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Health &
Welfare

Commercial-scale RAS trial yields
record shrimp production

1 November 2007
By Clete A. Otoshi , Scott S. Naguwa , Frank C. Falesch  and Shaun M. Moss, Ph.D.

Oceanic Institute develops biosecure RAS for
superintensive production
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Commercial shrimp producers worldwide continue to face critical challenges related to disease and
negative environmental impacts. These challenges have prompted farmers and researchers to develop
alternative production strategies, including biosecure, recirculating aquaculture systems (RAS). 

Signi�cant progress has been achieved in system design and management, improved shrimp
performance through selective breeding, and understanding of the complex microbial community to
mitigate water quality problems. However, production costs need to be reduced if this technology is to
be pro�table and embraced by the commercial sector. 

Commercial-scale demonstration
Researchers at Oceanic Institute in Waimanalo, Hawaii, USA, have developed a biosecure RAS for the
superintensive production of Paci�c white shrimp (Penaeus vannamei). Although encouraging results
have been achieved in research-sized units of 75 square meters or less, uncertainty remained regarding
potential scale-up issues.

In 2006, Oceanic Institute researchers modi�ed a 337-square-meter outdoor pond into a bio-secure RAS
for a commercial-scale demonstration trial. In early 2007, the RAS was stocked with 279,131 juvenile
shrimp from the institute’s speci�c pathogen-free growth line. The stocking density was 828 shrimp per
square meter, the highest ever attempted at the facility. Mean water depth throughout the trial was 1.6
meters. 

Physical damage at harvest is minimal even at superintensive
stocking densities.
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Water quality management
Management of ammonia and nitrite was accomplished by promoting the growth of nitrifying bacteria
on particles suspended in the water column. In addition, abundant photo-autotrophs and heterotrophs
contributed to the removal of these inorganic nitrogenous metabolites. 

Classic ammonia and nitrite acclimation spikes were observed during the early part of the trial, when
ammonia reached a maximum concentration of 6.0 miligram per liter, followed by a rapid increase in
nitrite concentration to 10.6 miligram per liter (Fig. 1). Ammonia and nitrite concentrations decreased
rapidly as the microbial community became more established.

After the fourth week, ammonia and nitrite concentrations stabilized and were low throughout the
remainder of the trial. Mean temperature, pH, and dissolved-oxygen concentration were 29.2 degrees-C
(25.4 to 32.7 degrees-C), 6.9 (6.1 to 8.6), and 6.1 miligram per liter (1.5 to 11.5 miligram per liter),
respectively. On average, only 2.1 percent of the total water volume was exchanged daily, and only 402
liters of water were used to produce 1 kg of shrimp. 

Shrimp performance 

Shrimp growth rate was variable throughout the trial (Fig. 2). Mean growth for the �rst �ve weeks was
0.8 gram per week. This low growth likely resulted from the small 0.5-gram shrimp size at stocking and
high nitrite concentrations during this portion of the trial. Once nitrite levels stabilized, shrimp exhibited
mean growth of 2.2 grams per week over the next six weeks. Overall growth was 1.5 gram per week,
while the feed-conversion ratio was about 1.6. Production was 10.3 kilogram per square meter, the
highest ever achieved at Oceanic Institute on a square meter basis.

Fig. 1: Total ammonia nitrogen and nitrite nitrogen concentrations in
the RAS.
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This, the �rst commercial-scale, superintensive grow-out trial conducted at Oceanic Institute,
demonstrated there were no signi�cant scale-up issues which negatively impacted shrimp performance
or system management. With regard to product quality, physical damage and scarring of the shrimp
were not observed at harvest, despite harvesting the shrimp at a density of 562 shrimp per square
meter. After harvest, 3,462 kg of shrimp were iced and sold fresh to local distributors or donated to local
charities. 

Economic analysis
The estimated production cost of shrimp from a hypothetical farm using production strategies and
results from this trial was U.S. $3.66 per kilogram. This represented a dramatic decrease in production
cost compared to previous trials at Oceanic Institute (Table 1, Dr. Terrill Hanson, Mississippi State
University). Importantly, opportunities exist to further reduce these costs through selective breeding,
improved feed formulations and feed management strategies, and automation technologies.

Otoshi,Shrimp performance and production costs, Table 1

Fig. 2: Shrimp weight and growth in the biosecure RAS.

Texas Farms
2001-2002a

O.I. Trial #1
2006b

O.I. Trial #2
2006c

O.I. Trial #3
2007d

Stocking density
(shrimp/m )2 50 301 401 828

Survival (%) 50.0 89.5 90.6 67.9

Harvest weight (g) 18.0 21.0 21.0 18.3

Growth rate (g/week) 1.00 1.44 1.49 1.50

Production (kg/m )2 0.45 5.7 7.6 10.3

Water use (l/kg shrimp) – 187 172 402

Cost (U.S. $/kg) 6.71 5.83 4.84 3.66

Table 1. Shrimp performance and production costs at commercial farms in Texas, USA, and Oceanic Institute.
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(Editor’s Note: This article was originally published in the November/December 2007 print edition of the
Global Aquaculture Advocate.)
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