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Summary:
An intensive growout trial pro-
duced 5.7 kg/m2 of market-size
shrimp in 14 weeks in a recircu-
lating aquaculture system using
minimal water volume and only
0.34% daily water exchange.
Alternative management strate-
gies allowed the elimination of
costly external biofilters and
other system components used
in previous trials, thereby reduc-
ing production costs.
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Recirculating aquaculture sys-
tems (RAS) offer several advantages
over traditional shrimp farming in
coastal ponds. Water requirements
are reduced significantly, thereby re-
ducing the potential for pathogen in-
troduction into the culture environ-
ment, and nutrient and biological
pollution of the natural environ-
ment. In addition, an RAS can pro-
duce shrimp at an inland location
away from sensitive coastal areas
and closer to markets. However, high-
er capital and operating costs have
been a barrier to the economic viabil-
ity of RAS growout technology.

Recent research at the Oceanic
Institute in Hawaii, USA, has fo-
cused on reducing production costs
by simplifying recirculating system
design, improving management stra-
tegies, and enhancing shrimp per-
formance through selective breeding.

Growout Trial

In a super-intensive growout
trial, shrimp representing 27 fami-
lies from the Oceanic Institute selec-

This RAS at the Oceanic Institute is used for super-intensive shrimp production
and to evaluate shrimp family performance.

tive-breeding program were tagged
and stocked in a raceway-based re-
circulating system. The RAS consist-
ed of a 75-m2 concrete raceway with
system components that included a
foam fractionator, oxygen generator,
and air stones. Clear ultraviolet-pro-
tected plastic sheeting was used to
cover the raceway as a biosecurity
feature to reduce pathogen introduc-
tion by airborne vectors. The cover
also served as an effective thermal
insulator to maintain desirable wat-
er temperatures.

Water use was minimized so that
suspended particles, attached bacte-
ria, and microalgae could be retained
in the production system. This was
important because shrimp reared in
water with high concentrations of
microalgae and microbial-detrital ag-
gregates grow better than shrimp
reared in filtered sea water. Also, sus-
pended particles could serve as at-
tachment sites for nitrifying bacteria.

A total of 22,600 juvenile shrimp
with mean weight of 0.81 g were
stocked in the RAS at an initial den-
sity of 300 shrimp/m2. The shrimp
were fed a commercial 35%-protein
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feed in the morning by hand and by
belt feeders for the remainder of the
day and evening.

Shrimp Performance

After 14 weeks, 20,238 shrimp
with a mean weight of 21 g were har-
vested from the raceway. Final sur-
vival was 89.5%, and mean growth
rate was 1.44 g/week. The feed-con-
version ratio was 1.49, with a final
production of 5.7 kg/m? (7.5 kg/m3).

Batch weights by family at stock-
ing and individual harvest weights
were measureed to evaluate family
performance. Seven shrimp families
exhibited growth performance of 1.5
g/week or more and at least 85% sur-
vival during the 14-week trial. One
family had a mean weight gain of
24.7 g (1.8 g/week growth) and sur-
vival of 99.5%. Furthermore, 243 in-
dividuals (2.7% of the tagged shrimp
harvested) exhibited growth rates of
2 g/week. This group included repre-
sentatives from 18 of the 27 families.
Clearly, selective breeding will con-
tinue to play a significant role in en-
suring good shrimp performance in
these production systems.



Water Quality

One hundred sixty 1 of water
were used to produce 1 kg of shrimp.
Water lost to evaporation and the re-
moval of protein fractionator sludge
was replaced at a rate of 0.34%/day.

The high mean water tempera-
ture of 28.8° C £ 0.1 S.E. throughout
the 14-week trial supported rapid
shrimp growth and could be attrib-
uted, in part, to the plastic cover that
acted as a thermal insulator. The
mean dissolved oxygen (D.0O.) con-
centration was 5.48 mg/1 + 0.07 S.E.
With few exceptions, D.O. concentra-
tions were maintained above 5.00
mg/1 throughout the trial.

Mean total ammonia nitrogen
concentration was 0.99 mg/1 + 0.21
S.E. (Figure 1), while mean nitrite
concentration was 2.32 mg/1 + 0.18
S.E. Ammonia and nitrite removal
was accomplished by in situ mi-
crobes in the water column and at-
tached to surfaces. No external bio-
filters were used during the trial.

Nitrifying Bacteria

The initial fill water for the RAS
was clear well water devoid of parti-
cles upon which nitrifying bacteria
could attach. This likely accounted
for the variable concentrations in
total ammonia nitrogen and nitrite
nitrogen observed throughout most
of the trial. However, low and stable
concentrations of these inorganic
nitrogen species were observed dur-
ing the last three weeks of the trial,
when shrimp biomass was high.

On day 58, the mean total bacteri-
al count using a highly sensitive
“DAPT” DNA stain was 3.9 x 108
cells/ml. Fluorescence in situ hy-

Concentration (mg/l)

bridization techniques indicated
that nitrifying bacteria of the genus
Nitrospira were present at a concen-
tration of 1.2 x 108 cells/ml and rep-
resented 31% of the total count.
Water analysis conducted on day
91 showed a total suspended solids
concentration of 1,365 mg/1. The par-
ticles provided significant surface
area upon which nitrifying bacteria
could attach. In addition, photoau-
totrophs were present in the water
column, and mean net oxygen pro-
duction was 3.1 mg oxygen/1/hour.
Data on RAS microbes suggests
there is functional redundancy in
terms of ammonia and nitrite re-
moval, where photoautotrophs, ni-
trifying bacteria, and heterotrophic
bacteria all play important roles.

Evolving Performance

Results from this trial reflected ad-
vances over previous Oceanic Institute
research. Water exchange, for example,
was significantly less than previous tri-
als with 1.00-2.00% daily exchange. Al-
ternative management strategies al-
lowed the elimination of costly exter-
nal biofilters and other system compo-
nents — aspirator-type aerators, de-
gassing columns, and artificial sub-
strates — and reduced production costs.

Feed conversion and survival also
improved over previous trials, in
which feed-conversion ratios were
typically greater than 2 and survival
ranged 70-85%. Although super-in-
tensive trials at the Oceanic Institute
have been conducted using stocking
densities as high as 700 shrimp/m?2,
the moderate stocking density used
in this trial may provide a more con-
sistent, reproducible result.
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Figure 1. Nitrite nitrogen and total ammonia nitrogen concentrations.
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