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Belize Aquaculture, Ltd. uses a zero-water-
exchange/recycle strategy to produce shrimp. This technol-
ogy significantly reduces the effluents and sediments that
would normally be released to the environment by a typi-
cal intensive shrimp farm, and markedly increases farm
biosecurity. The system has sustained very high yields and
improved feed and pond utilization efficiency. 

Nutrients are not flushed from the ponds – as occurs
when water is exchanged from conventional ponds – but
are recycled within the pond, with a higher percentage of
the nutrients assimilated into shrimp carcass biomass.

When water exchange is used as the main pond manage-
ment tool, the basic ecological communities are dominated
by phytoplankton and zooplankton. This autotrophic com-
munity can be very unstable and result in wide swings in
pH. It is also dependent on sunlight for its energetics, and

does not result in efficient recycling of nutrients within the
pond system.

Heterotrophic Bacterial Communities
The goal of managing a pond with high shrimp stocking

densities and no water exchange is to shift from an au-
totrophic ecological community of phytoplankton to that of
a heterotrophic community of bacteria. The heterotrophic
communities in Belize Aquaculture ponds that develop
after seven to eight weeks are characterized by flocs com-
posed of bacteria cells imbedded in a matrix of calcium and
silicate. 

Initially the flocs are small, but by the end of the cycle
they can be as large as 2 mm. They add additional surface
area to the pond, resulting in increased assimilation of dis-
solved organics and the recycling of inorganic nutrients.
Flocs enable omnivorous shrimp species like L. vannamei

to directly consume the bacterial bio-
mass, which is high in protein, amino
acids, and certain microelements.
Shrimp consumption of these flocs
contributes to both the nutrition of
the shrimp and efficient recycling of
pond nutrients into shrimp biomass.

Overview: Belize Aquaculture Pond Management

Water Filtration
Ponds are initially filled with new seawater that has

been filtered down to 165 μ. Using this size mesh has ef-

The goal of managing a pond with high shrimp stocking 
densities and no water exchange is to shift from an 
autotrophic ecological community of phytoplankton to that 
of a heterotrophic community of bacteria. 

CHANGING PARADIGMS IN SHRIMP FARMING:
V.  ESTABLISHMENT OF HETEROTROPHIC BACTERIAL COMMUNITIES

Seawater is passed through 165-micron filter bags before use.
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fectively eliminated fish, crabs, mussels, and most barna-
cles from our ponds. Newly filled ponds are fertilized with
nitrogen and phosphorous fertilizers over a two-week period.

After developing a typical shrimp pond phytoplankton
bloom with associated zooplankton, the pond is stocked
with PL10 at densities that produce shrimp yields over
13,000 kg/ha. It becomes more difficult to shift from an au-
totrophic ecology to a heterotrophic ecology if stocking
rates are not high enough to produce a shrimp yield greater
than 13,000 kg/ha.

Feeding
Ponds receive both a grain-based pellet and a complete

shrimp feed. After stocking a pond, the feed rate is set at
200 to 250% of shrimp biomass, an amount of feed or or-
ganic input much larger than the shrimp will consume. This
extra feed nurtures bacterial populations that will be re-
quired later in the cycle to handle the large amount of
wastes generated as the shrimp biomass increases. 

A grain-based pellet (18% protein) with a carbon/nitro-
gen ratio of 20:1 represents 90% of the total feed added to
the pond. A complete shrimp diet represents the balance of
the feed input. Later in the cycle the grain-based diet is re-
duced to 25% of the total feed input. 

Water Quality
As heterotrophic conditions develop during the seventh

or eighth week of culture, pH and alkalinity decreases, and
C02 increases. In order to maintain optimal conditions, al-
kalinity is maintained at levels between 75 and 90 ppm by
the addition of hydrated lime. 

Initially, oxygen levels show diurnal variations typical
of semi-intensive culture ponds being managed with water
exchange. As heterotrophic conditions develop, the variation

between morning and afternoon levels becomes negligible. 
Aeration

Aerator operation is variable. During daylight hours
when shrimp biomass is less than 12,000 kg/ha, 50% of the
paddlewheels are turned on, while 100% of aerators are op-
erated when shrimp biomass exceeds 12,000 kg/ha and at
night. 

Water removed from ponds during drain harvest opera-
tions is directed via canals to a settling basin. Water is re-
tained in the settling basin for seven days, a period of time
sufficient to remove up to 70% of the nitrogen and 80% of
the phosphorous. Nitrogen removal occurs both by the set-
tling of organic-bound nitrogen and denitrification of inor-
ganic forms of nitrogen. Phosphorous is removed either
through the settling of organic forms or the absorption of
inorganic forms into soil particles on the basin bottom.

Pond Preparation
The day following a harvest, the pond is cleaned by

washing any accumulated sludge into the settling basin.
The pond is sun-dried for one day and then filled with water
from a settling basin that has been treated for a seven-day
period. This recycled water is treated with 300 kg/ha hy-
drated lime, 250 kg silicate cake, and 300 kg/ha of the
grain-based pellet. The materials are added in three appli-
cations over a five-day period. The pond is then ready for
stocking seven days after the pond was harvested.

Grain-based pellets are used to nurture the microbial 
community in the ponds.

Figure 1. Aerators are offset 60% of the distance from
the corners toward the center of the ponds.

Extra feed nurtures bacterial populations that 
will be required later in the cycle to handle 
the large amount of wastes generated 
as the shrimp biomass increases.
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Development of the Heterotrophic System
Several factors are key to developing a heterotrophic

system, including: 
• high stocking rates that produce suffi-

ciently high shrimp biomass
• adequate pond aeration to provide 

sufficient water movement to keep solids 
suspended and sustain oxygen levels 
to support a healthy shrimp population

• relatively high organic inputs to feed
both shrimp and bacteria populations, and a 
correct balance of nutrients required by bacteria, 
such as carbon and nitrogen. 

High Stocking Rates
When shrimp stocking rates fall below 100 PL/m2, it be-

comes more difficult to establish heterotrophic condition.
Stocking at higher rates results in a system that seems to
stabilize earlier, with cleaner pond bottom conditions. Cul-
ture conditions have been most stable with stocking rates
between 125 and 140 PL/m2. At higher shrimp biomass, the
animals’ activity stirs up the pond bottom, leading to more
solids in suspension and resulting in cleaner conditions.        

Water Movement
Sufficient water movement to keep bacterial flocs in

suspension is also critical. Large flocs will settle out very
quickly when water movement is eliminated. Belize Aqua-
culture places paddlewheel aerators 60% of the distance
from the corner of the ponds toward the center (Figure 1.)

These aerators are directed to create a clockwise circu-
lar water motion. Water velocity varies from 0.23 m/sec at
the outside of the pond to 0.05 m/sec at the middle of the
pond. Oxygen levels remain above 4 ppm throughout the
pond, except for an area around the pond center where the
oxygen level drops to below 1 ppm. 

It is in this center area (approximately 15% of the total
pond area) that water velocity is reduced to a level where
solids settle from the water column. To further minimize
settling, two aspirator-type aerator devices direct a current

of water at the bottom of the center area. Settled material
in this area is then resuspended and moved back into the
primary circular water current. 

Aerator Positioning
Positioning of the aerators has been very important in

developing a system that results in maximizing the amount
of material kept is suspension, while minimizing the accu-
mulation of anaerobic sludge on pond bottoms. Belize
Aquaculture has determined that – depending on salinity
and temperature conditions – one applied horsepower of
paddlewheel aeration is sufficient to provide sufficient oxy-
gen transfer to support 450-550kg/ha of shrimp biomass in
each pond.

This article will be continued in the February 2000 issue
of the Global Aquaculture Advocate.

When shrimp stocking rates fall below 100 PL/m2, 
it becomes more difficult to establish heterotrophic 
conditions. Stocking at higher rates results in a system 
that seems to stabilize earlier, with cleaner pond 
bottom conditions.

Each applied horsepower of aeration supports about 450-550
kg/ha of shrimp production.


