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DESCRIPTION

Marine fish inhabit a wide range of environments where salinity
levels fluctuate due to various factors such as tidal cycles,
freshwater inflows and seasonal changes. Salinity, which refers to
the concentration of dissolved salts in water, significantly impacts
the physiology of marine organisms. Marine fish, as osmotic
regulators, face the challenge of maintaining the balance between
the concentration of solutes in their body and the surrounding
seawater. To survive in these varying conditions, fish have
developed highly specialized mechanisms for osmoregulation,
allowing them to manage water and salt levels efficiently. These
adaptations are essential for their survival, as they enable fish to
thrive in environments with high salinity, low salinity and even
brackish waters where freshwater meets seawater.

Osmoregulation is the process by which organisms regulate the
balance of water and solutes (like salts) within their bodies to
maintain a stable internal environment, or homeostasis. For
marine fish, this means controlling the concentration of salt in
their body fluids, which is different from the salinity of the
surrounding seawater. Since seawater is hypertonic (higher salt
concentration) compared to the body fluids of most marine fish,
these fish tend to lose water and gain salts through passive
diffusion. Marine fish have evolved various mechanisms to
regulate the flow of water and ions across their membranes. In
the ocean, where salinity is typically around 35 PPT (Parts Per
Thousand), marine fish must loss water. To prevent dehydration,
marine fish possess several adaptations that allow them to
conserve water and excrete excess salts. The gills of marine fish
are key organs for both respiration and osmoregulation. Marine
fish have specialized ionocytes (cells that regulate ions) in their
gills, which actively transport excess salts out of the fish’s body.
These cells use energy in the form of Adenosine Tri Phosphate (ATP)
It pumps sodiume and chloride ions out of the body, maintaining
low concentration of these ions in the fish's internal fluids compared
to surrounding seawater. The gills thus function as an active pump,
expelling excess salt from the blood while allowing for the
retention of water. This mechanism is important for preventing
salt overload in the fish's body. Unlike freshwater fish, which

absorb water passively through their gills, marine fish must drink
seawater to replace the water lost due to osmosis. However,
seawater is highly concentrated with salts, so drinking seawater
brings in not only water but also large amounts of sodium and
chloride ions. To deal with this influx of salt, marine fish rely on
specialized cells in their gills, kidneys and intestines to excrete the
excess salt. This process is energetically expensive, but it ensures
the fish maintains water balance despite the constant loss of
water to the surrounding environment. In addition to the gills,
the kidneys of marine fish play an important role in
osmoregulation. Marine fish produce small amounts of highly
concentrated urine to conserve water. The kidneys filter the
blood, reabsorbing as much water as possible, while excreting
concentrated waste products, such as nitrogenous
(ammonia) and excess salts. The kidneys help to maintain the
fish’s internal fluid balance by ensuring that water loss is
minimized, especially in hypertonic environments.
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Fish that inhabit brackish water or estuaries, where salinity levels
fluctuate between freshwater and seawater, face a different
challenge. In these environments, the salinity can change
significantly with tides or seasonal changes and fish must adjust
their osmoregulatory mechanisms accordingly. For instance, in
estuaries, where salinity is often lower than seawater but higher
than freshwater, fish must conserve salt and prevent excessive
dilution of their body fluids. In freshwater, where salinity is very
low, fish must actively take up salt from the environment to
maintain osmotic balance. This is in stark contrast to marine
fish, which must excrete salt. Freshwater fish have specialized
cells in their gills that actively transport sodium and chloride ions
into their bodies. This process helps prevent the dilution of their
internal fluids by the surrounding water. In brackish
environments, fish exhibit a combination of mechanisms that
allow them to switch between excreting excess salt and absorbing
salts, depending on the prevailing salinity levels. Understanding
these adaptations not only provides insight into the physiology of
marine organisms but also highlights the challenges faced by fish
in a rapidly changing world, where climate change, ocean
acidification and human activities increasingly affect the salinity
and temperature of marine environments.
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