WARM WATER AQUACULTURE SYSTEMS
There are different types of systems used in warm water aquaculture. Notable systems are recirculation aquaculture systems, earthen ponds, concrete pond, levee pond and cages and surface tanks. Successful aquaculture venture depends to a large extent on the culture system used. An understanding of the system and their construction is also vital in the management and culture of warm water fishes. Fish welfare like stocking density and management practices are also determined by the culture system. Project location could also be determined by the culture system. 
Types of culture systems

Concrete ponds

Concrete ponds are ponds made from solid concrete formation of cements, chippings and reinforcement. Concrete ponds come in different dimensions according to demand. Concrete ponds are durable and do not need constant maintenance of component parts  like dyke and pond bottom. The can have walk ways round the pond. Majors component of concrete ponds are sluice gate, monks, and inlet and out let channel and drainage channel within the pond. Concrete ponds may also have feeding chambers and or demand feeder.
Concrete ponds differ from surface tanks and earthen ponds.

Difference between concrete pond and earthen pond

-  Does not utilize earthen bottom substrate
-  There is no need for constant removal of pond mud or dry periods management tool.

-  Water quality is more stable and less vulnerable to erratic physico-chemical parameter 

   changes

-  Retains water longer than earthen ponds and cases of leaks and looses associated are 

  remote.

-  Easier to drain and manage once constructed

-  Saves cost of maintaining dykes or levee.

-   Easily supports intensive aquaculture system.

 Difference between concrete ponds and Surface tanks

 -    Surface tanks may be made of materials like hard plastic or steel or aluminum 

· Concrete ponds is below ground surface while surface tanks are above the ground
· Concrete ponds have sluice gates and monks while surface tanks may have inlet and out let channels

· Concrete ponds usually have more surface area than surface tanks
· Surface tanks may be made of concrete also but are usually made of blocks or bricks or both.

· Surface tanks easily supports different life stages culture being easily dividable and can come in more cluster than larger concrete ponds.

Surface tanks
 Surface tanks are versatile means of fish culture. They are very suitable for warm water environment where there are no cases of winter. Surface tanks can be made of materials like cement blocks, concrete, plastic, fiber glass, bricks or other durable materials.
Surface tanks are very good for culturing fish in batches and can as well be arranged in rows for intensive culture system. Surface tanks do not necessarily need sluice gate not monks. It mainly utilizes Special inlet channel and out let channels with turn down elbows. Surface tanks do not have dyke and could be made with provision for walk way above the tanks using corrugated metal walk ways. Surface tanks are easy to manage and easy to clean if properly managed. They are suitable for intensive and semi intensive warm water aquaculture. It is used in many parts of Africa for culturing of African catfish Clarias gariepinus.  Depending upon the size surface tanks may be cheaper to construct than concrete ponds. However leaks are more likely to result from surface tanks than from concrete ponds. Surface tanks would also need maintenance more often than concrete ponds. Surface tanks are tanks usually have sumps and outlet channels for the discharge of tanks culture water. If properly managed and well constructed fish cultured in surface tanks will be easy to harvest. In many occasions surface tanks may require the use of water ponds to get rid of the water during harvest. However this depends on managerial approach.

Advantages of surface tanks 

-Cheaper to construct than concrete ponds

-Can be sited in any place and easy to dismantle 
-Optimization of land use and can be lifted and suspended on pillars with other animals     

like chicken housed beneath.

-Ease of maintenance if properly constructed

-Requires lesser professionalism in setting up than concrete ponds.

Cage culture

Cages culture comes in different forms in warm water aquaculture. Cage farming is well adapted for the culturing of several species of cichlids and also the catfishes. Use of cage in fish farming should follow regulations from authorities. However it is cheaper to set up a cage farm than rest of the systems. There is avoidance of land cost, cost of civil work works and there is no need for fertilization in cage culture system. In some tropical countries cage farming is not widely practiced for several reasons. Top among the reasons are security, anthropogenic factors and lack of appropriate technology.
Most tropical cage farms are not like the advanced cage farms in Europe. However tropical cage farms are also highly productive and stock fish in very high density. Cages can be floated on drums or mounted on stakes that are fixed in pond bottom. 

Cages are usually produced with nylon mesh materials or hapas made according to the dimensions desired.  We shall be considering the cage construction in details latter.

Recirculation aquaculture systems (RAS)

RAS is the most advanced form of indoor aquaculture system used in warm water aquaculture. As the name implies RAS is basically referring to reuse of culture water after due filtration and re-oxygenation. RAS is meant for very high density intensive farming of warm water species.  RAS does not need constant water refilling. Only about 10% of the water is refilled regularly. This compensates for water losses due to evaporation or cleaning
Main features of RAS 
Culture tanks
Culture tanks are the main place where the fish are reared in RAS. The culture tanks come in different shapes and can be made of different materials. Some culture tanks are made of plastic material while some are made of concrete of block materials. The dimensions vary also according to requirements. However some concrete tanks may be be up to 500- 500,000 gallons capacity depending of the intensification of the farm. The capacity of tanks are usually correspondendent to the functional capacity of other componenets of the RAS like sump, biofilter and the inlet channel. The tanks capacity also depends on water availability. Tanks can be made of any material. Non concrete may be movable but might not last long as the concrete type.
Settling bed chambers

Filtration system (biofilter or trickling filters
Oxygen saturators

Foam fractionators and pumps
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 Figure 1 Structures of RAS
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The basic structure of the RAS is presented in figure 1. Fish is reared in the tanks. Used water goes to the settling bed for solid removal then to the biofiltration system water is circulated to the UV and oxygenated and sent back to the tanks. Some RAS have foam fractionators installed. This removes particles from the system.  RAS requires high input of feed. The fish feed contains lots of protein, and other essentials to meet fish’s nutrition demand. There is no fertilization in RAS aquaculture. Routine feeding usually lead to suspended material together with fecal matter in the culture tanks. This must be removed from the tanks and could cause high BOD leading to asphyxiation of the fish. Bacteria can generate ammonia and reduce oxygen in the tanks. 

The solid materials deposited in the tanks are classified into four major groups

Settlable----- Can settle out of water in 1 hour if water is still

Suspended----Cannot settle out of water in 1 hour usually make up to 50% of Suspended 

                       solids

Floating-------Usually <30 μ (microms) cannot settle out of water in 1 hr of still water   

Dissolved-----Example dissolved proteins form colloids and float on the water

These non settlable materials are removed by foam fractionators or protein skimming. The foam fractionators create bubbles at the bottom of the system. The bubble rises and the particles get attached to it. This creates a protein rich base and the bubbles are skimmed off fractionating unit to a collection. Turbidity is reduced and water becomes clear. There is also biofilters where the ammonia is converted to unionized ammonia that is harmless to the fish by nitrifying bacteria.
These perfect water conditions ensures very conducive environment for the functions of RAS and high density culture.
Advantages of RAS

-Enables very high density stocking of fish. African catfish can be stocked at 500kg M-2, tilapia can as well be stocked at very high density up to 250M-2
-Little water requirement for high density fish culture

-Low labor requirement. A whole plant can be operated by just few people probably three

-Low land requirement and safes money

-Reducing impact of seasonal changes

-Can be sited anywhere and closer to demand

-Less environmental pollution.

Disadvantage

· High investment requirement

· High energy demand

· Unsuitable for areas with epileptic power supply 

· High cost of fuel for operation of power supply.

Cage and pen culture 
Differences between cage and pen

      -Cage has a base while pens have the base of the water body. However many 

       -Still refers to cages as pens.  

Types of cages (submersible, floating)
           -Cages classified as either floating or submerged. Tropical cages are different

             Sophisticated cages used in advanced countries but are still very productive.
      -In Nigeria pens are used for shrimp in shallow sea water while cages are usually

        Used in fresh water fish culture.

Species suitability 
      Cages are suitable for culturing tilapia. They are also suitable for the catfish. Cage 

    Culture of tilapia reduces incidences of precocious reproduction. Cage culture 

System does not allow tilapia to easily breed and removes ability to over reproduce.

 The eggs fall off and the male can also not make breeding nest in case f nest 
 building fish.
Economics and anthropogenic factors
Cheap cost effective

Saves money and if properly managed can be very profitably due to low financial input and high gain from sales.

Site selection for cage
Cage cultures is suitable for lakes, streams, rivers, reservoirs estuaries and marine environment

Site must have following characteristics
Wind ward site preferable: It is advisable to locate cages in windward sites. This is due to the preponderance of water flow in relation to the wind. 
     Water current preferable : Cages are also good for water sites that have a certain amount of water current. In other words cages are good for lotic water sites. This will enhance free movement of materials and food and wastes in and from the cages. Cage sited in open water should be at least (>6 feet) from the bottom, while those sited in ponds should be at least (> 3ft) high from te pond bottom.

Good water quality is very important   
Good water quality is pivotal to sitting cage. It is important to avoid polluted and anoxic water. The cases are best sitted in clean water or water undisturbed

Security and accessibility
Cage culture in floats and sedentary
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Cage Construction & Management
Dimensions of cage (spherical, octagonal, square or cylindrical)
Dimensioned starts from determining the culture density. Then we can calculate the 

capacity of the cage to be constructed.

If we have a rectangular cage of dimensions  

Length- 20m
Width-  15m

Height-  10m

 The volume of the cage is 

Volume= Lx Wx H= 20 x 15 x 10 = 3000m3
Area = Lx W = 20 x 15 = 300m2
If we have a circular cage Calculations for this depends also on dimensions

Assuming we make cylindrical cage of diameter 10m, height 15m, what will be volume?

Vol= π • r² • height or ¼ • π • d² • height 

=22/7 X 25 X  15=1178.57m3

Stocking at 70 fish m-3 number of fish

=70 X 1178= 82,460 fish.
We can as well calculate the area of the cylinder if we want to stock per area.

Area of the cylindrical cage = (2. π. r²) + (2. π .r .height)

Where, (2. π. r²) = surface area of the two ends and 

The lateral area of the two sides is = (2. π .r .height)

     Cage construction
Cages can be made from series of materials. 

· Materials( special nylon mesh, mesh size, species under consideration, fouling)

· Materials should be determined by the expected stocking biomass, expected harvest biomass, water current force)

· Frames and fittings (Plastics, woods, bamboo, steel) NO IRON!

· Use extruded diet, reduce waste
· Neck collar should be rigid for lifting

· No baggy shape

· Even netting very important to avoid escapes and tearing

· Mesh size life stage dependent, cotton or cotton /polyester mesh recommended
· Reliable Floats, Styrofoam (used chemical plastic drums recommended) No metal drum!

· Proper mooring or anchoring.
Environmental best management 
· Site cage in water current area 

· Avoid overfeeding and waste

· Routine cleaning of net and base

· Build up check and prevention
It is important to make regular check of build up under the cage. This could lead to deoxygenation and algal bloom. It can as well lead to intense enrichment which may trigger dire consequences.
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