





















































water. To reduce the introduction of competitors and disease-carrier organisms, the farm has
started to filter all raw water with 250 micron screens. Further decrease in need for water
exchange was achieved by increasing ponds’ aeration rates up to 18 hp/ha. A secondary pumping
station was installed to pump water from the discharge canal back into the distribution canal.
Discharge and distribution canals were equipped with mechanical aeration to improve water
quality. For the first two months, ponds are kept under zero-discharge. When shrimp biomass
load increases (generally 0.2 to 0.4 kg/m®) and based on water quality, water is released from the
ponds into the discharge canal. As described earlier, this water is pumped back into the
distribution canals and eventually returned to the ponds. Thus, the widening and deepening of the
discharge canals along with installation of supplemental aeration enable enhancement of the
ponds’ effluent water quality. This improvement in water quality makes this water adequate for
reuse without negative impact on the shrimp performance. Although some ponds can be operated
with no recirculation until harvest, other ponds may require up to 30% water recirculation per
day to maintain adequate water quality. In general, the farm’s average water recirculation rate
varies between 10 and 15% of the pond volumes per day. Only limited volume of new water (av.
of 1%/d) is being pumped from the river to compensate for evaporation and seepage losses.
During harvest water is being pumped into empty ponds to reduce TSS load. This water is
discharged into the river when water quality meets the standard set by regulatory agencies.

Another modification implemented by the farm to institute the “zero-discharge” management
was the reduction in stocking density from the initial 50 PL/m’ to a density between 30 and 40
PL/m’. Furthermore, to improve feed utilization, the farm’s is currently using feed trays (2/pond)
to monitor feed consumption. In addition, feed is offered three times a day using a tractor-
mounted feed-blower rather than the once a day practice used in the past. Unlike the past
practices, fertilizers are added to the newly filled ponds on an as needed basis. Under this no-
discharge management, the farmers have found that the same growth and survival results can be
obtained when low-protein diet (30%) was used rather than diets with 40 to 45% protein levels.

Figure 1 shows the decrease in water usage over five- year period at the AAA Farm. Current

practice requires about 2,500 | of water for the production of 1 kg of shrimp compare with about
38,000 1 used during the 1994 production season.

Figure 1. Reduction in water usage (volume in liters/1 kg of shrimp produced) by Arroyo
Aquaculture Association Farm, Arroyo City, Texas.
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Figure 2 shows the reduction in total suspended solids generated for every kg of shrimp
produced by the farm. TSS in the farm’s effluent water was reduced from the 3.5 kg for every 1
kg-shrimp produced in 1994 to 0.05 kg in 1998. Figure 3 shows the reduction in total ammonia
nitrogen generated by the farm for every 1 kg of shrimp produced. This level decreased from
almost 0.05 kg in 1994 to 0.0004 kg in 1998. A similar reduction trend was noticed in the five-
day carbonaceous biochemical oxygen demands. Figure 4 shows the reduction in CBODs from
0.18 kg for each kg of shrimp produced in 1995 to 0.01 kg in 1998. Figures 5 and 6 show the
differences in selected water quality parameters between the farm’s intake water and the water in
the reciculation system. No significant differences were found between the two sources in nitrite,
nitrate, pH, CBOD:s, and volatile suspended solids (VSS). On the other hand, ammonia, total
phosphorus, and reactive phosphorus levels in the recirculation system were much lower than in
the intake water. These findings suggest that the use of the water by the farm either did not affect
or improved its quality. Nevertheless, an increased was noticed in TSS and salinity in the
recirculating system compare with the intake water. While further modifications can help reduce
the TSS in this water, the slight increase in salinity is unavoidable. Figure 7 shows the changes in
average pond production of the farm over a five-year period. It is interesting to note that
although reduction in dietary protein level and water usage was noticed for the last five years, the
farm production was not affected. Beside the decrease in pollutant-load due to lower water usage
and use of low-protein feeds, another significant improvement was achieved due to more
efficient feed and feeding management that reduced the farm’s mean average FCR from 2.3 to
1.73.

Figure 2. Reduction in effluent TSS (kg/l kg of shrimp produced) by Arroyo Aquaculture
Association Farm, Arroyo City, Texas.
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Figure 3. Reduction in effluent total ammonia nitrogen (kg/1 kg of shrimp produced) by Arroyo
Aquaculture Association Farm, Arroyo City, Texas.

0.06 1

0.05 4

0.04
' 0.03 4
0.02 4

0.01 4

0.00

1994

1995

1996 1997 1998

Figure 4. Reduction in effluent CBODs (kg/1 kg of shrimp produced) by Arroyo Aquaculture
Association Farm, Arroyo City, Texas.
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Figure 5. Differences in selected water quality parameters between the incoming water and the
. recirculating system water of the Arroyo Aquaculture Association Farm, Arroyo City,
Texas.
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Figure 6. Differences in selected water quality parameters between the incoming water and the
recirculating system water of the Arroyo Aquaculture Association Farm, Arroyo City,
Texas.
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Figure 7. Changes in average pond production over five-year period in the Arroyo Aquaculture
Association Farm, Arroyo City, Texas.
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SUMMARY

The world shrimp farming industry is currently experiencing major crop losses due to disease
outbreaks. In some cases, these disease outbreaks were associated with degradation of receiving
streams. The paper reviewed several shrimp production systems and management strategies that
can be used to minimize crop losses and environmental deterioration.

Based on the results from both research and commercial production facilities, it is clear that
considerable improvements in biosecurity and sustainability can be obtained by retrofitting old
facilities and incorporating new design concepts into new operations. Consequently, commercial
producers are encouraged to adapt these technologies into their production systems. Based on the
positive results continue research designed to optimize operational parameters and
develop/evaluate new technologies are warranted.
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