovered more about the life cycles of cultured aquatic organisms and the stimuli that encourage their development, aquaculturists have adapted their systems to gain greater control over production-related factors: growth, sexual maturation, reproduction, disease control and immunology. More recent has been the trend towards ensuring the safety and quality of the final product as well as developments in the culture of novel, non-food organisms.

Contemporary Aquaculture

The United Nations (UN) estimates that by 2037 the world’s population will have exceeded 10 billion. This rapid growth in humankind will bring with it severe difficulties not only in terms of shelter, education and health care, but also in maintaining current levels of protein intake. The Food and Agricultural Organization (FAO) of the UN acknowledge that global fishery output must be increased by at least 50% to offset projected shortfalls in dietary protein by 2030. At present, production by traditional fisheries and aquaculture has reached approximately 150 million tons. Of this total, commercial and artisanal fisheries account for around 94 million tons of seafood. 

Aquaculture production exceeded 30 million tons in 2000. An estimated 30 million tons of seafood was discarded at sea. The latter comprised species of little or no current commercial value and represented 20% of total fishery production. Accordingly, provided that a food use can be found for present-day discards, a further 30-40 million tons must be produced in order to achieve a 50% increase in global fishery production. Realistically, this shortfall can only be met by emplacement of enhanced fisheries management practices, a position that at present would appear untenable, since most of the world’s fisheries have already exceeded maximum sustainable yields or are being fished at maximum permissible levels. Aquaculture, therefore, presents the only method of offsetting predicted fishery shortfalls.

Today, aquaculture is practiced in fresh, brackish, and marine waters, in tropical through arctic conditions, in inland lakes and ponds through to large offshore cage operations. In certain countries, such as China, Italy and the Philippines, aquaculture not only provides a significant proportion of national seafood production and hence food security, but is also important in generating foreign income. Until 2002, aquaculture was the fastest growing food production system in the agricultural sector with year on year increases of about 10%. Global production of all aquacultured organisms approached 35 million tons with mariculture representing approximately 50% of the total. The value of aquacultured product exceeded US$30 billion with freshwater fishes representing the greatest tonnage and worth. The value of certain species, such as shrimp, which exceeded US$5 billions in 2002, or 17% of total aquaculture worth, had a production of less than 5%. While generally associated with the production of food fish, aquaculture is a diverse industry and includes the rearing of both food and non-food organisms.

The largest harvest of a single species is that for the seaweed, kelp, followed by the Indian and Chinese major carps, scallop and Pacific oyster. Comparatively few other species are produced at levels of a million tons or more. Notable exceptions are the tilapia and all species of farmed salmonids (e.g., Atlantic and Pacific salmon, Arctic char, rainbow trout, etc). It is not surprising to find, due to the diversity of species cultured, that the rearing systems employed are also diverse. In general, aquaculture production can be categorized as extensive, semi-intensive and intensive in form. Extensive aquaculture is characterized by low to no inputs (food, fertilizer, etc.) and low stocking densities. Extensive aquaculture is practiced in lakes, reservoirs and lagoons. Often, extensive aquaculture incorporates the culture of two or more species in the same water body (polyculture). Good examples of extensive aquaculture are seen in East and South-East Asia, as illustrated by the Ganges baor or ox-bow lake systems of Bangladesh. Semi-intensive aquaculture, which is often integrated with agricultural production, is distinguished by increased stocking rates and the requirement for some level of input, such as food, fertilizer, chemicals, etc. Integrated systems, as seen in China, incorporate fish production with the rearing of swine (the night soil of which is used to fertilize ponds), ducks (that churn sediment and assist in nutrient turnover), plants (which may be used as food), etc.

In marked contrast to other forms of aquaculture, intensive production systems are typified by the need for total control over the production cycle. Examples of intensive aquaculture include the cage cultivation of salmon, pond production of channel catfish, microalgal cultivation and rearing of crocodiles and alligators. Intensive aquaculture generally demands total provision of feeds, chemicals, fertilizers, etc. and may also incorporate more sophisticated levels of intervention: control of reproduction, larval rearing, vaccination and so forth. Commercial culture of shellfish, such as oysters, scallops, mussels and clams, although considered as intensive due to biomass levels attained, do not usually require feed and other inputs. Due to the nature of the shellfish industry, however, it is considered more time-, and labor-intensive (predator removal, maintenance of beds and sets, etc). 

Intensification of aquaculture operations is constrained by a variety of factors, which include competition for water with other resource users (agriculture, fishermen, recreationists, etc.) and an increased demand for high quality water. The cost associated with the construction of new aquaculture facilities is generally high, today often exceeding a million dollars or more. With this increased level of investment, vulnerability to catastrophe is enhanced and hence the business becomes more risky. Many of the species reared under intensive conditions are fed with feeds that incorporate a high level of fishmeal as the protein source. The decline in the availability of fishmeal (and fish oils) and competition for its use (chicken, swine and other animal feed industries) has become problematic in economic terms. More expensive feed and chemical inputs demanded by intensive aquaculture has impacted the industry’s profitability. Together with these economic factors, the level of stress experienced by animals held under intensive conditions increases and this elevates the chances of serious disease outbreaks occurring. Associated with an increased biomass in a production system is an enhancement in sophistication of the technological production environment. This in turn provides a higher demand for a skilled labor force with good management skills. The latter are expensive and indeed, often unavailable in the workforce. Accompanying aquaculture intensification are amplified problems with effluent outputs. In many countries (USA, Canada, UK, Denmark, Australia) legislation has been enacted in efforts to reduce the potential environmental impact of aquaculture and this, in some instances, has forced closure of operations or reduced their production potential. 

Increasing concern regarding the environmental issues represents one of many motives that have driven the interest of investors to examine alternatives to traditional, intensive aquaculture. Chief among new technologies for production have been developments in cage design, especially units that are able to withstand the battering of high seas. On land, many have turned to their attention to recirculation systems. These units, which are now commonly encountered in Europe and the United States, as well as in South-East Asia, provide several advantages over traditional, generally flow-through or open pond designs. Firstly, some of the most efficient operations, as seen with European eel and African catfish production, are able to recycle 95% or greater of culture water. Secondly, since the systems are closed, effluent output is substantially reduced and in certain instances, collected sludge offers benefit as a growth medium for vermiculture, as a compost or fertilizer. Thirdly, because most recirculating units are maintained in doors, the cultured inventory is not exposed to externalities, such as disease, water pollution, predators and air-borne contaminants. Lastly, the rearing environment can be optimized to match the greatest growth performance of specific species. A down side of recirculating systems however is that they are technology heavy and the components required for successful operations are diverse and sometimes expensive. Commercial recirculating systems may include tanks, pumps, separators, flocculaters, UV treatment towers/pipes, biofilters, oxygen injection systems, protein skimmers, and a host of other components. This demand for technology to ensure constant environmental conditions for the species of interest is not only costly, but also requires expertise for maintenance and repair purposes.

Aquaculture has not been immune to developments in molecular and cell biology and a number of specialist producers have developed novel technologies for the mass production of microalgae that produce pigments of high interest, various drugs, ranging from radionucleotide protectants through to immunostimulants of medical significance to cosmetic products. The seaweed aquaculture industry too, has benefited greatly with the advent of biotechnology, with premium prices being made for high quality agars and carrageenan products. Aquaculture has also become deeply involved with restoration projects. Conservation aquaculture embraces many fields from the production of rare species of freshwater mussel, through to coral reef rehabilitation, giant clam preservation, protection of endangered species of marine turtle and a host of freshwater and marine fishes. The industry has also examined the potential for niche markets, whether these are for the marine aquarium trade (corals, nudibranchs, marine fish) or for the production of natural sponges, amphibians, colored pearls or sea cucumbers. The aquaculture industry continues to expand at great pace and it is unlikely that this speed of development will weaken. The application of new technologies and techniques, such as satellite imagery and geographical information systems, provides investors with great knowledge regarding site selection and risk management (impending algal blooms, tsunamis, etc). 

Developments in water treatment systems and the integration of ecologically sound production methods will highlight future aquaculture developments. Of significance in this regard will likely be the use of recirculating pond techniques and the formulation of elite feeds that have minimum environmental impact potential. As new species are examined or new strains produced, the ability to double aquaculture’s production potential by 2030 does not appear unreasonable. Over the coming decades, the global stage is set to witness the arrival of new species and technologies that will offer aquaculture significant advantages, in terms of growth potential, production efficiency and environmental sustainability.

Commercial Aquaculture in the United States

The first scientific record of aquaculture activities in the US was that of John Bachmann, from Charleston, SC, in 1804. Bachmann discussed the hatching and rearing of brown trout. The Canadian, Samuel Wilmot reported on the spawning of Atlantic salmon in 1866 and by 1870 was selling salmon eggs to various states. For the next 75-80 years various individuals became involved in the artificial culture of fish and shellfish, mainly for stocking purposes. Either state or federal Government funded most activities of this type until 1945, when the first commercial rainbow trout hatchery was opened in Idaho. Since that time, the commercial rearing of rainbow trout has become established in many states and forms the basis of a highly successful industry. By the early 1950s, farmers were producing goldfish and baitfish. Baitfish culture flourished during the 1960s being particularly strong in Arkansas where today over 30000 acres are devoted to the industry. During the late 1950s, it was demonstrated that channel catfish could be produced economically by pond rearing. This event stimulated government research into the potential for catfish farming and resulted in the establishment of experimental facilities in Alabama and Arkansas.

By the late 1960s trials were being undertaken upon the culture of shrimp in Florida and later, in Texas. The late 1960s and early 1970s witnessed rapid growth in the aquaculture industry, a growth that was stimulated by research findings from government, private, and university laboratories. Net pen or cage culture operations were first developed in Washington State in the mid 1960s and it is this technology that was adapted by the Norwegians who, together with Chile are now the top producers of salmon in the world. The 1970s saw the development of primitive recirculation technologies and throughout the two following decades many refinements to closed system aquaculture and high seas net pen culture were developed. By 1990 American aquaculture was producing 150 million kg of seafood, a figure that was to double over a period of 5 years. By 2000 the value of aquacultured product approached US$1 billion farm gate prices, or almost US$6 billions in retail value. The industry employs either directly or indirectly almost 200,000 full-time personnel who are engaged in the culture of food fish, baitfish, ornamentals, sport and game fish, edible mollusks and crustaceans, macrophytes, alligators, frogs and other species. This diversity of species is reared in ponds and raceways, tanks and net pens or cages, on prepared bottoms and in recirculation systems. The value of the industry to Mississippi alone exceeds US$ 290,000,000 and the top 15 producer states have US$ 25,000,000 industries. 

American aquaculture still remains a small part of agricultural production. Nevertheless, it is clear that the industry is poised for rapid growth in a wide variety of fields. The future of US aquaculture will be dependent to a certain extent upon the industry responding to pressure from overseas imports. Greater emphasis upon quality and nutritional safety of farm-raised product will clearly come to the foreground. The industry will also have to develop new methods for optimizing production efficiency if it is to hold its own against international competition.
