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The culture of marine shrimp is
primarily conducted in near-coastal
areas using waters of estuarine and
oceanic origin of 1-40 ppt salinity.
However, numerous environmental,
social, and economic advantages sup-
port the expansion of euryhaline shrimp
and fish production away from coastal
environments. Euryhaline animals can
adapt to live in fresh water or seawater.

Because of the ready availability
of Pacific white shrimp, Litopenaeus
vannamei, postlarvae and their toler-
ance to low salinity, this species is
being cultured in inland waters rang-
ing 0.5-28.3 ppt in salinity. A number
of farms have been in production for
almost 20 years.

Unique Problems
The culture of marine species in

inland areas has great potential, as it

could diversify agriculture, provide
alternative species for existing aqua-
culture operations, and minimize the
use of expensive coastal lands for aqua-
culture. However, because this is a rel-
atively new field and the animals are
maintained in a rather unique environ-
ment, a variety of unique problems
must be addressed.

For shrimp, the problems unique to
low-salinity inland systems include
highly variable survival rates between
ponds; mortality when the animals are

subjected to salinities and/or tempera-
tures within their range of tolerance in
marine environments; and tail cramp-
ing, lethargy, and disoriented spinning
behavior in the shrimp. Most of these
problems seem related to physiologi-

cal imbalances associated with the
unique rearing environment. 

Taking marine organisms from wa-
ters of high salinity to low salinity
causes two major physiological stress-
es: the diffusive loss of salts from the
haemolymph or blood to the medium
and resultant uptake of water from the
medium. The second stress can be par-
ticularly damaging. Tissues and cells
take up water and increase in volume,
and the resulting cell swelling impairs
normal functions. 

Current Research and Theory
Although data is limited and some-

times anecdotal, it appears the ionic
balance of low-salinity inland water is
sufficiently different from brackish
water of oceanic origin to result in a
number of problems. Figure 1, which
presents laboratory results in terms of
growth and survival for juvenile shrimp
reared in varying qualities of low-
salinity water, demonstrates the varia-
tion of survival often seen with these
water sources. 

Results from a variety of studies
have demonstrated correlations be-
tween the concentrations of certain
potassium and magnesium ions in the

water and shrimp survival. Farmers in
areas of Alabama, USA, with low lev-
els of these minerals in their water
supplemented ponds with fertilizers
high in these ions and found the sup-
plements partially mitigated the prob-
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Figure 1. Response
of juvenile L. van-
namei reared over
four weeks in low-
salinity well waters
of various qualities
as compared to 
dilute seawater. 
Values with similar
superscripts are not
significantly differ-
ent from each other.

The dietary effects of
phospholipids on stress
response in L. vannamei
must be better under-
stood to develop effective
diets for low-salinity 
inland culture of this
marine shrimp.
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lems. This resulted in a shift of sur-
vival from around 25% to 56% in com-
mercial ponds. 

Some farmers have also chosen to
utilize feeds modified to contain en-
hanced levels of magnesium and potas-
sium ions, sodium chloride, phospho-
lipids, and cholesterol. Shrimp offered
these diets reportedly had haemolymph
serum osmolality values higher than
those given a commercial feed with-
out nutrient enhancement. 

Dietary Manipulation 
The ion profile of saline water ap-

pears to be more important than its
salinity in its effect on shrimp survival
and growth. This is probably due to low
concentrations of certain ions in low-
salinity water that influence osmotic
balance and mineral availability from
the water, which in combination with
low levels of the same minerals in the
diet, result in insufficient levels to
meet physiological requirements. Ionic
imbalances due to osmotic stress or
depletion of mineral reserves would
account for some of the observed
problems. 

Given that aquatic animals can ob-
tain minerals from food sources as
well as the water, dietary supplements
of selected minerals could facilitate
better survival and growth of shrimp
held in low-salinity conditions. 

Earlier research by the first author
conducted in outdoor tanks at a salini-
ty of 10 ppt indicated that if a mineral
premix was removed, growth fell by
11.8%, even in the presence of natural
foods. When shrimp were held at 35
ppt and the mineral premix was re-
moved, a 7.2% growth depression was
observed.   

In general, marine shrimp species
reared in seawater do not require di-
etary sources of magnesium and potas-
sium, which are high in natural seawa-
ter, whereas freshwater species reared
in freshwater require dietary supple-
ments. Penaeus monodon appear to
require a dietary source of potassium
when reared in brackish water, but
may not when reared in full-strength
seawater. 

Salt Supplementation 
Aids Fish

Research with red drums, Sciaenops
ocellatus, and Asian sea bass, Lates

calcarifer, has indicated positive ben-
efits from the addition of salt to diets
when the fish are reared at low salini-
ties. Given this information, the sup-
plementation of potassium, magne-
sium, and sodium chloride to practical
diets is recommended and research
into the influence of minerals on
growth and survival in low-salinity
water is warranted. 

Preliminary trials by the authors
adding sodium chloride supplements
to shrimp diets have not resulted in
enhanced performance. However, de-
livery of these and other water-solu-
ble salts is technically more difficult
in shrimp than fish due to shrimp’s
feeding habits. In shrimp feeds, the
leaching of these minerals must be ad-
dressed to ensure delivery after the
pellets are immersed in water. Leach-
ing losses can be reduced by using a
variety of techniques to stabilize the
pellets or less-soluble chelated or
coated forms of the minerals. 

Other Factors
Dietary protein, fatty acids, and en-

ergy levels could also play important
roles in influencing the ability of
shrimp to cope with low-salinity envi-
ronments. Several authors have postu-
lated a relationship in shrimp between
protein requirements and water salini-
ty extremes. For example, in high-
saline conditions, L. vannamei respond
positively to increased dietary protein,
while the protein requirements for P.
monodon have been reported higher
when they are reared in low-salinity
water. 

Free amino acids such as proline,
glycine, and alanine are involved in
the intracellular osmotic regulation of
penaeid shrimp in high salinities. How-
ever, in low-salinity waters, these free
amino acids are not needed for osmot-
ic balance but may be used for energy
to maintain osmotic homeostasis.
Therefore, an excess of protein or free
amino acids such as arginine, which is
phosphorylated as a high-energy de-
rivative controlling the cell content of
adenosinetriphosphate (ATP), may fa-
cilitate the adaptation to low-salinity
environments.

Fatty Acids, Phospholipids
Osmoregulation is a membrane-

mediated process for which enzymat-

ic pathways and membrane perme-
ability influence osmotic balance.
Fatty acids and phospholipids, major
components of biological membranes,
are influenced by environmental param-
eters such as salinity and temperature. 

A number of authors have reported
salinity-induced changes in the fatty
acid composition of fish cells. Gill lipid
metabolism and ion transfer across fish
gills are better understood than such
functions across shrimp gills. In fish,
salinity-induced changes in fatty acid
cell composition have been reported,
and one would expect the same in
shrimp. 

A review reported that the effects
of phospholipids on stress response in
L. vannamei are not fully known, but
appear beneficial. Consequently, if
specific diets for low-salinity culture
of marine shrimp are to be developed,
the effects of dietary lipids need to be
better understood. 

Carbohydrates
Although shrimp are more efficient

at digesting proteins than carbohy-
drates, they do obtain a considerable
proportion of their energy needs from
carbohydrates. Such energy is essen-
tial for the maintenance of ionic pumps
for ion exchange and other energy costs
associated with osmoregulation. 

Carbohydrates can play a direct or
indirect role in providing energy for
osmoregulation. Blood glucose levels
fall when shrimp are exposed to ex-
treme salinities, confirming the ani-
mals' use of carbohydrates in osmotic
adaptation. Hence, there may be advan-
tages to looking at available energy
sources which best provide energy for
stressful culture conditions. 

Conclusion
In general, the culture of shrimp in

low-salinity inland waters is increas-
ing with considerable success. How-
ever, a number of production problems
appear to be associated with subopti-
mal ionic profiles of the water and the
ability of shrimp to osmoregulate at a
given life stage. As nutrient intake di-
rectly and indirectly influences shrimp’s
tolerance of stress, the supplementa-
tion of selected minerals and lipids
above the levels typically used in ma-
rine shrimp feeds appears warranted.


