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DESCRIPTION

Fish live in aquatic environments where the concentration of
dissolved salts can differ greatly from the internal conditions of
their bodies. Maintaining a suitable balance of water and
dissolved ions is therefore an essential physiological function.
Fish osmoregulatory physiology describes the processes through
which aquatic animals control body fluids despite continuous
movement of water and ions across the skin, gills, digestive tract,
and other tissues [1]. Sodium, chloride, potassium, calcium,
magnesium, and other ions are required for nerve activity,
muscle contraction, cellular signaling, enzyme activity, and
maintenance of normal cellular volume. Water balance is equally
important because excessive water entry or loss can disturb cell
function and reduce physiological performance [2].

The osmoregulatory strategy of a fish is strongly influenced by
the environment in which it lives. Freshwater fish generally have
body fluids that contain higher concentrations of dissolved ions
than the surrounding water. Water therefore tends to enter their
bodies through permeable surfaces, while ions can move
outward [3]. Marine teleosts experience the opposite general
situation because seawater contains a much greater
concentration of dissolved salts than their internal fluids. These
fish tend to lose water and gain ions from the environment.
Their physiological systems respond differently according to
habitat, life stage, species, and environmental conditions [4].

The gills are major organs involved in ionic and acid-base
regulation. Gill tissues contain specialized cells commonly called
ionocytes, which transport ions between the blood and the
surrounding water. These cells contain membrane proteins, ion
channels, exchangers, and transport enzymes that regulate the
movement of sodium, chloride, calcium, and other substances.
Their activity can change when environmental salinity changes.
Such flexibility allows many fish species to maintain relatively
stable internal fluid conditions even when external water
chemistry varies [5].

Freshwater fish generally produce large quantities of dilute urine
because water continuously enters the body through osmosis.
Their kidneys recover valuable ions from the filtrate while
removing excess water. At the gills, ion uptake mechanisms assist
in maintaining concentrations of sodium and chloride in the
blood. Dietary intake also contributes to mineral balance,
although the importance of food varies among species and
environmental conditions. The combined activity of the gills,
kidneys, digestive tract, and endocrine system allows freshwater
fish to maintain internal stability [6].

Marine teleosts face a different physiological challenge. Because
seawater is more concentrated than their internal body fluids,
these fish lose water across permeable surfaces. They compensate
by drinking seawater and absorbing water through the digestive
tract. During this process, substantial quantities of salts enter the
body. Specialized gill cells actively remove excess sodium and
chloride back into the surrounding seawater. The kidneys also
contribute by controlling the elimination of divalent ions such
as magnesium and sulfate. Urine production in many marine
teleosts is relatively limited compared with that of freshwater fish
because conserving water is important [7].

The endocrine system provides an important regulatory network
for these processes. Hormones influence ion transport, kidney
activity, drinking behavior, and changes in gill cell function.
Cortisol, prolactin, growth hormone, and several other signaling
molecules have been associated with salinity adaptation in
different fish groups. Their effects vary according to species and
environmental conditions. Hormonal signals can modify the
number and activity of transport proteins,
metabolism, and change the behavior of organs involved in

alter cellular

water and ion regulation [8].

Euryhaline fish are particularly studying
osmoregulation because they can tolerate substantial changes in
environmental salinity. Species such as salmon, mullet, tilapia,
and several estuarine fishes may move between freshwater and
seawater during different stages of their life cycle. When
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environmental salinity changes, their gill, kidney, intestine, and
systems undergo coordinated adjustments. lon
transport pathways can be modified, drinking behavior can
change, and energy allocation can shift toward physiological

endocrine

processes required for maintaining internal balance [9].

Salinity adaptation requires energy because active ion transport
depends on cellular metabolism. Mitochondria provide energy
for many transport processes occurring in gill ionocytes and
other tissues. Changes in salinity can therefore influence oxygen
consumption and metabolic demand. When fish experience an
abrupt environmental change, energy must be allocated between
osmoregulation, growth, movement, feeding, immune activity,
and reproduction [10].

CONCLUSION

Fish osmoregulation is therefore a coordinated physiological
process involving the gills, kidneys, intestine, endocrine system,
nervous system, blood, and cellular transport mechanisms.
These systems work together to maintain water content, ion
concentrations, and acid-base conditions within suitable limits.
Differences between freshwater and marine environments have
produced distinct regulatory strategies, while euryhaline species
demonstrate substantial flexibility when moving across salinity
gradients. Continued study of ionic transport, hormonal
regulation, metabolism, and environmental interactions can
improve understanding of fish physiology and contribute to
more effective management of aquatic production systems.
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