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Preface

Fish physiology is the scientific study of how the component
parts of fish function together in the living fish. It can be contrasted
with fish anatomy, which is the study of the form or morphology
of fishes. In practice, fish anatomy and physiology complement
each other, the former dealing with the structure of a fish, its
organs or component parts and how they are put together, such
as might be observed on the dissecting table or under the
microscope, and the later dealing with how those components
function together in the living fish.

Fish are an important resource worldwide, especially as food.
Commercial and subsistence fishers hunt fish in wild fisheries or
farm them in ponds or in cages in the ocean (see aquaculture).
They are also caught by recreational fishers, kept as pets, raised
by fishkeepers, and exhibited in public aquaria. Fish have had a
role in culture through the ages, serving as deities, religious
symbols, and as the subjects of art, books and movies. Fish are a
huge group of animals, represented by over 28 000 different species.
They are the oldest as well as the largest group of vertebrates.

Most fish exchange gases using gills on either side of the
pharynx (throat). Gills are tissues which consist of threadlike
structures called filaments. These filaments have many functions
and “are involved in ion and water transfer as well as oxygen,
carbon dioxide, acid and ammonia exchange. Each filament
contains a capillary network that provides a large surface area for
exchanging oxygen and carbon dioxide. Fish exchange gases by
pulling oxygen-rich water through their mouths and pumping it
over their gills. In some fish, capillary blood flows in the opposite
direction to the water, causing countercurrent exchange. The gills
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push the oxygen-poor water out through openings in the sides of
the pharynx.

In biology, reproduction is the process by which new individual
organisms are produced. Reproduction is a fundamental feature
of all known life; each individual organism exists as the result of
reproduction. Although the term reproduction encompasses a
great variety of means by which organisms produce new offspring,
reproductive processes can be classified into two main types:
Sexual reproduction and asexual reproduction.

In fish, fertilisation of eggs can be either external or internal.
In many species of fish, fins have been modified to allow Internal
fertilisation. Similarly, development of the embryo can be external
or internal, although some species show a change between the two
at various stages of embryo development. Thierry Lodé described
reproductive strategies in terms of the development of the zygote
and the interrelationship with the parents; there are five
classifications - ovuliparity, oviparity, ovo-viviparity, histotrophic
viviparity and hemotrophic viviparity.

The book describes candidly the life processes of fishes,
particularly their functions that relate to organs and organ systems.
Although fishes have many of the similar vertebrate characteristics
found in humans, they differ remarkably in other ways because
of the strict limitations placed on them and beacuse of the unique
opportunities afforded to them by their aquatic environment.

Saaduz Zafar Ali
Dr. Kunvar Dlip Prtap Singh
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Nutrition

Animals need a variety of nutrients to meet their basic needs.
These nutrients include fats and carbohydrates that provide
energy, proteins that furnish amino acids, vitamins that serve as
co-factors for enzymes and perform other functions, ions required
for water balance and for nerve and muscle function, and selected
elements that are incorporated into certain molecules synthesized
by cells.

To determine the levels of nutrients that are needed to sustain
normal activities, researchers monitor the relationship between
nutrient intake, the levels of nutrients maintained in the body, and
health. To determine how nutrition can affect athletic performance,
researchers alter the intake of specific nutrients and assess how
athletes respond.

For example, investigators have shown that athletes who ingest
a high-carbohydrate diet for three days outperform individuals
who ingest a high-fat, high-protein diet.

There are seven major classes of nutrients: carbohydrates, fats,
fiber, minerals, protein, vitamin, and water. These nutrient classes
can be categorized as either macronutrients (needed in relatively
large amounts) or micronutrients (needed in smaller quantities).
The macronutrients are carbohydrates, fats, fiber, proteins, and
water.

The micronutrients are minerals and vitamins. The
macronutrients (excluding fiber and water) provide structural
material (amino acids from which proteins are built, and lipids
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from which cell membranes and some signaling molecules are
built) and energy.

Some of the structural material can be used to generate energy
internally, and in either case it is measured in joules or calories
(sometimes called "kilocalories" and on other rare occasions written
with a capital C to distinguish them from little 'c' calories).
Carbohydrates and proteins provide 17 k] approximately (4 kcal)
of energy per gram, while fats provide 37 KkJ (9 kcal) per gram.,
though the net energy from either depends on such factors as
absorption and digestive effort, which vary substantially from
instance to instance.

Vitamins, minerals, fiber, and water do not provide energy,
but are required for other reasons. A third class dietary material,
fiber (i.e., non-digestible material such as cellulose), seems also to
be required, for both mechanical and biochemical reasons, though
the exact reasons remain unclear.

Molecules of carbohydrates and fats consist of carbon,
hydrogen, and oxygen atoms. Carbohydrates range from simple
monosaccharides (glucose, fructose, galactose) to complex
polysaccharides (starch).

Fats are triglycerides, made of assorted fatty acid monomers
bound to glycerol backbone. Some fatty acids, but not all, are
essential in the diet: they cannot be synthesized in the body.
Protein molecules contain nitrogen atoms in addition to carbon,
oxygen, and hydrogen. The fundamental components of protein
are nitrogen-containing amino acids, some of which are essential
in the sense that humans cannot make them internally. Some of
the amino acids are convertible (with the expenditure of energy)
to glucose and can be used for energy production just as ordinary
glucose. By breaking down existing protein, some glucose can be
produced internally; the remaining amino acids are discarded,
primarily as urea in urine. This occurs normally only during
prolonged starvation.

Other micronutrients include antioxidants and phytochemicals
which are said to influence (or protect) some body systems. Their



