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Ichthyology is the scientific study of fishes. An ichthyologist is a person who devotes a
career to studying some of the estimated 25,000 to 30,000 species of bony fishes,
sharks, rays, and lobe-finned fishes. Areas of specialty are as varied as the people who
call themselves ichthyologists, and may include study of classification, life history,
anatomy, behavior, ecology or physiology, and aquarium maintenance, fish breeding,
and conservation. What ichthyologists have in common is a fascination and enduring
curiosity about fishes, the dominant vertebrate animals in marine and fresh waters. In
addition to being the most species-rich group of vertebrates, fishes are often used as
experimental models for demonstration of basic biological principles.

Module 2 Ichthyology

Sunshine State Standards
SC.912.L.15.1, SC.912.L.15.6, SC. F‘ S H
912.L15.7, SC.912.L..15.13, SC.L.15.14,

$c.912.17.2, s¢.912.1.17.3, SC.912.L..17.7

'~’"-" < breathe vnderwater
2. 3771@ ) using 9ihs.
/;':?!"’ *have scales and fins.

Objectives o Cold-blooded.
{1 Define and understand what is 'l‘\_‘j e49s-
ichthyology
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1 Learn about Fish Classification
1 Learn how to use dichotomous keys to identify different fish




Vocabulary
Anadromous- fish live in the ocean mostly, and breed in fresh water.

Amphidromous- fish move between fresh and salt water during their life cycle, but not
to breed.

Catadromous- fish live in fresh water, and breed in the ocean.

Classification- Biological classification, or scientific classification in biology, is a
method by which biologists group and categorize organisms by biological type, such as
genus or species. Biological classification is a form of scientific taxonomy.

Diadromous- fish travel between salt and fresh water.

Fin- A fin is a surface used to produce lift and thrust or to steer while traveling in water,
air, or other fluid media. The first use of the word was for the limbs of fish, but has been
extended to include other animal limbs and man-made devices.

Fish- A fish is any aquatic vertebrate animal that is covered with scales, and equipped
with two sets of paired fins and several unpaired fins. Most fish are "cold-blooded", or
ectothermic, allowing their body temperatures to vary as ambient temperatures change.
Fish are abundant in most bodies of water. They can be found in nearly all aquatic
environments, from high mountain streams (e.g., char and gudgeon) to the abyssal and
even hadal depths of the deepest oceans (e.g., gulpers and anglerfish). At 31,500
species, fish exhibit greater species diversity than any other class of vertebrates.

Hermaphroditism- hermaphrodite is a plant or animal that has reproductive organs
normally associated with both male and female sexes.

Ichthyology- Ichthyology is the branch of zoology devoted to the study of fishes.
Oceanodromous- fish migrate within salt water only .

Operculum- The operculum of a bony fish is the hard bony flap covering and protecting
the gills. In most fish, the rear edge of the operculum roughly marks the division
between the head and the body.

Potamodromous- fish migrate within fresh water only .

Scales- is a small rigid plate that grows out of an animal's skin to provide protection.
Vertebrate- Vertebrates are members of the subphylum Vertebrata, chordates with

backbones and spinal columns. About 58,000 species of vertebrates have been
currently described.




Background

Ichthyology is the branch of zoology devoted to the study of fishes. This includes
skeletal fish (Osteichthyes), cartilaginous fish (Chondrichthyes), and jawless fish
(Agnatha). While a majority of species have probably been discovered and described,
approximately 250 new species are officially described by science each year. According
to FishBase, 31,500 species of fish had been described by January 2010. There are
more fish species than the combined total of all other vertebrates: mammals,
amphibians, reptiles and birds.

The practice of ichthyology is associated with marine biology, limnology and fisheries
science.

Ichthyology, a subset of zoology, is the study of fishes. Zoology is a branch of biology,
and ichthyology incorporates many elements of biology in its studies. When people refer
to the study of fishes, grammarians might note this as incorrect. It is correct because
multiple species of fish are referred to as fishes.

Modern ichthyology began in the 18th century, with the work of
Peter Andreti and Carl Linnaeus (picture on left). Together they
gathered all the previously written data on species of fishes and
set up a way to order fish by species, genus, family, and
kingdom. Today, about 30,000 known species of fishes are
classified according to this system. Ichthyology is a dynamic
field, with about 100-200 new discoveries of fishes each year.

Early interest in
ichthyology long Aristotle (384-322 B()

"W predates the 18th
century. Aristotle classified several hundred
species of fishes. Less formal ichthyology
was practiced by early hunter-gatherer
societies. Understanding where and when
certain fish were likely to be present
allowed for better food opportunities. Even
other animals informally practice
ichthyology. Grizzly bears have to know
when and where to catch salmon, which is
an important part of their diet.

Along with classification of fishes,
ichthyology also looks at the evolution of
fish species, behavior of fishes, and
environmental impact on specific species. Ichthyology is a companion to other fields like
ecology, marine biology, oceanography and climatology, since information about fish




anal fin

can lead to greater understanding of the environment or other species of plants and
animals.

The field of ichthyology is important, given the vast number of fish species on earth.
Since ichthyology assists other disciplines, it considerably adds to understanding of all
lifeforms on the planet, past and present. Gathered data about extinct or prehistoric fish
species may add to greater knowledge in evolutionary biology, and geography. Fish are
primary food sources for numerous birds and mammals, including people, which means
understanding their behavior, populations, and biological components, informs scientists
about the relationship between animals, fish and the environment.

Ichthyology experts may work in a variety of fields. They might work in natural history,
continuing to add to the sum of knowledge about fish. An ichthyologist may conduct field
studies on fish behavior or populations, supervise fisheries, study fish on a molecular

level, or focus on conservation studies. Courses in ichthyology bring ichthyologists to
teach at universities, and ichthyologists supervise most aquariums throughout the world.

Fish Biology

External Anatomy

You can tell a bony fish from a cartilaginous fish without looking at its skeleton. The way
the fish looks on the outside gives you many clues.
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Scales- Most fish have scales. In sharks the scales are called dermal denticles. They
are tiny tooth-like structures in the skin. They give the shark's skin a smooth
appearance that feels like sandpaper. Bony fish scales are made of bone and look like
the shingles on a roof.
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body and of its scales. protect the fish. A fish may have paired fins
(pectoral and pelvic fins), and unpaired fins
(anal, caudal, and dorsal fins). Some fish do not
have all of these fins, and their placement
shows great variability. The very flexible fins of
most bony fish have visible supporting rays and
spines. The skeletal supports of cartilaginous
Year 1 fish fins are not visible, and these fins are fairly
stiff.
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Fitch

Fins- fins give a fish control over its
movements by directing thrust, supplying lift

Roll and even acting as brakes. A fish must
control its pitch, yaw, and roll.

Caudal fin- provides thrust, and control the fishes direction

(Non-symimetrical
heterclcercdal)

(Syrmimetricd
homaocercd)

Burst swirmrmers Cruisers
-efficient for -efficient af high speed
Jocelerdfion

Pectorals- act mostly as rudders and hydroplanes to control yaw and pitch. Also act as
very important brakes by causing drag.

Pelvic fins- mostly controls pitch




Dorsal/anal- control roll

Gills- Oxygen enters the bloodstream at
the gills. The gills are feathery structures
found along the sides of the head. The
gills of a healthy fish are bright red due to
the large amount of blood present. In bony
fish the gills are usually covered by a bony
plate called an operculum. In sharks there
are five to seven gill slits on the sides of
the head which allow water to pass out of
the gill cavity.

How Do Fishes Breathe?

gills gill filaments

main blood
vessels

Thegills of a fish.

Whales and dolphins have lungs that store air from the surface. Fish don't have lungs,
and they rarely ever venture into the air, so how do they survive. We all know it has

something to do with gills, but what exactly.

The water surrounding a fish contains a small percentage of dissolved oxygen. In the
surface waters there can be about 5 ml. of oxygen per liter of water. This is much less
than the 210 ml. of oxygen per liter of air that we breath, so the fish must use a special
system for concentrating the oxygen in the water to meet their physiological needs.
Here it comes again, a counter current exchange system, similar to the one we found in
the fish's swim bladder and in the tuna's muscles.

The circulation of blood in fish is
simple. The heart only has two
chambers, in contrast to our heart
which has four. This is because
the fish heart only pumps blood in
one direction. The blood enters
the heart through a vein and exits
through a vein on its way to the
gills. In the gills, the blood picks
up oxygen from the surrounding
water and leaves the gills in
arteries, which go to the body.

=llentricle

The oxygen is used in the body

and goes back to the heart. A very simple closed-circle circulatory system.




The gills- the gills are composed of a gill arch (which gives the gill rigid support), gill
filaments (always paired), and secondary lamellae, (where gas exchange takes place).

Eyes- The eyes of most fish are well developed. Most -
sharks have pupils that dilate and constrict and they have " k ‘®
an eyelid that closes from the bottom upward. Bony fish

eyes lack both of these characteristics. _

superior

Mouth- Sharks' mouths are located on the underside of the ~
head. In bony fish the location of the mouth varies. o JP @

Mouths —

The location and size of the mouth can be a good indicator of the food a fish eats and
where it lives. Fish with large mouths generally eat large food items like another fish;
however, the whale shark eats very small organisms which it strains from the water with
its huge mouth. Fish with small mouths eat small food items: small crustaceans or
mollusks; and, fish with tiny mouths eat tiny things like zooplankton.

Terminal- A terminal mouth is located on the end of the head. Fish with
. terminal mouths may chase and capture things, like the tuna, or pick at
@ things, like the butterflyfish,

B Up-Pointing- A fish with an up-pointing mouth has a long lower jaw. The
— mouth opening is toward the top of the head. The tarpon has this kind of
— =’ mouth, It feeds near the surface.

Sub-Terminal- A sub-terminal mouth is on the underside of the head. Fish
with this type of mouth usually feed on the bottom. The bonefish has a
sub-terminal mouth.

Some fish have specialized mouths. The seahorse has a tiny mouth at the
end of a straw-like snout that is used to "slurp“zooplankton.



Body Shapes
Variation in body forms

Fish shape has a great bearing on ability to
move through the water. A tuna fish which
has a fusiform similar to a torpedo can cruise
through the water at very high speeds. The
attenuated shape of the eel allows it to
wiggle into small crevices where it hunts
prey. The depressed shape of the angler
fish is advantageous for its "sit and wait"
strategy of hunting. The compressed shape
found on many reef fishes such as the butter
fish gives the fish great agility for movement
around the reef and can support sudden
bursts of acceleration.

The way a fish looks is a good indicator of
how it "makes a living." Body shape, mouth
location and size, tail shape and color can
reveal a lot about a fish's lifestyle.

Fusiform- Fusiform, or streamlined, fish like the barracuda or
jack are capable of swimming very fast. They usually live in open

water.

Fusiform

side front
Altenuated
D
Depressed

(floftened-dorso ventraly)

i

Compressed
[flattened- side to side)

Laterally compressed- Fish that are laterally compressed (flattened from side to side)
o usually do not swim rapidly (some schooling fish are an exception).

r“ Uy rffr

However, they are exceptionally maneuverable. Many, like the
angelfish, are found near coral reefs. Their shape allows them to

m*«’\ move about in the cracks and crevices of the reef. A flounder is a
laterally compressed fish that lies on its side on the bottom. Both eyes

migrate to the left or right side early in development.

Depressed- Depressed fish (flattened from top to bottom), like

stingrays, live on the bottom.




Eel-like- Eel-like fish have a snake-like body shape. The electric
eel and moral eels are good examples of fish with this body

shape.

Others: Many fish like the boxfish and porcupinefish do not fit

into any of these categories. They are slow swimmers with special protective

mechanisms.

How Do Fishes Swim?

The density of water makes it
very difficult to move in, but
fish can move very smoothly
and quickly. A swimming fish
is relying on its skeleton for
framework, its muscles for
power, and its fins for thrust
and direction. The skeleton of
a fish is the most complex in T
all vertebrates. The skull acts

as a fulcrum, the relatively | <Qucal And
stable part of the fish. The fin in
vertebral column acts as levers
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that operate for the movement of the fish.

The muscles provide the power for swimming and constitute up to 80% of the fish itself.
The muscles are arranged in multiple directions (myomeres) that allow the fish to move

e

in any direction. A sinusoidal wave passes down
from the head to the tail. The fins provide a
platform to exert the thrust from the muscles onto
the water.

Diagram of forces when a fish swims.

9 Thrust- force in animal's direction

1 Lift- force opposite in right angles to the
thrust

1 Drag- force opposite the direction of
movement

1 * Al lift forces cancel out over one
complete tail stroke.

Reactive
force

j—
=
c
@
Increasing size of movement
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Drag

Drag is minimized by the streamlined shape of the fish and a special slime fishes
excrete from their skin that minimizes frictional drag and maintains laminar (smooth)
flow of water past the fish.

Frictional drag
--‘*
Pressure
dag Yortex drag

When Thrust > Drag, we have swimming!

Two swimming types in fishes
Defined by their method of living, and reflected in their physiology.

1 Cruisers: These are the fish that swim almost continuously in search for food,
such as the tuna. Red Muscle- richly vascularized (blood-carrying capacity), rich
in myoglobin (oxygen holder and transferor into the muscles active sites) * able
to sustain continuous aerobic movement.

1 Burst Swimmers: These fish usually stay relatively in the same place such as
most reef fish.

Tails
The shape of the Some Basic Fish Tail Shapes
tail can be an
indicator of how
fast a fish
usually swims.
Forked . Double
Emarginate Emarginate

ar
Crescent

R@F@

Truncate




Crescent-shaped- Fish with crescent-shaped tails, like swordfish, are fast
- Swimmers and constantly on the move.

Forked- Fish with forked tails, like the striped bass, are also fast swimmers,
though they may not swim fast all of the time. The deeper the fork, the faster
the fish can swim.

Rounded- Fish with a rounded or flattened tail are generally slow moving, but
are capable of short, accurate bursts of speed. The mummichog has a tail
with a rounded end.

Color

Red- Red is a common color in fish. You might think that red fish would be very easy for
a predator to find. However, most fish that have this coloration live in dark or deep
water, or are nocturnal (active at night). In deep water red light is filtered out quickly so
red is a good camouflage. At night red-colored objects appear gray. The squirrelfish has
this kind of coloration.

Countershading- Many fish are dark on top and light on the
bottom. Most of these fish are found in open ocean. When
seen from above they "disappear" by blending in with the
dark color of the depths or the bottom. From below the light
belly blends into the sky above. The tuna is countershaded.
Seabirds like puffins are also countershaded.

Disruptive Coloration- This is a form of camouflage. The
patterns and lines break up the outline of the fish or help it to
blend into the background. The brightly patterned fish of coral
reefs blend in with the corals despite their brilliant colors. The
moorish idol exhibits disruptive coloration.

Eye Spots- Eye spots are a form of mimicry. The eye spot, usually found near the talil,
draws attention away from the real eye which is a target that a predator might strike.
The eye spot may cause the predator to attack the wrong end and allow the fish to
escape alive.

Warning Coloration- Many fish use bright colors to "advertise" the
presence of poisonous spines or some other defensive mechanism.
The nave surgeonfish has two orange spots near the base of the
tail that advertise the presence of razor sharp spines.
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Camouflage- Many fish have colors or patterns that match their backgrounds. The
flounder is a camouflaged fish. It can even change color to match different
backgrounds.

Life Support Systems

Fish need oxygen to survive. Since they do not have lungs they get their oxygen with
gills. Oxygen in water passing across the membranes of the gills enters the fish's blood
by diffusion. The oxygen that fish "breathe" is dissolved in the water. It enters the water
at the surface by diffusion and as a byproduct of photosynthesis by aquatic plants.

Temperature and salinity are also important. Most fish are adapted to a narrow
temperature range. Rapid temperature changes may cause death. Most fish are also
restricted to a narrow range of salinity. Freshwater fish placed in salt water, or saltwater
fish placed in fresh water may die. Some fish are adapted for life in estuaries where the
salinity fluctuates and others, such as salmon or striped bass, are able to migrate
between salt and fresh water.

Swim Bladders

The Swim Bladder of a Carp
A swim bladder is a gas filled bag that sits Vot

in a fish's body cavity above its guts. The '
acquisition of a swim bladder, with the
neutral buoyancy it gives to it possessors,
was one of the crucial steps in the evolution
of modern fish, without it fish would most
surely be far less diverse, in terms of
number of species, and of the habitats they make use of, than they are today.

The earliest fishes, as well as modern cyclostomes, sharks and rays all live without a
swim bladder. To do this they either have to keep moving all day every day or live on, or
at least rest on the sea floor. This is because a fish is heavy than the water it lives in,
and it will sink if it stops swimming (unless it has a swim bladder). Freshwater has a
density of 1.0, saltwater has a density of 1.026 and a fish has a density of about 1.076
(this is an average figure), also bone is nearly twice as dense as cartilage (1.1 vs 2.0)
so before bony fish could become really successful nature had to solve the problem of
their density, swimming all the time is expensive in terms of energy, and resting on the
bottom is not always practical, especially in deeper waters. Furthermore, when you are
using your fins to generate lift, and thus stop your self from falling to the bottom of the
ocean, you can't be using them for anything else.

Thus the evolution of the swim bladder set fish free, they no longer had to keep moving
forwards in order to stay at the level they wanted, and they could now use their fins to
help them perform much more complicated manoeurvres, like staying still, swimming
very slowly, turning on the spot, swimming head down, or head up, or even backwards.
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Scientists believe that the swim bladder of modern fish evolved from a lung that early
bony fish possessed. Probably these fish lived in shallow tropical waters that had a low
oxygen content, and which even have dried up in the summer, or dryer season. The
possession of a lung allowed the fish to gain essential O2 from the air. When the
environment these fish lived in changed so that they no longer needed the lung to
breath nature slowly adapted it for its new role as a buoyancy organ.

Oxygen is much more plentiful in our air than it is in water, and even though the oxygen

content of the atmosphere
Transverse Section of a Teleost Fish Body | has varied over the millenia
this was also the situation
when these fish were first
evolving. On average, in our
modern atmosphere, there
are about 210 cubic

Heural
Spine

Centrum of . )
Vertehra centimetres of O2 in one
uscle litre of air, as compared with
Transverse 10 cubic centimetres in one
Process

litre of water (keeping in
mind that this is an average

Rib Coelom figure, the amount of
oxygen water holds s
dependant on its

temperature and its surface
area to volume ratio, cold

water holds more oxygen
than warm water, and white water, because of its greater surface area to volume ration
holds more oxygen than blue water). The microfauna/flora living in the water also play a
role in regulating the O2 level of a body of water.

We human beings, and some ancient lineages of fish, such as the lungfish of South
America and Africa possess a ventral lung, and scientists believe that this was the
original position of the lung. However, for swimming fish, in comparison to fish which
live on the bottom of a pond, a ventral lung is a problem in that it makes the fish top
heavy and liable to flip belly up. Consider the problems you have trying to sit on top of a
beach ball in the sea rather than merely hanging beneath it. Moving the lung, or swim
bladder, to the most dorsal position possible made life much easier for fish and that is
why in modern fish the guts always rest below the swim bladder in a fish's body cavity,
nevertheless they are still a little top heavy which is why they sometimes float upside
down when they are dead.

The swim bladder of modern fish is an ellipsoidal, gas-filled sac that arises as an
extension of the gut. In many species of fish the swim bladder remains connected to the
gut and the fish can use this connection to control the amount of gas in the swim
bladder, this is called the 'Physostomous' condition. These sorts fish mostly live in
shallow waters and swallow air at the surface of the water, this air is then passed into
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the guts and then forced into the swim bladder. In some Physostomous fish the swim
bladder is constricted near the middle to make it look like two sacs, however gas freely
passes from one section to the other. In other species the connection with the gut is
closed and no gas can be moved from the gut to the swim bladder, this is called the
'Physoclistous' condition. These fish are able to control the amount gas in their swim
bladders by means of one or more areas where the membrane is very thin and richly
supplied with capillaries, gas exchange is through the capillaries and the membrane.
The capillaries are both arterial and venous and they are arranged in a counter-current
system to facilitate the creation of high gas pressures within the swim bladder. These
areas are known as 'rete mirabile', some physostomous species also possess one or
more rete mirabile.

As sea water is more
A Physostomous Swim Bladder dense than freshwater,
see above, the swim
bladders of marine fish
are smaller than those
of fresh waters. On
average the swim
bladder of a marine
fish comprises 5% of
its volume, whereas
the swim bladder of a
freshwater species will make up about 7% of its volume. The gases fish use to inflate
their swim bladders are those of the air around us N2, O2 and CO2, however the
proportions are not the same as in the atmosphere and vary between different species
of fish. Thus some deep-water marine fish species have up to 84% O2 in their swim
bladder while some deep-water freshwater species can have up to 94% N2 in theirs.

Pneumatic duct

The ability to control the pressure within the swim bladder is essential to fish, the
buoyancy their swim bladder gives them allows them to remain at a certain depth in the
water without effort. However because any given pressure of gas in their swim bladder
is only neutrally buoyant for one specific depth if they change their depth they have to
change the pressure in their swim bladder. The pressure exerted by the water on a fish
increases by one atmosphere (14.7 psi) for every ten metres of depth, this means that
while the pressure a fish experiences is latmosphere at the surface, it is doubled to 2
atmospheres just ten metres down, and doubled again to 4 atmospheres at 30 metres
down. This increase in pressure compresses the gas in the fish's swim bladder so that
at 10 metres it is only half as big as it was at the surface, and at 30 metres it is only one
guarter as big. Therefore to maintain neutral buoyancy a fish must have twice as much
gas in its swim bladder at ten metres depth as it has at the surface, and four times as
much at 30 metres and so on.

This is why physostomous fish give of bubbles as they come to the surface and take a

gulp of air before they dive down again. Obviously a fish rising from a depth of 30
metres needs to loose gas pressure quickly if it desires to maintain neutral buoyancy, if
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it does not it risks having its swim bladder greatly enlarged as the pressure is reduced.
This is why some fish, caught at a depth and brought quickly to the surface have their
swim bladder expanded to fill their throat and sometimes even extending beyond the
mouth.

*Fish that migrate vertically tend to have high oxygen levels in their bladders because it
fills in faster and leaves faster.

*Fish that maintain a stable depth tend to have more nitrogen because it is inert, enters
slowly, and exits slowly.

Senses

Fish have a number of senses that help them survive in their environments. Humans
share some of them, but others are found only in fish.

Sight- Most fish have well developed eyes which are located on the side of the head.
This positioning allows the fish to see in every direction. Fish that are colorful probably
have color vision. Nocturnal fish have large eyes that help them see in the low light.

Smell and Taste- Fish can smell things in the water with two blind sacs called nares.
Nares are similar to our nostrils, except fish cannot breathe through their nares. A fish
can taste with taste buds in the lining of its mouth and gills. Some fish have feelers, like
the "whiskers" on a catfish, called barbels, which are covered with taste buds.

Hearing- Fish have ears but you cannot see them. Their inner ears are well developed
and pick up sound waves in the water through the fish's body.

Lateral Line- The lateral line system helps the fish feel movements in the water. The
line, actually a row of tiny holes in the skin, begins behind the gill cover and runs along
the side of the body to the tail. Tiny hairs in the lateral line system are sensitive to
vibrations. This system helps fish swim in schools, avoid predators and find food.

Electricity- Some bony fish and sharks have special
pores on the head that allow them to detect electrical
currents. This sense aids them in navigating or
finding prey in dark or muddy water.

How Do Fishes Sense?

Successful survival in any environment depends
upon an organism's ability to acquire information
from its environment through its senses. Fish have
many of the same senses that we have, they can
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see, smell, touch, feel, and taste, and they have developed some senses that we don't
have, such as electroreception. Fish can sense light, chemicals, vibrations and
electricity.

Light- photoreception [Vision]. Fish have a very keen sense of vision, which helps them
to find food, shelter, mates, and avoid predators. Fish vision is on par with our own
vision; many can see in color, and some can see in extremely dim light.

Fish eyes are different from our own. Their lenses are perfectly spherical, which enables
them to see underwater because it has a higher refractive index to help them focus.
They focus by moving the lens in and out instead of stretching it like we do. They cannot
dilate or contract their pupils because the lens bulges through the iris. As the depth at
which fish are found increases, the resident fish's eye sizes increase in order to gather
the dimmer light. This process continues until the end of the photic zone, where eye
size drops off as their is no light to see with. Nocturnal fish tend to have larger eyes then
diurnal fish. Just look at a squirrelfish, and you will see this to be so. Some fish have a
special eye structure known as the Tapetum lucidum, which amplifies the incoming light.
It is a layer of guanine crystals which glow at night. Photons which pass the retina get
bounced back to be detected again. If the photons are still not absorbed, they are
reflected back out of the eye. On a night dive, you may see these reflections as you
shine your light around!

Chemicals- chemoreception [Smell and Taste]. Chemoreception is very well developed
in the fishes, especially the sharks and eels which rely upon this to detect their prey.
Fish have two nostrils on each side of their head, and there is no connection between
the nostrils and the throat. The olfactory rosette is the organ that detects the chemicals.
The size of the rosette is proportional to the fish's ability to smell. Some fish (such as
sharks, rays, eels, and salmon) can detect chemical levels as low as 1 part per billion.

Fish also have the ability to taste. They have taste buds on their lips, tongue, and all
over their mouths. Some fish, such as the goatfish or catfish, have barbels, which are
whiskers that have taste structures. Goatfish can be seen digging through the sand with
their barbels looking for invertebrate worms to eat and can taste them before they even
reach their mouths.

Vibrations- mechanoreception [Hearing and touch]. Have you ever seen a fish's ear.
Probably not, but they do have them, located within their bodies as well as a lateral line
system that actually lets them feel their surroundings.

Fish do not have external ears, but sound vibrations readily transmit from the water
through the fish's body to its internal ears. The ears are divided into two sections, an
upper section (pars superior) and a lower section (utriculus) The pars superior is divided
into three semicircular canals and give the fish its sense of balance. It is fluid-filled with
sensory hairs. The sensory hairs detect the rotational acceleration of the fluid. The
canals are arranged so that one gives yaw, another pitch, and the last- roll. The
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utriculus gives the fish its ability to hear. It has two large otoliths which vibrate with the
sound and stimulate surrounding hair cells.

Fish posses
Superficial Neuromast Canal Neuromast another sense
of

) \ ) \ mechanorecep

tion that is kind
e R of like a cross
Protection between
*High pass filter | hearing and
«Amplification touch. The
organ
responsible for
this is the
neuromast, a
cluster of hair
cells which have
| their hairs linked
in a glob of jelly
known as
‘cupala’. All fish
posses free
neuromasts,
which come in contact directly with the water. Most fish have a series of neuromasts not
in direct contact with the water. These are arranged linearly and form the fishes lateral
lines. A free neuromast gives the fish directional input.

»”-

Hair Cells

A lateral line receives signals stimulated in a sequence, and gives the fish much more
information (feeling the other fish around it for polarized schooling, and short-range prey
detection 'the sense of distant touch").

Electricity- electroreception. Sharks and rays posses special organs for detecting
electrical potential [voltage]. A set of pits comprise the electroreceptive system called
the ampullae of Lorenzini. These are canals in the skin filled with a gelatin-like material
that also contain sensory cells. Movements or disturbances near the shark change the
voltage drop along the canals, which allows the shark to sense other organisms nearby.
These sensors are so sensitive that if there were not any other distortions a shark could
detect the heartbeat of a fish 500 miles away! They can detect muscular contractions of
struggling prey and even the earth's magnetic field (which sharks use for navigation).

18



Fish Thermal Strategies

In general, fishes are cold blooded. They derive their body heat from their environment
and conform to its temperature. As water has a high heat capacity, it is able to easily
suck any excess heat out of a fish and into the environment.

M Ectothermic- fish derive their heat from the environment
M Poikilothermic- fish conform to the heat in the environment

Some large, fast-swimming fish are not ectothermic. The tunas and mackerel sharks
can actually have core body temperatures ten to twenty degrees Celsius higher that the
surrounding water. They are endothermic and derive their body heat from their
metabolism, but they are still ploikiothermic; their body temperature may be higher than
the surrounding water, but they still conform to the temperature of the water, just 10-20
degrees above it.

They maintain a higher body temperature through the use of a specialized counter-
current heat exchanger called a reta mirabile. These are dense capillary beds within the
swimming muscle that run next to the veins leaving the muscles. Blood passes through
the veins and arteries in a counter current (opposite) direction. The heat produced from
the muscle contraction flows from the exiting veins into the incoming arteries and is
recycled.

Why should they bother having an elevated body temperature? To increase the speed
of the fish. The higher the body temperature, the greater the muscular power. Thirty
degrees Celsius is the optimum temperature for muscular speed. With increased speed,
the tuna can capture the slower, cold blooded fish it prey upon. Tuna have been clocked
at record speed of 50-70 mph!

Fish Behavior

Behavior is the action of a fish in response to its environment including other animals.
The most interesting and sometimes the most obvious behaviors involve interactions
with other fish.

Migration- Many species of fish migrate during their life cycle. Salmon and some
species of eel make long migrations to spawn. This reduces competition for food and
space between adults and young fish. Other fish migrate to escape cold temperatures
or to find food.

Schooling- Many fish gather in groups called schools. A school is a group of fish of the
same size and species moving in the same direction. Schooling may increase the
chances of finding food, avoiding predators and finding a mate. It may also make
swimming easier. Sight is important in keeping the school together. The lateral line may
also help.
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Aggression- Aggressive behavior is an interaction between two fish of the same
species or different species. It is usually associated with reproduction and defense of
feeding territory. It includes posturing, direct attacks and ritualistic displays such as fin
flaring and changes of color. During the breeding season some fish protect spawning
territories.

Resting- Fish don't sleep like people, but some fish spend a good portion of their day or
night resting. Coral reef fish that are active during the day spend the night in caves and
crevices that nocturnal (night active) fish hide in during the day. This may reduce
competition, conserve energy and keep the fish safe from predators.

Communication- Fish communicate with one another in many ways. Senses play a
part in communication. Visual communication is important to most fish. Body
movements, postures, colors, color patterns and light are the primary means of visual
communication. Sound is also used for communication. Sounds are produced by
grinding teeth, rubbing body parts together and with the swim bladder, an air sac inside
the body used to regulate buoyancy. Drum, croakers and toadfish get their names from
the sounds they produce with their swim bladders. Fish also communicate by producing
chemicals called pheromones that other fish can smell. A few fish
that live in very muddy water where visual communication is
impossible use electricity to communicate.

Cleaning- Some fish are cleaners. They pick parasites from other
fish. Cleaning fish, such as wrasses, are brightly colored or
patterned. They establish cleaning stations that other fish approach
in order to be cleaned. Look for fish in a funny position or holding
their fins out. They are signaling that they are ready to be cleaned.

Many of these behaviors can be observed during an Aquarium visit. Such behaviors
indicate that the Husbandry staff has been successful in duplicating the fishes'
environments.

Fish Schooling

Everyone has heard of a
school of fish, an aggregation
of fish hanging out together;
but why, they are obviously
not learning reading, writing,
and arithmetic. Schools of fish
may be either polarized (with
all the fish facing the same
direction) or non polarized (all
going every which way)

There are some factors that
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can make it advantageous to hang out with other fish.

Antipredator- by hanging out with other fish, each individual fish may gain an
advantage in not being eaten by other fish.

A. Confusion effect- A large school of fish may be able to confuse a potential
predator into thinking that the school is actually a much larger organism.

B. Dilution affect- If a fish hangs out with a lot of other fish and a predator does
come around, the predator must usually select one prey item. With so many
choices, the chances are that it will not be you. This is known as the 'selfish
herd'.

C. Predator detection- A bunch of fish has many times the eyes and other senses
than a solitary fish; so a school of fish may be better at detecting predators. But a
school may also attract predators due to its large size.

Spawning Aggregation- Many fish species form schools only when it comes time to
mate. They will form a huge school and release their eggs and sperm in mass
guantities. Releasing a massive onslaught of fertilized eggs in the water may be
advantages over a solitary egg, because a massive onslaught may be enough to
overwhelm the egg predators. The predators will eat as many as they can, but some
eggs will inevitably survive.

Enhanced Foraging- A school of fish may have better abilities to acquire food. With
many more eyes to detect food, many more meals may be found; but there would also
be many more mouths to feed. By working as a team, the school may be able to take
larger food items than any one individual could manage to capture.

Migration- The migration abilities of fish in schools may possibly be enhanced due to
better navigation, etc. Hydrodynamic efficiency: Due to the complex hydrodynamic
properties of water (properties the fish probably discovered only by accident), a fish may
gain a swimming advantage by being in a school. The slipstream from the fish ahead of
it may make it easier to pass through the water. Good for all the fish except for the ones
in front.

21



Fish Reproduction

Fish have come up with three modes
of reproduction depending on the
method they care for their eggs.

Modes of Reproduction

1 Ovopartity- Lay undeveloped
eggs, External fertilization
(90% of bony fish), Internal
fertilization (some sharks and

rays)

1 Ovoviviparity- Internal
development- without direct
maternal nourishment-

Advanced at birth (most sharks
+ rays)-Larval birth (some
scorpeaniforms-rockfish)

1 Viviparity- Internal
development- direct
nourishment from mother-Fully =
advanced at birth (some sharks, surf perches)

In fishes, oviparity is most common; the eggs
are inexpensive to produce, and as eggs are
in the water, they do not dry out (oxygen,
nutrients are not scarce). The adult can
produce many offspring, which they
broadcast into the plankton column. When the
offspring settle out of the plankton, they may
be in totally new environments, allowing for a
great area in which the young may survive.
This mode also comes with its disadvantages;
when born, the fish must first go through a
larval stage for growth before they transform
into the adult stage. In this larval stage, they
must fend for themselves in obtaining food
and avoiding predation. They may not find a
suitable environment when they settle out of
the plankton column. The survival of |
individual eggs is very low, so millions of eggs
must be produced in order for the parent to
successfully produce offspring. The other
modes have their advantages, the eggs are ' : R
much less prone to predation when carried within the mother, and the young are born
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fully advanced and ready to deal with the environment as miniature adults. These
advantages come with a price-tag also; the adult must supply nutrients to its offspring
and can only produce a few eggs at a time. The young are limited to the environment
that their parents were in, and if this environment is deteriorating, they are stuck with it.

Parental care- In fishes, parental care is very rare as most fish are broadcast
spawners, but there are a few instances of parental care. Male gobies guard the eggs in
a nest until they are born. The male yellowhead jawfish actually guards the eggs by
holding them in his mouth!

Some fish are very kinky creatures by human standards, displaying behavior that would
probably get a human incarcerated for a long time.

Hermaphroditic Fish

Hermaphroditism- Some fish individuals are both males and females, either
simultaneously or sequentially. There is no genetic or physical reason why
hermaphroditism should not be present. About 21 families of fish are hermaphrodites.

Simultaneous hermaphrodite- There are some instances where being a member of
both sexes could have its advantages. Imagine all the dates that you could have! In the
deep sea, the low light levels and limited food supply make for a very low population
density; meaning that potential mates are few and far between. Members of the fish
family Salmoniformes (eg salmon) and Serranidae (hamlets) are simultaneous
hermaphrodites; they can spawn with any individual encountered.

Sequential hermaphrodite: Very strange life histories develop in species whose
individuals may change sex at some time in their life. They may change from being
males to females (protandry) or females to males (protogyny).

An example of protandry is found in the anemonefishes. The fishes live with anemones
in a symbiotic relationship; the anemone provide the fish with shelter and protection
from predation, and the fish supply the anemone with food. Groups of fishes will live
with one anemone, and will not switch anemones. Only the two largest will mate; the
largest female and the second largest, the male. With the female being the largest, she
can produce the most eggs. When the female dies, the largest male will change sexes
and become the female. The rest of the fish are immature males.
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A classic
example of
protogyny 5
found in the
wrasses and
parrotfishes.
The males in
these species
form harems,
: with one large
- male
sequestering
) and defending
a group of
smaller
females. The
male enjoys
spectacular
reproductive
success, as it
has many females to mate with. The females also enjoy a limited reproductive success,
producing as many eggs as they can, all fertilized by the one male. The male has the
advantage over the females; it has many females producing eggs for him to fertilize,
whereas the females only have themselves.
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Blood Flow, Counter Current Exchanger

The blood flows thorough the gill flaments and secondary lamellae in the opposite
direction from the water passing the gills. This is very important for getting all of the
available oxygen out of the water and into the blood. If the blood flowed in the same
direction as the water passing it, then the blood would only be able to get half of the
available oxygen from the water. The blood and water would reach an equilibrium in
oxygen content and diffusion would no longer take place. By having the blood flow in
the opposite direction, the gradient is always such that the water has more available
oxygen than the blood, and oxygen diffusion continues to take place after the blood has
acquired more than 50% of the water's oxygen content. The countercurrent exchange
system gives fish an 80-90% efficiency in acquiring oxygen. When fish are taken out of

Double Pump System: An elaborate system of passing water over the gills

while the fish stays stationary. There is no moment throughout the cycle when
the water stops flowing.
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the water, they suffocate. This is not because they cannot breathe the oxygen available
in the air, but because their gill arches collapse and there is not enough surface area for
diffusion to take place. There are actually some fish that can survive out of the water,
such as the walking catfish (which have modified lamellae allowing them to breathe air.
It is possible for a fish to suffocate in the water. This could happen when the oxygen in
the water has been used up by another biotic source such as bacteria decomposing a
red tide.
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How do fish ventilate their gills? Fish must pass new water over their gills continuously
to keep a supply of oxygenated water available for diffusion. Fishes use two different
methods for keeping a continuous supply of new water available, one is very simple and

the other complex.

Ram Ventilation-
Swim  through the
water and open your
mouth. Very simple,
but the fish must swim
continuously in order

to breathe, not so
simple.

Fish
Classification
There are a few
problems with the

classification of fish,

Higher Classification of the Phylum Chordata

Phylum
Chordata Urochordata

Subphylum

Superclass

Chordata Cephalochordata ---

Chordata Vertebrata
Chordata Vertebrata
Chordata Vertebrata
Chordata Veriebrata
Chordata Vertebrata
Chordata Vertebrata
Chordata Vertebrata
Chordata Vertebrata

Class Common Name
- Tunicates
- Lancelets

Myzini

Hagfish (Fish)
Cephalspidomorphi Lampreys (Fish)
Chondrichihves Sharks and Rays etc. (Fish)

QOsteichihves Trout and Salmon etc. (Fish)

Amphibia Amphibians

Reptilia Snakes. Turtles etc.
Aves Birds

Mammalia Cats, Cows and People

the first of which is the question 'What is a fish'? We all use the term Fish regularly but
the term fish is not a natural group of animals in the way the terms Reptiles or Birds are.

Class Myxin| .

Hagfishes ’

Class Petromyzontida .

Lampreys -

Class Chondrichthyes -

Cartilaginous Fishes '

Class Actinopteryaqii 2

Ray-finned Fishes 2

Class Sarcopteryagii a

Lobe-finned Fishes -

Class Amphibia "

Amphibians

Class Mammalia

Al
Mammals

Class Reptilia =

Reptiles

Class Chelonia s

L)
Turtles

Class Eusuchia
J

Crocodilians

Class Aves

1
Birds

Livepistrin

When scientists arrange living
things into  groups for
classification they try to make
the classification system they

use represent the actual
relationships between those
living things. The more

categories that two organisms
share the more closely they
are related.

All living things are divided up
into a series of classifications
delineated as:- Kingdom,
Phylum, Class, Order, Family,
Genus and species. You can
also have Super and Sub
attached to each group so that
a Superclass can contain
several Classes each of which

itself contains several
Subclasses, Subclasses then
contain  Superorders  which
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contain Orders etc. So you see we can end up with a lot of different terms, which is
good because there are a lot of living things.

The term 'Fish' does not fit into any of these categories. This is because it is a general
term not a scientific one. We all know that a Trout or a Salmon is a fish, however some
of the animals we commonly call fish are not much more closely related to Salmon and
Trout than they are to Dogs and Cats. The term fish is actually used to describe any
animal that is part of the Subphylum Vertebrata but is not a member of the Classes
Amphibia, Reptilia, Aves (Birds) or Mammalia. The Subphylum Vertebrata contains two
Superclasses, Agnatha and Gnathostomata. The Superclass Agnatha contains only two
Classes of animals both of which come under the general term of fish. The superclass
Gnathostomata contains six Classes of animals two of which are also included in the
general term of fish.

Modern fish are divided into three classes.
I. AGNATHA- primitive jawless fish.Lampreys and Hagfish

[Il. CHONDRICHTHYES- the jawed fish with cartilaginous skeletons. Sharks, Rays, Rat-
Fishes

lll. OSTEICHTHYES- fish with bony skeletons;.Lungfish, Trout, Bass, Salmon, Perch,
Parrot Fish

Fish come in all shapes and sizes, some are free swimming, while others rest on the
bottom of the sea, some are herbivores and others are carnivores, and some lay eggs
while others give live birth and parental care to their young.

FISHES- class
v 8 égr? athfa the cl
ish o e class
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| Nonslsde | Acbabde | Eibibeterma : i i X
"',““l O.;‘I. .\%* | Animals with P nal chords the fishes; they lack a
@ s \_». o= jaw and a bony

skeleton. The hagfish
and the lamprey are
the only living

| i 1

A natha! Osteith {‘es ChonJrk{hJ‘fs
(Boyrli

Mommollo

A Vi ()

Y

| )éj%}"

representatives of this
once large class. As
they lack true bones,
these fish are very
flexible, the hagfish
can actually tie itself in
a knot to rid itself of a
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noxious slime it can produce to deter predators. They have a smooth, scale less skin
and are soft to the touch. In place of the jaws is an oral sucker in the center of which is
the mouth cavity. Many of the agnathas are highly predatory, attaching to other fish by
their sucker like mouths, and rasping through the skin into the viscera of their hosts. The
juvenile lamprey feeds by sucking up mud containing micro-organisms and organic
debris - as did the primitive agnatha. Agnathas are found in both fresh and salt water
and some are anadromous [living in both fresh and salt water at different times in its life
cycle]. The hagfish has no eyes, while the lamprey has well-developed eyes.

Characteristics- agnatha

Primitive

No jaws

Cartilaginous skeleton

Scaleless skin

Oral sucker in place of jaws

Predators and filter feeders
anticoagulating saliva

fresh and salt water

some anadromous (fish live in the
ocean mostly, and breed in fresh
water)

= =4 =4 _-48_-9_5_45_°9._-2°

Souatinifommes
Flat body, ray-liks

MNa anal fin Pristipphoriformes

Body not ray-like
Srpaaliformes

Shart snout

Hexanchiformes

Carcharhiniformes
Hictitating eyelids -

front of oy Lamnifonnes
Mo nictitating
ayelids

anal fln
Mo fin spines

Oracholobiformnes

2 dorsal fins, .
Mouth in front of eyes

5 gill glits

Haterrclorbiformes

Dorsal fin spincs

Elangatad snaut e R

1 ¢lgrsal fin, i T —
& ar 7 gill slits . e,

Mouth behind %

2 Bfyc Piodecior, Jns

FISHES- class

Chondrichthyes
Members of the class
Chondrichthyes
("cartilage-fish")
include the sharks,
skates, rays, and
ratfish. These fish
have a cartilaginous
skeleton, but their
ancestors were bony
animals. These were
the first fish to exhibit
paired fins.
Chondrichthyes  lack
swim bladders, have
spiral valve intestines,
exhibit internal
fertilization, and
posses 5-7 gill arches
(most have 5). They
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have cartilaginous upper and loosely attached lower jaws with a significant array of
teeth. Their skin is covered with teethlike denticles which gives it the texture and
abrasive quality of sandpaper.

Characteristics- Chondrichthyes
9 Cartilaginous
skeleton
1 Skin covered
with
denticles, not
scales
1 Five to seven
gill slits per
side
T No swim
bladder
1 Internal
fertilization
1 Spiral valve
intestines
Five to seven gill arches

1
1 Cartilaginous jaws, loosely attached lower jaws

FISHES-
Chondrichthyes,
Sharks

Sharks are animals that
are superbly adapted to
their environment.
Almost all are carnivores
or scavengers, although
the species that live
close to the sea floor
feed mostly on
invertebrates. Most
possess a keen sense of
smell, a large brain, good
eyesight, and highly
specialized mouth and

teeth. Their bodies are
usually heavier than water, and they do not have an air filled swim bladder for buoyancy
like most bony fishes. All sharks have an asymmetric tail fin, with the upper lobe being
larger than the lower one. This feature, together with flattened pectoral fins, and an oil-
filled liver compensates for the lack of a swim bladder. There are 344 known species of
sharks living in all parts of the oceans, from shallow to deep water and from the tropics
to the polar regions. A few even venture into fresh water and have been found in rivers
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