


































In south Texas much progress has been achieved with outdoor pond production systems operated 
with reduced or with no water di scharge. In most cases, these systems employ heavy aeration to 
maintain adequate dissolved oxygen levels. Significant reductions in water usage, nutrient and 
pollutant releases were achieved when these farms started to use sedimentation basins, water 
recirculation, lower stocking densities, low-protein diets and high aeration rates. The following is 
a brief description of one of the farm (Arroyo Aquaculture Association Farm, Rio Hondo, Texas) 
along with a short summary of the farm's past and current management practices. 

The Arroyo Aquaculture Association (AAA) farm is located on the far southeast region of Texas, 
near Arroyo City along the Gulf of Mexico. The farm pumps its water from a nearby creek 
(Arroyo Colorado) into two di stribution canals that feed the ponds by gravi ty. Out of 85 two­
hectare earthen ponds at the farm, only ten ponds are not being used. Each pond is equipped with 
twelve to eighteen 2 hp paddlewheel aerators . Production management during the early ninety of 
Li/opel/Gells VGI/I/Gmei by the farm based on high stocking density (50 PLlm2

) , use of high 
protein feeds (40-45%), heavy water usage (up to 380,000 mJ/d with about 10%/d water 
exchange), high fertilization rate, and minimal aeration. The effiuent waters generated by this 
and other shrimp farms have created a serious growth-limiting factor for the emerging Texas 
shrimp farming industry. It is particularly true for Texas coastal areas, in which the di scharge is 
going into bays and estuaries behind barrier islands that have limited water exchange with the 
Gulf of Mexico. Farms were required to limit their volume of discharges and to meet certain 
effiuent water quality standards. Under these conditions, the farmers were looking for cost­
effective methods to improve effiuent water quality and reduce the nutrient releases to receiving 
water. Early 1994, researchers from T AES and Texas A&M University-Kingsville together with 
the farmers have launched an intensive-sampling program to characterize the farm's effiuent 
water quality. Preliminary testing was also ca rried out to identity potential methods to minimize 
pollutant releases to receiving waters. A detai led summary of the data collected in thi s study is 
provided by Lopez (1996) and Samocha and Lawrence (1997). The study showed that dissolved 
oxygen, ammonia, and TSS levels were in most cases above the limit set by the state regulatory 
agency. The main conclusion from thi s study were (I) drainage ditch soil erosion was one of the 
main source of the high TSS levels in the farm's effiuent waters; and (2) the farm ' s drainage 
ditch served as a primary sett ling basin and helped to reduce effiuent TSS levels. Based on the 
data obtained from this study, a few modifications were implemented by the farm to improve the 
effiuent water quality. To reduce effiuent TSS levels, sections of the drainage ditches with high 
soil erosion were lined with geotextile membrane, primary drainage ditches were deepened, 
widened and partitioned to enhance settling. To minimize TSS release during harvest, water from 
the pond in harvest were pumped into empty pond for initial settling. In add ition, an extensive 
testing program was initiated to evaluate the feasibility of reducing water di scharge during 
production. Although trend toward reduction in water exchange was noticed throughout the 
years, a significant emphasis was placed on fine-tuning this practice after the massive crop losses 
due to the Taura virus syndrom ou tbreaks in 1995 . To minimize the risk of sp read ing pathogenic 
viral diseases in the state of Texas, shrimp farms are only allowed to use certified "High Health" 
seedstock (e.g., post larvae that were produced from vira l pathogen-free broodstock populations). 
After the initial Taura disease outbreak, shrimp farmers have realized that beside reduction in 
potential negative environmental impact, production of shrimp under no, or with limited water 
di scharge can significantly reduce the ri sk to their cultured stocks from contaminated incoming 
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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/m2

) 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 \0 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 PLlm2 to a density between 30 and 40 
PLlm2 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 I of water for the production of 1 kg of shrimp compare with about 
38,000 I used during the 1994 production season. 

Figure 1. Reduction in water usage (volume in litersll 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 effiuent 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 CBODj 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, CBODj, 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. 75 . 

Figure 2. Reduction in effiuent 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. 
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Figure 4. Reduction in effluent CBOD5 (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 
. re<;:irculating 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. 

22 

1.4 

1.2 

...J 0.8 
0, 
E 0.6 

0.4 

0.2 

N02-N 

Dlntake D Avg Re ci rc 

N03-N NH3-N TP RP 



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 faci lities, it is clear that 
considerable improvements in biosecurity and sustainabi lity can be obtained by retrofitting old 
fac ilities 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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