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Introduction

Aquaculture has been described by FAO 2010 as the farming of aquatic organism including fish, mollusks, crustaceans and aquatic plants and animals. Aquaculture is commonly unanimously described as the cultivation of aquatic plant and animals.
These definitions are okay but not exhaustive. They have generally not taken care of some aquaculture practices that cannot be grouped under definition. Some aquaculture practices starts and ends in the just breeding and strain development. This can be through the breeding and insertion of genetic materials. The recent technologies of biofloc and aquaponics are not also fully addressed. 
Aquaculture can therefore be describes as the culture or production of any aquatic animal and plant or plant in special aquatic medium for private, commercial, domestic, recreational or restocking purposes. The need for aquaculture is increasing globally. This is due to the depleting in wild fisheries and the global warming effects. There has also been cases of pollution and deoxygenating of the seas in recent times. There is little hope of recovery as most economic fish species are either over fishes or nearing such. Aquaculture provides the only viable alternative for meeting mans fish supply in near future.

Tropical aquaculture or warm water aquaculture is the culture of animal and plant species in warm water. There are many economically viable tropical aquaculture species example the catfishes Clarias gariepinus, Pangasius sp. and Tilapia and Oreochromis species. There are also some shell fish like the fresh water Caridean prawns like Macrobrachium sp and the Penaeid shrimps.
Differences between warm water and cold water fish species

Speciation of the cold water fish is quite different from that of warm water fish. This is pivotal in understanding the physiology of these two types of fish. Temperature tolerance is the major difference in terms of culture of the two species. Most tropical species are hardier than the temperate fishes. This could be attributed to harsh tropical ecosystem and diurnal changes. However harsh environmental conditions also face the temperate species. Most have to winter under ice. Consequently there are fewer species diversities in northernmost hemisphere. The hardiness of warm water species is a major factor enabling their world wide introduction. Finally the flesh of tropical fish species takes longer to cook than the temperate. Nevertheless these may not have any inferences on the taste of the two ecotypes.

Importance of Aquaculture 
Aquaculture has overwhelming importance. More than 220 species of finfish and shellffish are farmed. The practice of aquaculture makes available very important species like salmon, cod and many other species without seasonal variations. We can break down the importance of aquaculture under the heading below.

· Breaking geographical distribution barrier
         Introduction of exotic species to different part of the world from their home  

     base is aquaculture based. This has made available many important food fish sport 

     fish and aquarium fish in places they naturally were not found. Examples are like 
     rainbow trout, carps, tilapias, hundreds of aquarium fishes etc. FAO 2006 noted    

     that in Brazil 64% of aquaculture production as at 2006 was from exotic species.
     In Netherlands African catfish Clarias gariepinus is the second most farmed fish.
· Provision of animal proteins recreation

          Fish is a valuable source of animal protein. The per capita consumption of fish
     around the globe is enhanced through aquaculture. The dwindling ocean catches   

     have been ameliorated by production through aquaculture.
· Stocking of overfished/endangered sp

Through breeding programs the status of overfished and endangered species can be ameliorated. Aquaculture breeding tool is invaluable tool in stock restoration.

· Propagation of desired species

           Aquaculture offers useful tools for propagation and domestication of desirable 

      Certain fishes have desirable qualities for meeting human demands. These fishes 

      can be propagated through aquaculture and used effectively. Examples of these  
      are groups of grass car  that can be used for weed control, series of mosquitoes

      eating fish used in biocontrol of malaria vectors and parasite.

· Provision of essential fatty acids (EFA)
                    Aquaculture is excellent sources of omega 3 and 6 fatty acids needed by 

            Humans for good health. The importance of these fatty acids have been noted 

            In immunity enhancement, reproductive performances, development of fetus.

            The EFAs are also very important for prevention of cancer and heart disease.

· Provision of jobs and development

              Good source of employment. Aquaculture employs millions of people.
      Aquaculture has also opened avenues of many service industries like in areas of 

      aquaculture engineering, feed and nutrition, medicine and drug, civil and   

      construction etc  FAO 2006 noted that in sub-Saharan Africa alone aquaculture

      offers employment directly or indirectly to over 6-9 million people. 
· Foreign exchange earning

Good foreign exchange earner. Many aquaculture products are exported from one

country to the other. Asian countries lead in export markets of aquaculture.
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Fig 1EU aquaculture production 
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Figure 2. World aquaculture production by region with China disaggregated from the rest of Asia in 2004. Figure 1.
Source FAO State of World Aquaculture 2006.
Warm water ecosystems
Fresh water, brackish water and marine environments

The tropical ecosystem is made up basically fresh water, brackish and marine water ecosystems. The fresh water ecosystem comprises lakes streams, rivers, springs and burrow pits and reservoirs.
The brackish water environments comprised the brackish water, estuaries and streams, creeks and the swamps. The salt water or marine environment comprises the costal waters, and mangroves. 

These ecosystems constitute great aquaculture sites in the tropics. They are also sites of great aquaculture development and sources of aquaculture species.

Great lakes like Lake Chad and rivers like river Nile, river Niger and Benue, the Niger delta etc support great aquaculture and fisheries activities. The fresh water also provides sites for breeding and supports other agriculture industries.
The brackish water ecosystem are very good sites for shrimp culture and culturing of catfish like Heterobranchus species that can live in both fresh and brackish water. There is great specie diversity in the brackish water on tropical regions. 
The mangrove environment offers sites for diverse shellfisheries. The fisheries of mussels, oysters and barnacles are popular in the mangroves regions. These also serve as sites for periwinkles fisheries. These are collected by artisanal fishermen and sold to the public or used in fish farms. The shells of the shellfish are utilized in production of bone meal integrated into aquaculture feed and poultry feed.

Modified Environments

These are man made aquaculture environments other than the pond. These

Environments comprises places like rice farms, burrow pits, reservoirs and dams.

Rice farm.

Rice farms are good environment for intercropping with fish. It is ideal for extensive aquaculture. There are significant aquaculture practices in rice farm. Aquaculture goes well with rice farming. The fish utilizes some of the invertebrates associated with rice farming while at the same time fertilizing the farm. Rice farming especially fadama is suitable sites for African catfish and tilapia culture. They are also suitable sites for shrimps. Rice farms also needs very low investment for fish farming. 
Reservoirs

The reservoirs are sites of many aquaculture facilities in the tropics. In Nigeria the Kainji lake dam is a good fisheries site. There are great aquaculture potentials for the reservoirs. The reservoirs can be utilized for cages and serve as reserve of diverse species. Reservoirs ensure constant water supply devoid of seasonal effects.
Seasons and impacts

There are two major tropical seasons. The dry season and rainy season are marked by interwoven with other minor seasons. The minor seasons are like the harmattan seasons and the hot periods of early months of the year.
The seasons have marked aquaculture importance. The seasonal impact on aquatic species could still be seen on warm water species introduced into Europe and other parts of the world.

Dry season

The dry season is characterized by no rain, higher temperatures except during harmattan season, water body stratification, pH differences, reduced volume of water, higher turbidity, growth of some water plants, complex physico-chemical parameters.
The reduction in water volume together with other biotic and abiotic factors acts as environmental stimuli to the fish. The regulates the reproduction and movements of the fish. Tilapia and crustacean do not breed I dry seasons, like wise the catfish. The catfish un these periods usually move around under water logs and stones and shaded places. they usually come out to feed in the night when they are caught by anglers. There come out also during the days when the sun is not hot.
Wet season

The tropical wet seasons are characterized by heavy wind and also by

high rainfall, higher volume of water, flooding and flooding of riparian vegetation, higher humidity. There is less stratification of the water bodies and turbidity could increase depending on the bottom substrate and presence of water sheds. Anthropogenic factors also account for the water clarity and physicochemical nature of the water. Wet seasons are marked by breeding of the fish and mass movement of different species. The catfishes move to flooded riparian vegetation where they spawn and ovigerous female crustacean like the M. rosenbergii or M. vollenhoveni are much abundant. These are usually harvested and used in culture.
General season effects

Circannual ovarian regression / recrudescence

High food availability for different taxa

Wet season marks period of high growth among the fishes

Wet seasons are periods of reproduction 

Carnivores have more pray like the tadpoles and water insects

Seasons have serious aquaculture effects. Warm water fishes still exhibit some seasonal behaviors even outside the tropical regions.

There is higher GSI of the fishes during the wet seasons and lower during dry seasons

 Some fishes show lesser circannual rhythm eg (H. longifilis).

The effects of seasons on the GSI of Africa catfish in Kenya is shown in figure 2. 

The seasonal effects are not similar all over the tropics but generally the same. There may be few differences due to regional climatic differences. Usually the differences are negligible.

Generally the seasonal variations are bases for success in aquacultures of tropical species in the temperate zones. A simulation and manipulation of the tropical season will improve the productivity and culture of tropical species.
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Figure 3. Seasonal changes in GSI of African catfish with reference to rainfall in lake Victoria Kenya (Owiti and Dazie 1989).

Tilapia also shows some synchrony between reproduction, inter spawning interval and 

Egg number and size.  Fig  4 below shows some variations of O. niloticus when the daily light period was manipulated. This was the number of eggs showed significant differences over a six months period. The spawning periods were also different for the   O.noloticus subjected to different light regimes. However the 12L:12D which is like normal light regime and produced longest spawning interval of 20 ± 1 days, while the 18L:6D period produced shortest inter spawning interval of 15 ± 1. In Israel breeding of O.niloticus is more during April to May while in Nile the same breeds more from April to August. 
In Ethiopia the breeding has two peak periods from December to February and then from June to September.
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Figure 4.Changes in egg number of O.niloticus under light periods 
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GSI of O.niloticus in Ethiopian lakes

[image: image6]
Natural primary production synchronism with O.niloticus in Ethiopia

(Demeke 1996)
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[image: image1][image: image7.jpg]Figure 2. Distribution of aquaculture production
by countries in Europe (1997) (FAO, 2000).
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