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Fish Anatomy
ANATOMY (Body, Function, and
Relation to Angling)
Size
Fish range widely in size. On the bantam side of the spectrum are tiny Philippine gobies less than half an inch long, the smallest of all animals with backbones. They are so diminutive that it takes literally thousands of them to
weigh a pound, yet they are harvested commercially for use in many foods.
At the behemoth end of the spectrum are giant whale sharks 65 to 70 feet
long. The largest whale sharks can weigh as much as 25 tons, but they
are so docile, they may allow inquisitive scientists to pull alongside them
with boats and then climb aboard to prod and poke as they give the big
plankton-eaters a close examination. Between these extremes are seemingly
limitless shapes and sizes among an estimated 21,000 species. This number
exceeds the combined numbers of species of all other vertebrate animals—
amphibians, reptiles, birds, and mammals.
Another giant of the sea is the mola, or ocean sunfish, which also goes by
the name of headfish because its fins are set far to the rear on its broad,
almost tailless body. The mola, which has the unusual habit of basking at the
surface, lying on its side as though dead, may weigh nearly a ton but is not
a quarry for anglers. Also in saltwater, such highly prized game species as
bluefin tuna, swordfish, and certain sharks and marlin reach weights of more
than a thousand pounds, with some shark and marlin specimens weighing
considerably more.

Form
The typical fish, such as the yellow perch, the largemouth bass, the striped
bass, and the grouper, has a compressed body that is flattened from side to
side. In others, the body is depressed from top to bottom, as in flounder,
rays, and other bottom-hugging types. Still others are spindle-shaped or
streamlined, like mackerel, tuna, and trout; and some, such as eels, have
elongated or snakelike bodies. All fish fit into one of these four categories,
but each form in turn may differ, with various adaptations in certain portions
of its anatomy.
These differences fit the fish for specific environments or particular ways
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Anatomy of a Perch
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of life. For example, the streamlined tuna is an open-ocean fish that moves
constantly, indulges in long migrations, and pursues fast-swimming schools
of smaller fish. Its bullet-shaped body is well adapted for such a life. On the
other hand, the flounder’s depressed body allows it to be completely undetectable as it lies flat on the sandy or muddy bottom, an adaptation that protects it from enemies, as well as allows it to grasp unsuspecting prey. Marlin,
sailfish, and swordfish are large fish with long snouts (bills) used as clubs to
stun prey or as swords in defense. Eels and cutlassfish have slim, snakelike
bodies, enabling them to negotiate seemingly inaccessible areas to hunt for
food or to escape enemies.

Anatomy of a Shark
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Scales
A typical fish’s body is covered with thin scales that overlap each other like
the shingles of a roof. They are prominent outgrowths of skin, or epidermis,
in which numerous glands secrete a protective coating of slime, often
referred to as mucus. The slime is a barrier to the entry of parasites, fungi,
and disease organisms that might infest the fish, and it seals in the fish’s body
fluids so that they are not diluted by the watery surroundings. The slime
reduces friction so that the fish slides through the water with a minimum of
resistance; it also makes the fish slippery when predators, including the
human variety, try to grab hold. Some fish, such as lampreys and hagfish,
give off copious amounts of slime.
As a fish grows, its scales increase in size but not in number. Lost scales
may be replaced, however. The ridges and the spaces on some types of
scales become records of age and growth rate. These can be read or counted
like the annual rings in the trunk of a tree to determine a fish’s age—the fish’s
growth slowing or stopping during winter when food is scarce and becoming much more rapid during the warm months when food is plentiful.
Experts in reading scales can tell when a fish first spawned and each spawning period thereafter. They can determine times of migration, periods of food
scarcity, illness, and similar facts about the fish’s life. The number of scales in

Fish Shapes

Anatomical differences among fish are most obvious in general body shape but also include
body and tail fins.
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Scale Types
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Cycloid scales have smooth rear margins, whereas ctenoid scales have comblike margins;
placoid scales, found on sharks, are toothlike. Scales generally are layered, overlapping in rows
like roof tiles.

a row along the lateral line can be used to identify closely related species,
particularly the young. Growth rings also occur in the vertebrae and in other
bones of the body, but to study these requires killing the fish. A few scales
can be removed without harm to the fish.

Coloration
The beautiful coloration of fish can be appreciated only when observing
them alive, for at death the brilliance and the intensity of color begin to fade
immediately. Unquestionably, many fish equal or surpass in appearance the
most spectacular colored bird or butterfly, and some of the blends and contrasts of body color are impossible to describe with justice.
The color in fish is primarily produced by skin pigments. Basic or background color is due to underlying tissues and body fluids. Iridescent colors
are present in the body scales, the eyes, and the abdominal linings of some
fish. The rainbowlike reflecting hues of certain kinds of fish are caused by skin
pigmentation fragmenting through the irregular ridges of transparent or
translucent scales.
All fish are not highly colored, however; the range extends widely from
fish with bright colors to species that are uniformly drab in brown, gray, and
even pitch black. In nearly all species, the shades and the acuteness of color
are adapted to the particular environment a fish inhabits.
14
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In oceanic fish, basic color may be separated into three kinds: silvery in
the upper-water zone, reddish in the middle depths, and violet or black in
the great depths. Those that swim primarily in the upper layers of ocean
water are typically dark blue or greenish-blue on the dorsal portions, grading to silvery sides and white bellies. Fish that live on the bottom, especially
those living close to rocks, reefs, and weedbeds, may be busily mottled or
striped. The degree of color concentration also varies, depending on the
character of the fish’s surroundings. For example, a striped bass caught from
a sandy area will be lighter in general coloration than one captured from
deeper water or from around dark rocks.
Most types of fish change color during the spawning season. In some
types of fish, the coloration intensifies perceptibly when the fish is excited by
prey or by predators. Dolphin, also known as mahimahi, a blue-water
angler’s delight, appear to be almost completely vivid blue when seen from
above in a darting school in calm waters. When a dolphin is brought aboard,
the unbelievably brilliant golden yellows, blues, and greens undulate and
flow magically along the dolphin’s body as it thrashes madly about. These
changes in shade and degree of color also take place when the dolphin is in
varying stages of excitement in the water.
A striped marlin or a blue marlin following a surface-trolled bait is a wondrous spectacle of color to observe. As it eyes its quarry from side to side and

The color exhibited by most fish is adapted to their particular environments, and a wide range
of colors exists, as is evident when comparing the brook trout (top), bonefish (middle), and
channel catfish (bottom).
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maneuvers into position to attack, the deep cobalt-blue dorsal fin and the
bronze-silver sides are at their zenith. This electrifying display of color is lost
almost immediately when the fish is boated.

Fins and Locomotion
Fish are propelled through the water by fins, body movement, or both. In
general, the main moving force is the caudal fin, or tail, and the area immediately adjacent to it, known as the caudal peduncle. In swimming, the fins
are put into action by muscles attached to the base of the fin spines and the
rays. Fish with fairly rigid bodies depend mostly on fin action for propulsion.
Eels, in contrast, rely on extreme, serpentlike body undulations to swim, with
fin movement assisting to a minor extent. Sailfish, marlin, and other biggame fish fold their fins into grooves (lessening water resistance) and rely
mainly on their large, rigid tails to go forward. Salmon and other species are
well adapted for sudden turns and short, fast moves. When water is expelled
suddenly over the gills in breathing, it acts like a jet stream and aids in a fast
start forward.
A fish can swim even if its fins are removed, though it generally has difficulty with direction and balance. In some kinds, however, the fins are highly
important in swimming. For example, the pectoral fins of a ray are broad
“wings” with which the fish sweeps through the water almost as gracefully
as a swallow does in the air. The sharks, which are close relatives of the rays,
swim swiftly in a straight line but have great difficulty in stopping or turning
because their fins have restricted movement.
Flyingfish glide above the surface of the water with their winglike pectoral
fins extended. Sometimes they get additional power surges by dipping their
tails into the water and vibrating them vigorously. This may enable flyingfish
to remain airborne for as long as a quarter of a mile. Needlefish and
halfbeaks skitter over the surface for long distances, the front halves of their
bodies held stiffly out of the water while their still-submerged tails wag
rapidly.

Caudal (Tail) Fin Types

Lampreys

Tuna
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Speed
Fisheries professionals are frequently asked how fast fish swim. This is a difficult question to answer precisely, because fish have a cruising speed, a maximum sustainable speed, and a top speed over relatively short distances.
Statistics for cruising (ordinary travel) speed have been taken mostly from
tagged fish released at one point and recaptured at another. For example,
some bluefin tuna tagged off Cat Cay, Bahamas, were recaptured in Norwegian waters. Two of these crossed the ocean in less than 3 months. Another
completed the trip in the remarkable time of 52 days. These facts indicate
that bluefins swim swiftly, but obviously, we do not know whether the recaptured specimens swam a direct course or indulged in detours. Also, ocean
currents can be a help or a hindrance.
Maximum sustainable speed, that is, the speed that a fish can maintain
for long periods, is almost impossible to judge unless measured experimentally on small fish by determining the length of time they can swim in
approximately the same spot when currents of the same velocity are flowing
by. Boats traveling alongside big-game fish have clocked their rate of speed.
The speed of a sailfish has been estimated to be as high as 100 yards per
3 seconds, or 68 miles per hour. All the speeds indicated by such experiments are approximate at best because many factors have to be considered,
including the size of the individual, the temperature of the water, the currents, the area of the mouth where the fish was hooked, the physical condition of the particular hooked fish, and so on.
All members of the tunalike fish, such as the bluefin tuna, the bonito, and
the albacore, are also extremely fast. Other species having a reputation for
great speed are marlin, wahoo, dolphin, and swordfish. Generally, speeds of
40 to 50 miles per hour are attributed to these fish.

Air Bladder
The air bladder, located between the stomach and the backbone, is also
known as the swim bladder, which is misleading because the air bladder has
no function in the movement or locomotion of fish in any direction. The mixture of gases that it contains is not normal air, so the correct name should be
“gas bladder.”
The air bladder is present in most bony fish; it does not appear in lampreys, hagfish, sharks, rays, or skates. The air bladder performs several functions. It may be well supplied with blood vessels, as it is in the tarpon, and
may act as a supplementary breathing organ. The tarpon has an open tube
that leads from the upper side of its gullet to the air bladder. (The tarpon also
has a set of gills.) Some species of fish use the air bladder as a compartment
in which to store air for breathing. The fish falls back on this reserve when its
usual supply of oxygen may be shut off. The air bladder plays a part in aiding equilibrium of density between the fish and the water. (It has no function
Fish Anatomy
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of adjustment of pressure to changing levels.) In other words, the volume of
water occupied by the fish should weigh about as much as the fish does. The
air bladder is a compensator between them. Saltwater flatfish are species
without an air bladder, and they dive to the bottom swiftly if they escape the
hook near the surface of the water. (A fish does not raise or lower itself by
increasing or decreasing the size of the air bladder.) It has also been definitely
established that the air bladder is an efficient hearing aid in many types of
fish. It is commonly known that the noises some fish make are produced by
the air bladder.

Skeleton and Muscles
A fish’s skeleton is composed of cartilage or bone. Basically, the skeleton provides a foundation for the body and the fins, encases and protects the brain
and the spinal cord, and serves as an attachment for muscles. It contains
three principal segments: skull, vertebral column, and fin skeleton.
The meat or flesh covering the fish’s muscular system is quite simple. All
vertebrates, including fish, have three major types of muscles: smooth (involuntary), cardiac (heart), and striated (skeletal). Functionally, there are two
kinds: voluntary and involuntary.
In fish, the smooth muscles are present in the digestive tract, the air bladder, the reproductive and excretory ducts, the eyes, and other organs. The
striated muscles run in irregular vertical bands, and various patterns are
found in different types of fish. These muscles compose the bulk of the body
and are functional in swimming by producing body undulations that propel
the fish forward. The muscle segments, called myomeres, are divided into an
upper and a lower half by a groove running along the midbody of the fish.
The myomeres can be easily seen if the skin is carefully removed from the
body or scraped away with a knife after cooking. These broad muscles are
the part of the fish that we eat. Striated muscles are also attached to the base
of the fin spines and rays, and they maneuver the fins in swimming.

Superficial Muscles

Cheek
muscles

Muscle
segments

Broad striated muscles make up the bulk of the body of a fish; they run in irregular vertical
bands and various patterns, and are functional in swimming.
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Teeth, Food, and Digestion
A tremendous diversity exists in the form and the size of fish teeth. The character of the dentition is a clue to the fish’s feeding habits and the kind of food
it consumes. Of all the fish, some sharks display the most awesome arrays of
teeth: profuse and well structured for grasping, tearing, and cutting. The
barracuda’s teeth are different from any shark’s, but they also draw attention
because of their ferocious appearance. They are flat, triangular, closely set,
and extremely sharp. Such teeth are ideally adapted for capturing live fish,
the barracuda’s main diet. Small victims are usually swallowed whole; the
larger ones may be cut in two and each piece swallowed separately. The
bluefish, well known for its ability to chop up a school of baitfish, has teeth
of a similar nature but smaller in size.
Some fish possess sharp, conical teeth (called canine, or dog, teeth).
Such teeth cannot cut but do a good job of grasping and piercing. Fish fortified with canine teeth generally hold a baitfish until its struggles diminish
before they swallow it.
The yellow perch, the sea bass, the catfish, and other species have multiple rows of numerous short and closely packed teeth that resemble the tips
of a stiff brush. Such an arrangement meets the fish’s need to grasp a variety
of food off the bottom or hold prey in a sandpaperlike grip until ready to be
eaten.
Some kinds of fish have sharp-edged cutting teeth called incisors located in
the forward part of their mouths; some are saw-edged, others resemble
human teeth, and still others are variously fused into parrotlike beaks. Some
bottom-dwelling fish, such as skates, rays, and drum, have molarlike teeth that
are well adapted for crunching crustaceans, mollusks, and other organisms.
Many fish have teeth in their throats. These pharyngeal teeth are sharp in
some species, molariform in others, and only remnants in still others. There
are fish that have teeth on the roofs of their mouths (vomerine and palatine)
and on the tongue. Some fish have teeth on the very edges of their mouths
(premaxillary and/or maxillary). And many planktonic feeders, such as the
menhaden, have no teeth at all; instead, their long gill rakers help in retaining the microscopic organisms they take into their mouths.
Fish are a tremendously diversified group of animals whose members feed
on an extensive variety of foods. Some, when mature, feed exclusively on
other fish; others feed entirely on plants. The sea lamprey, a parasitic, highly
unattractive eel-like fish, uses its funnel-shaped mouth, lined with radiating
rows of sharp teeth, to attach itself to the body of a live fish; then, using its
toothed tongue, it rasps a hole in its prey and sucks out blood and body
fluids.
Fish also differ in the way they feed. Predators entrap or cut their prey by
using their well-developed teeth. Grazers or browsers feed on the bottom.
Fish that feed on tiny organisms sifted from the water by using their long gill
rakers are known as strainers. Suckers and sturgeon have fleshy, distensible
Fish Anatomy
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lips well suited to suck food off the bottom and thus are suckers. Some lampreys depend on the blood and the fluids of other fish to live; they are categorized as parasites.
Generally, fish that live in a temperate zone, where seasons are well
defined, will eat much more during the warm months than they will during
the cold months. In this zone a fish’s metabolism slows down greatly during
winter. The body temperature of most fish changes with the surrounding
environment and is not constant, as it is in mammals and birds.
The digestive system of fish, as in all other vertebrates, dissolves food,
thereby facilitating absorption or assimilation. This system, or metabolic
process, is capable of removing some of the toxic properties that may be
present in foods on which fish feed.
The basic plan of the digestive tract in a typical fish differs in some
respects from that of other vertebrate animals. The tongue cannot move as
it does in higher vertebrates, and it does not possess striated muscles. The
esophagus, or gullet (between the throat and stomach), is highly distensible
and usually can accept any type or size food that the fish can fit into its
mouth. Although choking does happen, a fish rarely chokes to death
because of food taken into its mouth.
Fish stomachs differ in shape from group to group. The predators have
elongated stomachs. Those that are omnivorous generally have saclike stomachs. Sturgeon, gizzard shad, and mullet, among others, have stomachs with
heavily muscled walls used for grinding food, just as the gizzard of a chicken
does. Some of the bizarre deep-sea fish possess stomachs capable of huge
distention, thereby enabling them to hold relatively huge prey. On the other
hand, some fish have no stomachs; instead, they have accessory adaptations,
such as grinding teeth, that crush the food finely so that it is easily absorbed.
Intestinal structure also differs in fish. The predators have shortened intestines; meaty foods are more easily digested than plant foods. In contrast,
herbivores, or plant eaters, have long intestines, sometimes consisting of
many folds. Sharks and a few other fish have intestines that incorporate a spiral or coiled valve that aids in digestion. Lampreys and hagfish have no jaws
and do not have a well-defined stomach or curvature of the intestine. Lampreys need a simple digestive system because they are parasites that subsist
on the blood and juices they suck from other fish. During the long migration
from the sea upriver to spawn, the various species of salmon never feed.
Their digestive tracts shrink amazingly, allowing the reproductive organs to
fill up their abdomens.

Gills and Breathing
Like all other living things, fish need oxygen to survive. In humans, the organs
responsible for this function are the lungs. In fish, the gills perform the job.
However, in some scaleless fish, the exchange of gases takes place through
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the skin. In fish embryos, various tissues temporarily take up the job of breathing. Some fish are capable of obtaining oxygen directly from the air through
several adaptations, including modifications of the mouth cavity, the gills, the
intestine, and the air bladder.
Because a fish has no opening between its nostrils and mouth cavity as
humans do, it has to breathe through its mouth. When the fish opens its
mouth, a stream of water is drawn in. During this intake of water the gill
cover is held tight, thereby closing the gill opening. Then the fish closes its
mouth and drives the water over the gills and out the external openings by
using special throat muscles. Gill
rakers, located along the anterior
margin of the gill arch, strain
water that is passed over the
Rakers
gills. As the water passes over the
gills, the exchange of gases takes
place; that is, oxygen (which has
been absorbed from the air by
water exposed to it) is taken in
through the walls of the fine
blood vessels in the gill filaments, and carbon dioxide is
given off. The blood, well oxygenated, then travels through
Filaments
the fish’s body.
Different kinds of fish vary in
their oxygen demands. A few
This cutaway view shows the first gill arch
fish can breathe air. Air breathers
of a sunfish. The rakers, which strain the
use only about 5 percent of the
water, are on the left; the filaments, which
oxygen available to them with
transfer dissolved oxygen to the blood, are
each breath of air.
on the right.
Some fish, like lampreys, get
oxygen from water that is both taken in and expelled through the gill sacs.
Rays and skates usually have five paired external gill slits (rarely six or seven)
located on the bottom sides of their heads. Sharks also have the same number of gill slits, but these are located laterally (on the sides). In a shark, the
water used for respiration is taken in through the mouth and expelled
through the gill slits. Rays and skates, however, draw in water through the
spiracles located on the tops, or close to the tops, of their heads (an excellent adaptation for bottom-dwelling fish). The water flows over the gills and
out the gill slits located on the undersides of their heads.
The rapidity with which a fish breathes varies with different species. A
human in good health under normal circumstances breathes about 20 to 25
times a minute. Some types of fish have a breathing rate as low as 12 times
a minute, yet others take as many as 150 breaths per minute. If the fish is
Fish Anatomy
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exerting itself, or if the oxygen content of the water becomes low, the rate
of breathing will be faster, and the fish pants like a runner after finishing
the mile.

Blood Circulation
The circulatory system of a fish, which consists of the heart, the blood, and
the blood vessels, carries to every living cell in the body the oxygen and
nourishment required for living; it carries away from the cells the carbon
dioxide and other excretory products.
In function, the fish’s muscular heart is similar to that of other vertebrates,
acting as a pump to force the blood through the system of blood vessels. It
differs from the human heart in having only two, rather than four, compartments—one auricle and one ventricle.
The fish’s heart is located close behind the fish’s mouth. Blood vessels are
largest close to the heart and become progressively smaller, terminating in a
network of extremely fine capillaries that meander through the body tissues.
The blood of a fish, like blood in all vertebrates, is composed of plasma (fluid)
and blood cells (solid).
A fish’s circulatory system is much simpler than that of a human. In
humans, the blood is pumped from the heart into the lungs, where it is oxygenated; it then returns to the heart and receives a good thrust to travel
throughout the body. In contrast, fish blood passes from the heart to the gills
for purification and then travels directly to all other parts of the body.
Fish are often referred to as “cold-blooded” creatures, but this is not
entirely true. Some are “warm-blooded,” although they cannot sustain a
constant body temperature as humans do. Instead, the fish’s body temperature approximates that of its surrounding medium: water. Fish blood is
thicker than human blood and has low pressure because it is pumped by a
heart with only two chambers. Consequently, the flow of blood through
a fish’s body is slow. Because the blood flows slowly through the gills where
it takes on oxygen, and because water contains less oxygen than air, fish

Vascular System of a Fish
(arteries white, veins black)
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blood is not as rich in oxygen as is human blood. Also, because of the slow
flow of blood through the gills, the blood cools and approaches the temperature of the water surrounding the fish.

Senses and Nerves
A fish’s eyes are adapted or modified for underwater vision, but they are not
very different from human eyes. Fish do not have true eyelids. Human eyelids prevent the eyes from becoming dry and also protect against dirt. A fish’s
eyes are always covered by water; therefore, they require no lids.
The metallic-looking ring, called the iris, encircling the dark center, or
lens, of the fish’s eye cannot move as it does in the human eye. The human
iris can expand or contract, depending upon light conditions. Because light
never attains great intensity underwater, a fish needs no such adaptation.
The big difference between a human eye and the eye of a fish occurs in the
lens. In humans it is fairly flat or dishlike; in fish, it is spherical or globular.
Human eyes are capable of changing the curvature of the lens to focus at
varying distances—flatter for long-range focusing and more curved for
shorter range. Although the eye of a fish has a rigid lens and its curvature is
incapable of change, it can be moved toward or away from the retina (like
the focusing action of a camera).
Fish can distinguish colors. There are indications that some kinds of fish
prefer one color to another and also that water conditions may make one
color more easily distinguished than others.
Many kinds of fish have excellent vision at close range. Fish that live in the
dusky or dimly lit regions of the sea commonly have eyes that are comparatively larger than the eyes of any other animal with backbones. Fish that live
in the perpetual darkness of caves or other subterranean waters usually have
no eyes, but those inhabiting the deep sea, far below the depth to which
light rays can penetrate, may or may not have eyes. The reason that most
deep-sea fish have well-developed eyes is the prevalence of bioluminescence. Deep-sea squid, shrimp, and other creatures, as well as fish, are
equipped with light-producing organs. The light they produce is used to recognize enemies or to capture prey.
Many fish with poor vision have well-developed senses of smell, taste, and
touch. Improbable as it may seem, a fish does possess nostrils. Four nostrils
are located close to the top of the snout, one pair on each side. Each pair
opens into a small blind sac immediately below the skin. Water, carrying
odors, passes through the sacs, which are lined with the receptors of smell.
Some fish, including sharks, possess an extremely acute sense of smell.
Fish have taste organs located in the skin of their snouts, lips, mouths, and
throats. A fish’s tongue, unlike the human tongue, is flat, rigid, and cartilaginous and moves only when the base below it moves; nevertheless, it does
possess taste buds that indicate to the fish whether to accept or to reject anything taken into its mouth. There is a close relationship between the senses
Fish Anatomy
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Smell receptors are located in the nostrils, and water (carrying odors) is drawn into sacs that
are lined with the organs of smell. Olfactory nerves connect the nostrils and brain.

of smell and taste in fish, just as in humans. Many types of fish are first drawn
to food by its odor.
Although fish obviously do not possess outer ears as humans do, they are
still capable of hearing. A fish possesses only an inner ear, found in the
bones of the skull. In many fish, these ear bones are connected to their air
bladders. Vibrations are transmitted to the ear from the air bladder, which
acts as a sounding board.
The lateral-line system, a series of sensory cells usually running the length
of both sides of the fish’s body, performs an important function in receiving
low-frequency vibrations. Actually, it resembles a “hearing organ” of greater
sensitivity than human ears. The typical lateral line is a mucus-filled tube or
canal under the skin; it has contact with the outside world through pores in
the skin or through scales along the line or in-between them. A nerve situated at intervals alongside the canal sends out branches to it. In some cases,
the lateral line extends over the fish’s tail, and in many fish it continues onto
their heads and spreads into several branches along the outer bones of their
skulls, where it is not outwardly visible. The fish utilizes its lateral line to
determine the direction of currents of water and the presence of nearby
objects, as well as to sense vibrations. The lateral line helps the fish to determine water temperature and to find its way when traveling at night or
through murky waters. It also assists schooling fish in keeping together and
may help a fish to escape enemies.
Many fish are noisy creatures. They make rasping, squeaking, grunting,
and squealing noises. Some fish produce sounds by rubbing together special
extensions of the bones of their vertebrae. Others make noises by vibrating
muscles that are connected to their air bladders, which amplify the sounds.
Still other fish grind their teeth, their mouth cavities serving as sound boxes
to amplify the noises. Many fish make sounds when they are caught. Grunts
and croakers got their names from this habit.
Since fish have a nervous system and sense organs, it would appear that
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they could feel pain. The
fish’s brain is not highly
developed, however. There
is no cerebral cortex (the
part of the brain in higher
animals that stores impressions), and so the fish has
Lateral
little or no memory. It is
line
Otolith
not uncommon, for example, for an angler to hook
the same fish twice within
a short time. Many fish are
Hearing is accomplished primarily through nerves in
caught with lures or hooks
the lateral line but also through sound waves
already embedded in their
detected by the otolith.
jaws. Fish are essentially
creatures of reflex, rather
than of action produced or developed by using the brain. In all probability,
physical pain in fish is not very acute, and if any impression of pain is made
in the brain, it is quickly lost.

Reproduction
The fish, like most animals, begins life as an egg, and, as in all other vertebrates, the single-cell egg cannot develop unless it is fertilized by a sperm
produced by the male. Fish sperm is most commonly referred to as milt.
Eggs may be fertilized either externally or internally. External fertilization
takes place when the egg is penetrated by the sperm after the egg leaves the
female’s body. Most fish are reproduced by this system. Internal fertilization
occurs when the male introduces the sperm into the female’s body, where it
makes contact with and fertilizes the egg. Some sharks are ovoviviparous;
that is, the egg is fertilized internally and held within the female without
attachment to her until it is ready to be extruded alive. In other species, such
as some of the sharks and the sculpin, and the skate, the egg is penetrated
by the sperm inside the female’s body, but it does not hatch until some time
after being released from the female.
Reproduction and associated activities in fish are generally referred to as
spawning. The spawning season, or breeding period, is that time when the
eggs of the female and the milt, or sperm, of the male are ripe. This period
may last only a few days or it may extend into weeks and even months. Fish
that live in tropical waters of fairly constant temperature may spawn yearround.

Age and Growth
Although birds and mammals cease to grow after becoming fully mature,
fish continue to grow until they die, provided food is abundant. Growth is
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this scale indicate a fiveyear-old fish.

fastest during the first few years of life and continues at a decreasing rate. It
accelerates during warm-weather months when food is abundant. During
the cold months, fish do not feed much; their metabolism slows down, and
growth is retarded.
The age of fish that live in temperate climates can be determined fairly
accurately from various bony portions of their anatomy, because definite
changes in seasons cause annual marks to appear in the bone. These year
zones of growth are produced by the slowing down of the metabolism in the
winter and its rapid increase in the spring. In some species the annual ridges,
called annuli, are especially pronounced and easy to read in the scales and
cheekbones. In fish with tiny scales, these annuli are difficult to see, even
under a microscope. Spines, vertebrae, jawbones, and earbones have to be
studied to determine the fish’s age. In cross-section, these various bones may
show annual rings that appear similar to the rings in the cross-section of a
tree trunk.
In uniformly warm waters, such as the equatorial currents, fish demonstrate little, if any, seasonal fluctuation in growth, and age determination is
difficult.

Migration
Migration is the mass movement of fish (or any other animals) along a route
from one area to another at about the same time annually. This group travel
is induced basically by factors of food and spawning. At times, mass movement may take place for other reasons, but such travel should not be confused with migration. Sudden adverse conditions, such as pollution,
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excessive sedimentation, or water discoloration caused by unusually severe
storms, may force large groups of fish to leave the affected area.
The bluefin tuna, one of the largest of the oceanic fish, migrates about the
same time each year between the coasts of southern Florida and the
Bahamas, where it spawns, to waters off Nova Scotia, Prince Edward Island,
and Newfoundland. On reaching these far northern waters, the bluefin will
find and follow huge schools of herring, sardines, mackerel, or squid in the
same localities, year after year. If the temperature rises higher than usual, or
other water changes take place, the bait schools will depart from their customary haunts, and the bluefin will follow.
Inshore fish such as the shad and the striped bass may travel various distances along the coast before arriving in freshwater rivers or brackish
stretches that meet the requirements for their spawning activities. Some
species do not travel along a coast or migrate north and south; instead, they
move offshore into deeper water in cold weather and inshore during warm
weather. Others combine a north-south movement with an inshore-offshore
migration.
Members of the salmon family participate in what may be termed classical migration. Salmon migrate various distances to reach their spawning
sites, yet all have the same general life pattern. The eggs are hatched in shallow streams; the young spend their early lives in freshwater, grow to maturity in the ocean, and then return to the stream of their birth to spawn. The
length of time spent in freshwater and saltwater habitats varies among the
species and among populations of the same species.
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