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Biofloc technology and water quality considerations

In the last decade biofloc technology (BFT) has become commonly used in intensive shrimp culture
systems, including nurseries. BFT has various significant advantages regarding water quality and
nutrition for the young shrimp in nursery systems, including the potential for controlling nitrogenous
wastes without a need for water exchange or external biofilters; the contribution of biofloc to the
nutrition of the animals; and its diverse microbial community frequently can frequently
displace/exclude pathogenic microorganisms. There is a common misconceptions about biofloc, that
they are zero exchange systems, but a limited exchange for removal of excess biofloc is required to
keep these systems stable. Also, that sterilized/pasteurized/disinfected molasses or sugar must be
added to maintain a biofloc, but biofloc systems can be managed with little or no sugar or molasses,
and in fact, bioflocs maintained with less sugar input are often more stable.

The control of nitrogenous wastes is accomplished through the management of bacterial populations
in the water. Autotrophic systems are green water or plankton-dominated, with phytoplankton, macro-
algae and/or nitrifying bacteria that can get their carbon source for ammonia conversion from sources
other than carbohydrates. This is also considered a highly variable source of food and should not be
considered when calculating total feed requirements. Algae-based systems have a highly variable
effect on O,, CO, and pH levels. A high pH (over 8.5) can cause ammonia to be in a toxic form and
should be avoided in low water exchange systems. In heterotrophic systems, water management is
based on low or zero water exchange with bacteria dominating the microbial population, and a proper
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Nursery systems produce shrimp juveniles that are stronger, grow faster and typically have better FCR
and survival rates, as well as significant potential for compensatory growth.

C:N ratio is essential for floc formation and ammonia consumption. For high protein diets that
contribute high levels of nitrogen into the system, often additional carbohydrate sources must be added
to maintain the correct ratio. Bioflocs can contribute significant nutrition to shrimp, but should not be
considered a reliable, constant predictable source of food in management of these systems.

To establish a biofloc, the following procedure is recommended by well-known shrimp farming and
biofloc expert Dr. Tzachi Samocha:

1. Add a probiotic like EZ Bio daily, beginning before the start of the production cycle;

2. At the start of the production cycle, add sugar in proportion to the amount of feed added (30
percent);

3. Measure all forms of nitrogen (NH4-N, NOo-N, NO3-N) daily.

When nitrate appears, gradually begin decreasing the amount of sugar added, eliminating it in about
five to seven days. This procedure results in a biofloc composed of both heterotrophic bacteria and
autotrophic bacteria — called a mixotrophic system, which are more stable with lower TSS levels and
lower oxygen demand. Maintaining this system requires reduction in light intensity to about 70 percent.
Appropriate carbon additions are important, requiring adequate estimates of nitrogen according to feed
protein, and proper determination of the proportion of ammonia to be made available to the
heterotrophic bacteria.

Probiotics are another important addition to the system, and provide significant benefits to water

quality (by initiation of the biofloc, digestion of organic material, and reduction of ammonia levels) and
in disease control (by production of antimicrobial agents and by exclusion of pathogens).
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Reliable and uninterrupted aeration is a critical component of shrimp
nursery systems.

Water quality considerations

Shrimp nursery systems require the best water quality possible, and ideally from the same source as is
used in the grow-out production ponds. Water should be pumped into reservoir tanks and properly
treated. Most nursery systems should implement at least some degree of filtration and disinfection of
incoming water, including sand filtration, cartridge filtration (5-50 microns; layers of 1 micron, big-sized
filter bags are highly recommended) and chlorination (20-30 ppm).

De-chlorination can be accomplished by aeration or addition of thiosulfate, but the later approach is
discouraged because of possible detrimental effect of the chemical to the animals. When feasible,
either use vitamin C addition or natural de-chlorination with aeration as the best approach. Nurseries
requiring the highest levels of biosecurity implement additional post-filtration of incoming water,
including the use of ozone or U/V sterilization, activated carbon filter and final cartridge filtration.

Support equipment for nurseries must include properly-sized incoming water pump(s) and distribution
pipes and blowers with sufficient capacity and emergency back-up power; generator and diesel-powered
units as an additional layer of security if electricity and generator(s) fail. And typically installed to run
only the air blowers. Round tanks usually use one 0.5-1 hp blower for each 100-m? of tank volume.
Rectangular tanks usually use 2-3 hp blowers per 100-m? of tank volume. Newer designs are using
venturis or air injectors that both aerate and circulate the water without the need for any blowers. These
newer designs require lower initial capital investments and have lower operating costs while increasing
the system'’s carrying capacity.

Shrimp nurseries operate at very high animal densities and biomass, imposing continual monitoring of
various critical water quality parameters, animal health and other variables. Essential equipment
includes DO meters; a spectrophotometer/colorimeter for determinations of NH3, NO,, alkalinity, free
chlorine and H,S; refractometers/salinometers; thermometers; pH meters; and ORP meters. Monitoring
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ionic balance is also recommended, including for calcium, magnesium and potassium if using lower
salinity water. In addition, weighing scales and sampling equipment for animals, and automatic feeders
and feed trays. Power backup systems and oxygen bottles — and oxygen-producing chemicals like
H,0, and KMNO3 — are other critical components to include in the design of these systems, in case of
power failures. Larger and more complex nurseries can also have an automated monitoring systems
with a variety of sensors and alarms to promptly warn operators of system failures and issues.

Bioflocs — seen here concentrated on the edge of the container
together with young shrimp - can be a significant source of nutrition
to the animals, but not a constant and predictable source of food
when considering the management of these systems.

Proper water aeration is critical in shrimp nursery systems, not only providing oxygen to the shrimp for
effective feed utilization and growth, but just as importantly for the oxidation of the liquid, solid and
gaseous waste of the system. Water aeration, circulation and circular flow in the tanks and raceway
systems may be provided by various equipment, including spray bars from high pressure pumps,
nozzles and/or by airlift pumps, and paddlewheels. The latter can be used in phases 2-3, but are
discouraged for phase-1 systems due to potential physical damage to the young shrimp. Systems
using both spray bars and airlift pump systems have the advantages of redundancy if either the water
pumps or air blowers have mechanical failures.

Along with proper water temperature (normally not an issue in indoor systems), dissolved oxygen (DO)
is the most important water quality parameter. It must be maintained at or above 4 ppm; however, 6
ppm is the optimum level for better animal growth and should ideally be measured at least 12 times per
day. Instances when DO levels are less than 4 ppm typically require prompt measures like water
exchange and sludge removal, suspension of feeding and probiotic treatments, and the addition of pure
oxygen.
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Management of nitrogen metabolites is another critical step. Low oxygen results in poor FCRs and
reduced tolerance to ammonia. Ammonia is produced as a by-product of protein metabolism and is
excreted across the shrimp’s gills (shrimp waste/feces are also sources of ammonia). Ammonia exists
in two forms: NH3 (toxic) and NH,4 (non-toxic). NH3 increases with increasing pH and temperature and
is more toxic when the pH is above 8.6. Ammonia is converted into nitrite by certain nitrifying bacteria.
High levels of nitrite interfere with oxygen uptake by the blood. Nitrite is more toxic for juvenile than for
adult shrimp. Both ammonia and nitrite must be measured daily, and monitoring nitrate (NO3) is also
recommended due to its role in oxidizing anaerobic bottom sludge and removal of H,S build-up. When
a system is new, there is zero accumulation of NO3 and adding nitrate at this point is important.
Without water exchange, there is a chance that anaerobic decomposing sludge will produce much
harmful H,S.

In the third and last installment of this article, we will discuss feeds and feed management in shrimp
nursery systems.
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