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Distributes oxygen, fertilizers, liming and other products, helps
with destrati�cation of water column

Proper mixing of water in aquaculture systems is important to distribute
dissolved oxygen, fertilizers, liming and other products, and to prevent
strati�cation of the water column. Photo by Darryl Jory.
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The water in aquaculture production systems should be circulated and mixed by the wind, and in more intensive systems,
through mechanical means. In this article I will discuss why mixing is so important.

In aquaculture systems, there often are concentrated sources of the substances found in the water. Fertilizers and liming
materials applied to ponds consist of concentrated mineral particles that dissolve. Concentrations of fertilizer nutrients
and calcium and bicarbonate from fertilizers and liming materials reach equilibrium levels near the particles. This slows
dissolution unless concentrations of dissolving substances near the particles decline by moving quickly away to prevent
equilibrium from occurring. Nutrients and basic substances from fertilizers and liming materials, respectively, must also
move through the water volume to be effective.

The air is a concentrated source of dissolved oxygen, but oxygen quickly enters the surface �lm of water and saturates it.
The rate of entrance of more oxygen from the air depends upon the rate of movement of oxygen from the surface �lm to
the water mass. Dissolved oxygen concentrations are increased by aeration devices, but if the oxygenated water does not
move away, the elevated dissolved oxygen concentration around the aerator decreases aeration e�ciency. Dissolved
oxygen is produced by phytoplankton in the illuminated surface waters of ponds, but it must be moved by water currents
to improve conditions in deeper waters near the bottom.

Phytoplankton often becomes abundant in surface waters, and scums of certain buoyant species form at the surface in
still water. These organisms move with water currents, and mixing causes more uniform phytoplankton abundance
throughout the water volume and minimizes algal scums.

Heat and diffusion
Heat moves through water by conduction from areas of higher temperature to areas of lower temperature. Other
substances move by a similar process called diffusion. Particles of a dissolved or suspended substance continually
collide with each other, and they also collide with other dissolved and suspended substances and with water molecules.
These collisions result in de�ection of particles in random directions.

In an area with a high concentration of particles of a particular substance, there are more collisions than in areas of low
particle concentrations of the substance. This results in a natural movement of particles from an area of high
concentration to surrounding areas of lower concentration. Particles of a substance migrate from high to low
concentration, and eventually, a uniform concentration will result throughout the mass of water.

Diffusion is a very important process in moving solutes among cells of living organisms. But, even so, the movement of
solutes within organisms is slow, and cells have active carrier mechanisms to accelerate the process. In an aquaculture
pond with perfectly still water, it would require years for particles of a substance to diffuse from a concentrated source
and reach uniform concentrations throughout the water volume.

Effects of wind
The wind produces water currents and tends to mix water bodies, but wind will not prevent thermal strati�cation in water
bodies that have depth greater than a few meters. Ponds maximum depths of 3 to 4 meters may stratify for long periods in
warm weather. Strati�cation is an unwanted consequence in aquaculture, because the upper, warmer, less dense layer of
water (epilimnion) in which oxygen enters from the air and in which oxygen is produced by phytoplankton photosynthesis
is separated from the deeper, cooler, denser water (hypolimnion). Sudden destrati�cation of such water bodies can mix the
oxygen-less bottom water containing reduced substances into surface water resulting in oxygen depletion.
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Aquaculture ponds usually are constructed so all areas are more than 2 meters deep. Nevertheless, thermal strati�cation
may occur during daytime, because turbidity caused by phytoplankton absorbs or re�ects most of the incoming solar
radiation within the upper 0.5 to 1.0-meter layer. Thermal strati�cation in shallow ponds collapses at night when surface
water cools by convection. However, weak strati�cation that occurs during the day may result in impaired water quality
near the pond bottom – especially lower dissolved oxygen concentration.

Aquaculture production has shown a tremendous trend of intensi�cation during the past 20 years. This has resulted from
greater use of fertilizers, liming material, feeds and other inputs. Wind mixing is not su�cient to prevent thermal
strati�cation in many extensive and semi-intensive ponds, and in modern, intensive systems it certainly is not adequate to
uniformly mix dissolved and suspended substances throughout ponds.

Wind also is not adequate to move metabolic wastes from areas of high concentration and mix them with waters of lower
concentration for dilution. If this is not done effectively, certain areas of ponds will not be suitable for the culture species
resulting in them congregating at higher density in areas of suitable water quality.

Several types of aerators can be used to prevent strati�cation of the
water column in aquaculture production systems. Photo by Darryl Jory.
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Movement of oxygenated water across pond bottoms
It is extremely important in ponds for there to be movement of oxygenated water across the bottom. Organic matter
continually settles on the bottom and is mixed into the surface layer of soil by biological activity. The oxygen demand in
sediment is high, and dissolved oxygen in the pore water can only move downward by diffusion and in�ltration. The
downward movement of oxygen in sediment is not as rapid as its rate of removal by organisms decomposing organic
matter.

As a consequence, sediment seldom contains dissolved oxygen below a depth of a few millimeters. Anaerobic conditions
may occur at the sediment-water interface in some organically enriched sediment. Such areas are avoided by shrimp and
�sh. Mixing of the pond should be strong enough to provide a current of oxygenated water across the pond bottom.

Mechanical aeration produces water currents, and enough aeration should be applied to mix the entire pond volume. This
may be encouraged by positioning multiple aerators across the pond. However, care must be taken to prevent aerator-
induced water currents from eroding the pond bottom and especially the inside of embankments. Plastic liners are
particularly effective in preventing erosion of embankments. Soil particles eroded by aerators settle within the pond in
zones of low water velocity. Accumulation of soil particles along with particles of organic matter create zones of poor
water quality at the sediment-water interface which are avoided by culture animals.

We do not know the ideal water velocity within ponds or how to achieve a uniform water velocity using aerators. Some
companies manufacture devices speci�cally designed to create mixing in water bodies. There has been some use of these
devices to supplement aerator-induced currents in aquaculture ponds, but few data have been collected to ascertain the
best way to position and use these devices. Even less is known about water circulator use in aquaculture than is
understood about optimizing water circulation with aerators.

Author

Diffuser hoses, typically placed on the bottom and supplied by air
blowers, can be used to aerate the water column and provide mixing to
aquaculture tanks and raceways. Photo by Darryl Jory.
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