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Key Concepts

Applications

List typical characteristics of animals.

•
•

Distinguish animals from other kinds of organisms.
Recognize that there are a wide variety of kinds of animals.

Understand the nature of the different body plans of animals.

•
•

Appreciate that some plans are only suitable for aquatic habitats.
Understand the role of a skeleton.

Understand the evolutionary history of the animal kingdom.

•
•

Understand that primitive animals are primarily marine.
Recognize that aquatic organisms can reproduce by external
fertilization.
Describe the adaptations of terrestrial animals that allow them
to be successful on land.
Appreciate specific adaptations that allow animals to succeed
in their habitat and niche.

•
•
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26.1 What Is an Animal?
Animals are adapted to live in just about any environment.
They live on the shores of oceans, in shallow freshwater, the
bitter cold of the arctic, the dryness of the desert, and the
driving rains of tropical forests. There are animals that eat
only other animals, animals that are parasites, animals that
eat both plants and other animals, and animals that feed
only on plants. They show a remarkable variety of form,
function, and activity. They can be found in an amazing
variety of sizes, colors, and body shapes.
Because we humans display the characteristics of many
other animals, most people find it easy to distinguish animals
from plants. In comparison to plants, many animals move

great distances, attack and eat their prey, and have soft bodies. Their energy is supplied from the food they eat by the
biochemical process of cellular respiration, not photosynthesis (figure 26.1). The most likely traits that allow people to
classify an unknown organism as belonging to the kingdom
Animalia might include:
1. Animals are multicellular organisms. Multicellular
organisms have some advantages over one-celled
organisms. In multicellular organisms, individual cells
are able to specialize. Thus multicellular organisms can
perform some tasks better than single-celled organisms.
For example, some unicellular organisms can move by
using cilia, flagella, or amoeboid motion. However,

Figure 26.1
Variety of Animals
Today there are at least 4 million known
species of animals, ranging in size from
microscopic rotifers, 40 micrometers in
length, to giant blue whales, 30 meters long.
Animals not only vary in size, but also
inhabit widely diverse habitats—from the
frigid Arctic to the scorching desert, from
the dry African savanna to the South
American tropical rainforest, and from
violent tidal zones to the ocean’s depths:
(a) bumblebee, (b) mayfly, (c) giant green
tree frog, (d) turtle, (e) brain coral,
(f) stingray, (g) anole lizard, (h) mallard duck.
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such movement is relatively slow, weak, and allows the
organism to move only a short distance. Many animals
have muscle cells that are specialized for movement
and allow for a greater variety of more efficient kinds
of movement. For example, some animals use muscle
power to migrate thousands of kilometers—a feat
beyond the capability of unicellular organisms. Multicellular organisms can also be larger than single-celled
organisms. Many animals are large but the vast majority are small. Many animals are actually smaller than
some of the larger protozoa.
2. Usually the bodies of animals are composed of groups
of cells organized into tissues, organs, and organ systems. Functions such as ingesting food, exchanging
gases, and removing wastes are more complicated in
animals than in unicellular organisms. One-celled
organisms are in direct contact with the environment;
any exchange between the organism and the external
environment occurs through the plasma membrane.
However, in animals the majority of cells are not on
the body surface and are therefore not in direct contact
with the external environment. Animals must have
a specialized means of exchange between the internal
environment and the external environment
(figure 26.2). This often takes the form of gills, lungs,
and digestive systems. They must also have developed
a method of transporting materials between the body
surface and internal cells. As the size of an animal
increases, the amount of body surface increases more
slowly than the volume, and the body systems for
exchanging and transporting material become more
complex (see chapter 18). In many larger animals this
is known as a circulatory system. There are many
different kinds of systems that accomplish this
distribution function.
The majority of cells in an animal are internal and
do not directly perceive changes in the external environment, such as changes in light and temperature.
Some of the surface cells have developed specialized
sensory sites that do perceive environmental changes.
These external changes can then be communicated to
the internal regions of the body through a network of
sensory neurons or chemical messengers. Again, as an
animal gets larger, the body systems become more complex. Chapters 18 through 21 describe the functions of
some of the systems in the human body. Most animals
have systems that function in basically the same ways.
Naturally there are some modifications—fish have gills,
not lungs—but the purpose of the respiratory system is
the same in fish and in animals with lungs.
3. All animal cells have a nucleus but lack cell walls. All
organisms except the bacteria and archaea are eukaryotic; that is, they have a nucleus and other cellular
organelles. These include the protists, fungi, plants,
and animals. However, only the fungi, plants, and
animals are multicellular. Of these three the cells of

Animalia

483

animals differ in that they do not have cell walls like
plants and fungi.
4. Animals are heterotrophic. They do not carry on photosynthesis. Animals must eat other organisms to
obtain molecules that are used as building materials for
new cells, and for energy to drive life’s processes. Most
animals specialize in certain kinds of food. Sharks eat
other aquatic animals, mosquitos suck blood, sparrows
are seedeaters, jellyfish eat small aquatic organisms.
Each style of eating involves specialized structures like
teeth, stinging cells, or digestive tracts to process the
food that is eaten.
5. During all or part of their lives, animals are able to
move from place to place or move one part of their
body with respect to other parts. Movement is typical
of animals. Most animals move freely from place to
place as they seek food and other necessities of life.
However, some become permanently attached to surfaces after a period of dispersal early in their lives. For
example, barnacles are related to lobsters; oysters and

Respiratory system
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CO2

Gas exchange
(circulatory system)

O2
O2

(a)

(b)

CO2
Cells

Figure 26.2
Gas Exchange
(a) In unicellular organisms, the exchange of oxygen and carbon
dioxide between the cell and the environment occurs directly by
diffusion. (b) In multicellular organisms, a respiratory system—
a network of tubes—brings the oxygen into the animal. The oxygen
then diffuses from the respiratory system to the circulatory system—
a network of blood vessels—which transports the oxygen to the
inner cells. At this point the oxygen diffuses from the blood into
the cells. Also, carbon dioxide diffuses from the cell to the blood.
The blood that brings the oxygen to the cells from the respiratory
system then transports the carbon dioxide from the cells to the
respiratory system.
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mussels are related to other mollusks that move freely;
and many kinds of marine worms live in tubes they
have constructed.
In addition animals can move one part of their body
with respect to other parts. Many animals have
appendages (legs, wings, tentacles, spines, or soft muscular organs) that bend or change shape. Often these
structures are involved in moving the animal from place
to place but they are also used to capture food, clean
their surfaces, or move things in their environment.
Nearly all of these different kinds of movements are
the result of specialized cells that shorten to move one
part of the body with respect to another. In most animals these cells are known as muscle cells.
6. Animals respond quickly and appropriately to changes
in their environment. Movement is an important characteristic of animals, but the movement is usually in
response to some stimulus in their surroundings. This
activity involves coordinating sensory input and transmitting this information from a sense organ to muscle,
which actually brings about the movement.
7. Sexual reproduction is a characteristic of animals,
although many animals reproduce asexually as well as
sexually. Reproduction is essential to the survival of
any species. Most animals are involved in some variety
of sexual reproduction. The methods vary greatly—
from the simultaneous release of sperm and eggs into
the water for many marine organisms, to fertilization
inside the body for most terrestrial organisms and high
degrees of parental care in birds and mammals.
Although there are exceptions to these taxonomic criteria, they are a good starting point to explore what it is to be

an animal. In addition to the generalities listed above, there
are a few other concepts that need to be introduced before
we begin a more detailed discussion of the nature of animals.

26.2 Temperature Regulation
Unicellular organisms are all poikilotherms—organisms
whose body temperature varies. Most animals, including
insects, worms, and reptiles, are poikilotherms. The body
temperature of an ant changes as the external temperature
changes, which means that at colder temperatures, poikilotherms also have lower metabolic rates. Animals such as
deer, however, are homeotherms, which means that they
maintain a constant body temperature that is generally
higher than the environmental temperature, regardless of the
external temperature (figure 26.3). These animals, birds and
mammals, all have high metabolic rates.
Ectothermic describes animals that regulate body temperature by moving to places where they can be most comfortable. A good example of this occurs in snakes and other
reptiles. Endothermic describes animals that have internal
temperature-regulating mechanisms and can maintain a relatively constant body temperature in spite of wide variations in
the temperature of their environment as occurs in humans.

26.3 Body Plans
The form of animal bodies is diverse. Some animals have no
regular body form, a condition called asymmetry. Asymmetrical body forms are rare and occur only in certain species of

Figure 26.3
Regulating Body Temperature
The body temperature of a
homeotherm remains constant
regardless of changes in
environmental temperature. The
body temperature of a poikilotherm
is dependent upon environmental
temperature.
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sponges, which are the simplest kinds of animals (figure 26.4a).
Radial symmetry (figure 26.4b) occurs when a body is constructed around a central axis. Any division of the body
along this axis results in two similar halves. Although many
animals with radial symmetry are capable of movement, they
do not always lead with the same portion of the body; that
is, there is no anterior, or head, end.
Animals with bilateral symmetry (figure 26.4c) are constructed along a plane running from a head to a tail region.
There is only one way to divide bilateral animals into two
mirrored halves. Animals with bilateral symmetry move head
first, and the head typically has sense organs and a mouth.
The vast majority of animals display bilateral symmetry.
Animals also differ in the number of layers of cells of
which they are composed. The simplest animals (sponges
and jellyfishes) are diploblastic, which means that they only
have two layers of cells, an outer layer and an inner hollow
layer that is involved in processing food. All the other major
groups of animals are triploblastic. Their bodies are made
up of three layers and have many structures in the middle
layer. In most of them, this resembles a tube within a tube
(figure 26.5). The outer layer contains muscles and nerves,
and is exposed to the environment. In many animals the
outer layer is not protected by specialized structures, but
other animals have such things as shells, scales, feathers, or
hair protecting the outer layer of skin.
The inner tube layer constitutes the digestive system,
with a mouth at one end and anus at the other. Many portions of this food tube are specialized for the digestion,
absorption, and reabsorption of nutrients. Other organs
associated with the food tube secrete digestive enzymes into
it, and are located between the digestive tube and the outside
body wall. Also located in this area are other organs that are
involved in excretion of waste, circulation of material,
exchange of gases, and body support.
Simple animals, such as jellyfish and flatworms, have no
space between the inner and outer tubes (figure 26.6a). More
advanced animals, such as earthworms, insects, reptiles, birds,
and mammals, have a coelom, or body cavity, between these
two tubes (figure 26.6b). The coelom in a turkey is the cavity
where you stuff the dressing. In the living bird this cavity contains a number of organs, including those of the digestive,
excretory, and circulatory systems. The development of the
coelom was significant in the evolution of animals. In acoelomates, animals without a coelom, the internal organs are
packed closely together. In coelomates there is less crowding
of organs and less interference among them. Organs such as
the heart, lungs, stomach, liver, and intestines have ample
room to grow, move, and function. The coelom allows for
separation of the inner tube and the body-wall musculature;
thus, the inner tube functions freely, independent of the outer
wall. This results in organ systems that are more highly specialized than acoelomate systems. Organs are not loose in the
coelom but are held in place by sheets of connective tissue
called mesenteries. Mesenteries also serve as support for blood
vessels connecting the various organs (figure 26.6b).
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26.4 Skeletons
Most animals have some sort of structural support we call a
skeleton. A skeleton is important for several reasons. First of
all it serves as strong scaffolding to which other organs can
be attached. The skeleton also provides places for muscle
attachment and if the skeleton has joints, the muscles can
move one part of the skeleton with respect to others. Aquatic
organisms are generally supported by the dense medium in

(a)

(b)

(c)

Figure 26.4
Radial and Bilateral Symmetry
(a) This sponge has a body that cannot be divided into symmetrical
parts and is therefore asymmetrical. (b) In animals such as this
jellyfish with radial symmetry, any cut along the central body axis
results in similar halves. (c) In animals with bilateral symmetry, only
one cut along one plane results in similar halves.
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Figure 26.5
Body Structure
All animals with bilateral symmetry
have a body consisting of a digestive
tube running through an outer tube.
This is often called a tube-withina-tube body plan. The outer tube
consists of two layers. The outermost
thin layer forms the surface of the
skin and other structures such as a
cuticle (covering material), hair,
scales, or feathers. This is shown in
blue in the drawing. Attached to the
outer layer of the skin is a layer of
muscle and connective tissue (shown
in red). The gut is lined with a thin
layer of cells called the epithelial
lining. This is shown in yellow in the
drawing. Surrounding the gut lining
is a layer of muscle and connective
tissue (shown in red). Most of the
internal organs of the body have the
same origin as the muscle and
connective tissue.
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Figure 26.6
The Coelom
(a) Some animals, like the flatworms, have
no open space between the gut and outer
body layer. (b) Other animals, including all
vertebrates, have a coelom, an open area
within the middle layer. Organs form from
this middle layer, projecting into the
coelom. The mesenteries are thin sheets
of connective tissue that hold the organs
in place within the coelom.

which they live and many marine animals lack welldeveloped skeletons. In terrestrial animals, however, a strong
supportive structure is necessary to support the animal in the
thin medium of the atmosphere.
There are two major types of skeletons: internal skeletons (endoskeleton) and external skeletons (exoskeleton).
The vertebrates (fish, amphibians, reptiles, birds, mammals)
have internal skeletons. The various organs are attached to
and surround the skeleton, which grows in size as the animal
grows. Arthropods (crustaceans, spiders, insects, millipedes,
centipedes) have an external skeleton which surrounds all
other organs. It is generally hard and has joints. Growth in
these animals is accommodated by shedding the old skeleton
and producing a new larger one. This period in the life of an

arthropod is dangerous because for a short period it is without its hard, protective outer layer.
Many other animals have structures that have a supportive or protective function (such as clams, snails, and
corals) and these are sometimes called skeletons but they do
not have joints.

26.5 Animal Evolution
Scientists estimate that the Earth is at least 4.5 billion years
old and that life originated in the ocean about 3.8 to 3.7 billion years ago (chapter 22). For approximately 2 billion
years, one-celled, prokaryotic, organisms were the only forms
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of life present in the ocean, and there were no life-forms on
land. These early life-forms probably evolved into unicellular, eukaryotic, plantlike and animal-like organisms that
were the forerunners of present-day plants and animals
about 1.8 billion years ago. The earliest animal-like fossils
date to about 600 million years ago (figure 26.7).
All groups of animals appear to have started in the sea
and many groups have remained aquatic to the present. In
the ocean, animals did not have a problem with dehydration.
Also, the ion content of the early ocean approximated that
of the animals’ cells, so little energy was required to keep the
cell in osmotic balance. Finally, the temperature range in the
ocean is not as great as that on land and the rate of temperature change is lower. Therefore, animals in the ocean did not
require mechanisms to deal with rapid or extreme changes in
the environment.

Animalia

Most of the earliest animals were probably small
planktonic organisms that floated in the water column or
were wormlike and crawled on the bottom or through the
sediment on the bottom of the ocean. All of the different
kinds of animals showed much adaptive radiation and produced many new forms based on their original body plans.
For example, clams, snails, and octopus in mollusks; starfish,
sea urchins, and sea cucumbers in echinoderms; and sharks,
bony fishes, and lamprey among the vertebrates.
The backbone is a recent development in the evolution
of animals. Animals with backbones made of vertebrae are
called vertebrates; those without backbones are called invertebrates. All early animals lacked backbones and still constitute 99.9% of all animal species in existence today.
Members of the arthropods (notably the insects) and
vertebrates (particularly the reptiles, birds, and mammals)

Kingdom Animalia

Mammals
Reptiles

Arthropods

Birds

Segmented
worms
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Mollusks

Fish
Amphibians

Roundworms
Kingdom Plantae

Tunicates
Chordates
Rotifers

Starfish
Kingdom Fungi

Flatworms
Sponges
Jellyfish

600 million years ago

Kingdom Protista

Figure 26.7
Animal Evolution
The first recognizable animals show up in the fossil record about 600 million years ago and have evolved into the variety of creatures
we see today.
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made the transition to a terrestrial existence about 400 million years ago, with the arthropods preceding the vertebrates
by a few million years.

26.6 Primitive Marine Animals
Sponges, jellyfish, and corals are the simplest multicellular
animals. They evolved about 600 million years ago and are
usually found in saltwater environments. Even though
sponges are classified as multicellular, in many ways they are
colonial. Most cells are in direct contact with the environment. All adult sponges are sessile (permanently attached)
filter feeders with ciliated cells that cause a current of water
to circulate within the organism. The individual cells obtain
their nutrients directly from the water (figure 26.8).
Reproduction in sponges can occur by fragmentation.
Wave action may tear off a part of a sponge, which eventually settles down, attaches itself, and begins to grow.
Sponges also reproduce by budding, a type of asexual reproduction in which the new organism is an outgrowth of the
parent. They also reproduce sexually, and external fertilization results in a free-swimming, ciliated larval stage. The
larva swims in the plankton and eventually settles to the bottom, attaches, and grows into an adult sponge.

Cnidarians include the jellyfish, corals, and sea
anemones. Like many sponges, they have radial symmetry.
Many species of Cnidaria exhibit alternation of generations
and have both sexual and asexual stages of reproduction.
The medusa is a free-swimming adult stage that reproduces
sexually. The polyp is a sessile larval stage that reproduces
asexually (figure 26.9). All species have a single opening that
leads into a saclike interior. Surrounding the opening is a
series of tentacles (figure 26.10). These long, flexible, armlike tentacles have specialized cells called nematocysts that
can sting and paralyze small organisms. Nematocysts are
unique to the Cnidaria. Even though they are primitive
organisms, cnidarians are carnivorous.

26.7 A Parasitic Way of Life
There are three basic types of flatworms (the Platyhelminthes): free-living flatworms (often called planarians),
flukes, and tapeworms (figure 26.11). The majority of freeliving flatworms are nonparasitic bottom dwellers in marine
or freshwater. A few species are found in moist terrestrial
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Adult medusae

Egg

Sperm
Epidermal
cell

Zygote

Choanocyte
Porocyte

Blastula

Produces
medusae
asexually

Larva
Becomes a polyp
Larva settles

Figure 26.8
A Sponge
Verongia is an example of a tube sponge. The cells are in direct
contact with the environment. The choanocytes form an inner layer
of flagellated cells. These flagella create a current that brings water in
through the openings formed by the porocyte cells, and it flows out
through the osculum. The current brings food and oxygen to the
inner layer of cells. The food is filtered from the water as it passes
through the animal. Although some sponges grow this “vase shape,”
most others have no distinct form. Sponges can be found growing
in both salt water and freshwater adhering to dock pilings, rocks,
and other fixed objects.

Figure 26.9
The Life Cycle of Cnidaria
The life cycle of Aurelia is typical of the alternation of generations
seen in most species of Cnidaria. The free-swimming adult medusae
(jellyfish) reproduce sexually, and the resulting larva develops into a
polyp. The polyp undergoes asexual reproduction, which produces
the free-swimming medusa stage. The polyp stage is microscopic in
many cases and not well known to most people.
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habitats. Free-living flatworms have muscular, nervous, and
excretory systems.
All flukes and tapeworms are parasites. All parasites
are extremely well adapted to their way of life but must have
solved several kinds of problems. Although some parasites
live on the outside of their host, many others live within the
body of the organisms on which they are feeding. There are
several specializations parasites must have in order to use a
living host for food:
1. They must be able to find a suitable host.
2. They must be resistant to the efforts of the host to rid
itself of the parasite.
3. They must have a method of anchoring themselves to
the host.
4. They need to keep their host alive as long as possible.

(a)
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We may consider this form of nutrition rather unusual,
but if you count up all the kinds of animals in the world,
there are more that are parasites than are not. Some of the
flukes are external parasites on the gills and scales of fish,
but the majority are internal parasites. Most flukes have a
complex life cycle involving more than one host. Usually, the
larval stage infects an invertebrate host, whereas the adult
parasite infects a vertebrate host. Roundworms, flatworms,
segmented worms, and insects contain many examples of
parasites.
Schistosomiasis, which causes diarrhea, liver damage,
anemia, and a lowering of the body’s resistance, is caused by
adult Schistosoma mansoni flukes that live in the blood vessels of the human digestive system. Fertilized eggs pass out
with the feces. Eggs released into the water hatch into freeswimming larvae. If a larva infects a snail, it undergoes additional reproduction and produces a second larval stage. A
single infected snail may be the source of thousands of larvae. These new larvae swim freely in the water. Should they
encounter a human, the larvae bore through the skin and
enter the circulatory system, which carries them to the blood
vessels of the intestine (figure 26.12).
Two hosts are also involved in the tapeworm’s life
cycle, but both hosts are usually vertebrate animals. A herbivore eats tapeworm eggs that have been passed from another
infected host through its feces. The eggs are eaten along with
the vegetation the herbivore uses for food. An egg develops
into a larval stage that encysts in the muscle of the herbivore.
When the herbivore is eaten by a carnivore, the tapeworm
cyst develops into the adult form in the intestine of the carnivore. When the worms reproduce, the eggs can be easily dispersed in the feces (figure 26.13).

(b)

Figure 26.10
Phylum Cnidaria
The Portuguese man-of-war or Physalia physalis (a), is commonly
called the blue-bottle in Australia. The name “blue-bottle” comes
from the body, which really is a large, gas-filled, blue float, that can
be up to 30 centimeters in length and rise above the water as much
as 15 centimeters. The float has a crest that is used much as a sail to
propel the colony across the water when the wind blows. It is widely
distributed throughout the warmer seas of the world. Various
species of the Portuguese man-of-war have been found in the
tropical Atlantic, sometimes reaching as far north as the Bay of
Fundy (Canada), the Mediterranean Sea, the Indo-Pacific region, the
ocean around Hawaii, and up to southern Japan. Although the sting
from the Portuguese man-of-war is rarely fatal, a person stung by a
Portuguese man-of-war will still experience severe pain. Single or
multiple welts will appear on the skin. The sting can cause fever,
shock, and circulatory and respiratory problems. The severe pain
from the sting may last about two hours, and depending upon
treatment, the pain will usually subside and go away in seven or
eight hours. (b) The sessile sea anemone is also a typical cnidarian.
Each has a saclike body structure with a single opening into the gut.

(a)

(b)

Figure 26.11
Flatworms
(a) Planarians are free-swimming, nonparasitic flatworms that
inhabit freshwater. (b) Adult tapeworms are parasites found in the
intestines of many carnivores.
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Figure 26.12
The Life History of Schistosoma mansoni
(1) Cercaria larvae in water penetrate human skin and are carried through the circulatory system to the veins of the intestine. They develop into
(2) adult worms, which live in the blood vessels of the intestine. (3) Copulating worms are shown. The female produces eggs, which enter the
intestine and leave with the feces. (4) A miracidium larva within an eggshell is shown. (5) The miracidium larva hatches in water and burrows
into a snail (6) where it develops into a mother sporocyst (7). The mother sporocyst produces many daughter sporocysts (8), each of which
produces many cercaria larvae. These leave the snail’s body and enter the water, thus completing the life cycle.

Another major group of animals that has many parasitic species is the Nematoda, commonly called roundworms.
Few animals are found in as many diverse habitats or in such
numbers as the roundworms. Most are free living, but many
are economically important parasites. Some are parasitic on
plants, whereas others infect animals, and collectively they
do untold billions of dollars worth of damage to our crops
and livestock (figure 26.14).
Roundworm parasites range from the relatively harmless
human intestinal pinworms Enterobius, which may cause irritation but no serious harm, to Dirofilaria, which can cause
heartworm disease in dogs. If untreated, this infection may be

fatal. Often the amount of damage inflicted by roundworms is
directly proportional to their number. For example, hookworms (figure 26.15) feed on the host’s blood. A slight infestation often results in anemia, but a heavy infestation of
hookworms may result in mental or physical retardation.

26.8 Advanced Benthic Marine Animals
A major ecological niche in the oceans includes large numbers of organisms that live on the bottom, called benthic
organisms. Among benthic organisms are such animals as
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Figure 26.13

Adult tapeworm

The Life Cycle of a Tapeworm
The adult beef tapeworm lives in the human
small intestine. Proglottids, individual
segments containing male and female sex
organs, are the site of egg production.
When the eggs are ripe, the proglottids
drop off the tapeworm and pass out in the
feces. If a cow eats an egg, the egg will
develop into a cyst in the cow’s muscles.
When humans eat the cyst in the meat, the
cyst develops into an adult tapeworm.
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ee
O'K

Eggs
eaten

Figure 26.14
Roundworms
When meat infected with trichina cysts is eaten by a host, the cysts
develop into adults. The adult worms reproduce, and the resulting
larvae encyst in the muscles of the host. A heavy infection can result
in the death of the host. (a) A cross section of an infected muscle.
Within each circle is an encysted larva. (b) Some roundworms are
parasitic on plants and may cause extensive damage.

(a)

(b)
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Figure 26.15
The Life Cycle of a Hookworm
Fertilized hookworm eggs pass out of the
body in the feces and develop into larvae. In
the soil, the larvae feed on bacteria. The
larvae bore through the skin of humans and
develop into adults. The adult hookworms
live in the digestive system, where they suck
blood from the host. The loss of blood can
result in anemia, mental and physical
retardation, and a loss of energy.

Egg
Esophagus

Trachea

Embryo
in egg

Lung
Heart
Inferior
vena
cava

Adult hookworm
feeding in small
intestine

Larva (non-infective)

Femoral vein

Larva
penetration

the segmented worms, the Annelida; clams and snails, the
Molluska; and lobsters, crabs, and shrimp, the Arthropoda.
When people think of annelids, they commonly think of the
terrestrial earthworm. However, most annelids are not terrestrial but are found in marine benthic habitats, where most
burrow into the ocean floor (figure 26.16).
The bilaterally symmetrical annelids have a well-developed
musculature and circulatory, digestive, excretory, and nervous systems that are organized into repeating segments. For
this reason the annelids are called segmented worms. Annelida are the first evolutionary group to display this feature—
the linear repetition of body parts, segments or somites. In
annelids the segments are essentially alike; in the more highly
evolved arthropods they are specialized to perform certain
functions. Depending on the species, the individual may be
male, female, or hermaphroditic (contain both male and
female reproductive organs). Because most marine annelids
live on the bottom and do not travel great distances, a freeswimming larval stage is important in their distribution. Like
many other marine animals, many annelids are filter feeders,
straining small organic materials from their surroundings.
Others are primarily scavengers, and a few are predators of
other small animals.

Larva (infective)

Another major group of benthic animals is the mollusks (figure 26.17). Like most other forms of animal life,
the mollusks originated in the ocean, and even though some
forms have made the move to freshwater and terrestrial environments, the majority still live in the oceans. They range
from microscopic organisms to the giant squid, which is up
to 18 meters long.
A primary characteristic of mollusks is the presence of
a soft body enclosed by a hard shell. Clams and oysters have
two shells, whereas snails have a single shell. Some forms,
such as the slugs, have no shell; they are unprotected. In the
squids and octopuses, there is no external shell that serves as
a form of support structure. Members of this phylum display a true body cavity, the coelom. Reproduction is generally sexual; some species have separate sexes and others are
hermaphroditic.
Except for the squids and octopuses, mollusks are
slow-moving benthic animals. Some are herbivores and feed
on marine algae; others are scavengers and feed on dead
organic matter. A few are even predators of other slowmoving or sessile neighbors. As with most other marine animals, the mollusks produce free-swimming larval stages that
aid in dispersal.
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Echinoderms such as starfish are strictly marine benthic
animals and are found in all regions, from the shoreline to
the deep portions of the ocean. Echinoderms are often the
most common type of animal on much of the ocean floor.
Most species are free moving and are either carnivores or
feed on detritus. They are unique among more advanced
invertebrates in that they display radial symmetry. However,
the larval stage has bilateral symmetry, leading many biologists to believe that the echinoderm ancestors were bilaterally symmetrical. Another unique characteristic of this group
is the water vascular system (figure 26.18). In this system,
water is taken in through a structure on the top side of the
animal and then moves through a series of canals. The passage of water through this water vascular system is involved
in the organism’s locomotion.
Animals that live in shallow coastal areas must withstand
tidal changes and the forces of wave action. Some are free moving and migrate with the tidal changes. Others are firmly
attached to objects; these are said to be sessile. Most sessile animals are filter feeders that use cilia or other appendages to create water currents to filter food out of the water. Mussels,
oysters, and barnacles are sessile marine animals.
Reproduction presents special problems for sessile
organisms because they cannot move to find mates. However, because they are in an aquatic environment, it is possible for the sperm to swim to the egg and fertilize it. The
fertilized egg develops into a larval stage—the juvenile
stage of the organism (figure 26.19). The larvae are usually
ciliated or have appendages that enable them to move,
even though the adults are sessile. The free-swimming, ciliated larval stages allow the animal to disperse through its
environment.

(a)

(b)

Figure 26.16
Annelids
Annelids include (a) the sandworm (a polychaete), which is common
in marine environments, and (b) sessile forms that are filter feeders.

(a)

Animalia

(b)

Figure 26.17
Mollusks
Mollusks may range in complexity from (a) a small, slow-moving, grazing animal like a chiton to (b) intelligent, rapidly moving carnivores like
an octopus.
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Ring canal
Radial canal
Tube feet

(a)

(b)

(c)

Figure 26.18
Echinoderms
(a) Starfish move by means of a water vascular system. Water enters the system through an opening, travels to the radial canals, and is forced
into the tube feet. Other echinoderms include (b) the sea urchin and (c) the sea cucumber.

crabs, starfish, and eels move freely about and produce freeswimming larvae.
Egg

Adult
oysters

Ɋ

Sperm

ɉ
Freeswimming
larva

Immature oyster

Figure 26.19
The Life Cycle of an Oyster
Each individual oyster can be either male or female at different times
in its life. Sperm are released and swim to the egg. Fertilization
results in the formation of a free-swimming larva. This larva
undergoes several changes during the first 12 to 14 days and
eventually develops into an immature oyster that becomes attached
and develops into the adult oyster.

The larva differs from the sessile adult not only
because it is free swimming, but also because it usually uses
a different source of food and often becomes part of the
plankton community. The larval stages of most organisms
are subjected to predation, and the mortality rate is high.
The larvae move to new locations, settle down, and develop
into adults. Even marine animals that do not have sessile
stages typically produce free-swimming larvae. For example,

26.9 Pelagic Marine Animals: Fish
Animals that swim freely as adults are called pelagic. Many
kinds of animals belong in this ecological niche, including
squids, swimming crabs, sea snakes, and whales. However,
the major kinds of pelagic animals are commonly called
fish. There are several different kinds of fish that are as different from one another as reptiles are from birds, or birds
from mammals.
Hagfish and lampreys lack jaws and are the most primitive of the fish. Hagfish are strictly marine forms and are
scavengers; lampreys are mainly marine but may also be
found in freshwater (figure 26.20). Adult lampreys suck
blood from their larger fish hosts. Lampreys reproduce in
freshwater streams, where the eggs develop into filter-feeding
larvae. After several years, the larvae change to adults and
migrate to open water.
Sharks and rays are marine animals that have an internal skeleton made entirely of cartilage (figure 26.21). These
animals have no swim bladder to adjust their body density in
order to maintain their position in the water; therefore, they
must constantly swim or they will sink. Many of us have
developed some misconceptions about sharks and rays as a
result of movies or TV. Rays feed by gliding along the bottom and dredging up food, usually invertebrates. Sharks are
predatory and feed primarily on other fish. They travel great
distances in search of food. Of the 40 species of sharks, only
7 are known to attack people. Most sharks grow no longer
than a meter. The whale shark, the largest shark, grows to
16 meters, but it is strictly a filter feeder.
The bony fish are the class most familiar to us
(figure 26.22). The skeleton is composed of bone. Most
species have a swim bladder and can regulate the amount of
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(b)

Figure 26.20
The Lamprey
The lamprey uses its round mouth to (a) attach to a fish and then (b) suck blood from the fish.

(a)

(b)

Figure 26.21
Cartilaginous Fish
Although sharks (a) and rays (b) are large animals, they do not have bones; their skeletal system is made entirely of cartilage.

gas in the bladder to control their density. Thus the fish can
remain at a given level in the water without expending large
amounts of energy. Bony fish are found in marine and freshwater habitats, and some, like the salmon, can live in both.
Bony fish feed on a wide variety of materials, including
algae, detritus, and other animals. Like the sharks, many
range widely in search of food. However, many fish are
highly territorial and remain in a small area their entire lives.

26.10 The Movement to Land
Plants began to colonize land over 400 million years ago,
during the Silurian period, and they were well established
on land before the animals. Thus they served as a source
of food and shelter for the animals. When the first terrestrial animals evolved, there were many unfilled niches;
therefore much adaptive radiation occurred, resulting in a
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(a)

(b)

(c)

Figure 26.22
Bony Fish
Fish have a variety of body shapes. The animals pictured here have skeletons made of bones and, like most bony fish, they have a swim
bladder: (a) sea perch, (b) moray eel, and (c) sea horse.

large number of different animal species. Of all the many
phyla of animals in the ocean, only a few made the transition from the ocean to the extremely variable environments
found on the land. The annelids and the mollusks evolved
onto the land but were confined to moist habitats. Many of
the arthropods (insects and spiders) and vertebrates (reptiles, birds, and mammals) adapted to a wide variety of
drier terrestrial habitats.
Regardless of their type, all animals that live on land
must overcome certain common problems. Terrestrial animals must have (1) a moist membrane that allows for adequate gas exchange between the atmosphere and the
organism, (2) a means of support and locomotion suitable
for land travel, (3) methods to conserve internal water, (4)
a means of reproduction and early embryonic development in which large amounts of water are not required,
and (5) methods to survive the rapid and extreme climatic
changes that characterize many terrestrial habitats. When
we consider the transition of animals from an aquatic to
a terrestrial environment, it is important to understand
that this process required millions of years. There had to
be countless mutations resulting in altered structures,
functions, and behavioral characteristics that enabled animals to successfully adapt.
One large group of animals, the arthropods, has
been incredibly successful in all kinds of habitats. They
can be found in the plankton, as benthic inhabitants, and
as pelagic organisms. This phylum includes nearly threequarters of all known animal species. No other phylum
lives in such a wide range of habitats. Although they
include carnivores and omnivores, the majority of arthropods are herbivores.

The crustaceans are the best-known class of aquatic
arthropods (figure 26.23). Copepods are common in the
plankton of the oceans, crabs and their relatives are found as
benthic organisms, and shrimp and krill are pelagic. However, the major success of this group is seen in the huge variety of terrestrial insects. Other terrestrial arthropod groups
include the millipedes, centipedes, spiders, and scorpions.
Insects and other arthropods probably developed the
adaptations for success on land at about the same time as the
plants. They developed an internal tracheal system of thinwalled tubes extending into all regions of the body, thus providing a large surface area for gas exchange (figure 26.24a).
These tubes have small openings to the outside, which reduce
the amount of water lost to the environment. They also developed a rigid outer layer that provides body support and an
area for muscle attachment that permits rapid muscular movement. Because it is waterproof, this outer layer also reduces
water loss. Another important method of conserving water in
insects and spiders is the presence of Malpighian tubules, thinwalled tubes that surround the gut (figure 26.24b). If the
insect is living in a dry environment, most of the water in
waste materials is reabsorbed into the body by the Malpighian
tubules and conserved.
Insects have separate male and female individuals and fertilization is internal, which means that the insects do not require
water to reproduce. Insects have evolved a number of means of
survival under hostile environmental conditions. Their rapid
reproductive rate is one means. Most of a population may be
lost because of an unsuitable environmental change, but when
favorable conditions return, the remaining individuals can
quickly increase in number. Other insects survive unfavorable
conditions in the egg or larval form and develop into adults
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Figure 26.23
Crustaceans
Crustaceans include marine forms such as the king crab (a). The microscopic water flea (b) is a freshwater organism, and the pill (sow) bug (c)
is terrestrial.

Figure 26.24
Air sacs

Insect Respiratory and Waste-Removal
Systems
(a) Spiracles are openings in the exoskeleton
of an insect. These openings connect to a
series of tubes (tracheae) that allow for the
transportation of gases in the insect’s body.
(b) Malpighian tubules are used in the
elimination of waste materials and the
reabsorption of water into the insect’s body.
Both systems are means of conserving body
water.

Tracheae

Spiracles
(a)

Stomach
Crop

Gastric caeca

Intestine

Esophagus

Anus

Mouth
Rectum
(b)
Malpighian tubules

when conditions become suitable (figure 26.25). Some insects
survive because of a lower metabolic rate during unfavorable
conditions.
The terrestrial arthropods occupy an incredible variety
of niches. Many are herbivores that compete directly with
humans for food. They are capable of completely decimating
plant populations that serve as food for human consumption. Many farming practices, including the use of pesticides,
are directed at controlling insect populations. Other kinds of
insects are carnivores that feed primarily on herbivorous
insects. These insects are beneficial in controlling herbivore
populations. Wasps and ladybird beetles have been used to
reduce the devastating effects of insects that feed on agricultural crops. Insects have evolved in concert with the flowering plants; their role in pollination is well understood. Bees,

butterflies, and beetles transfer pollen from one flower to
another as they visit the flowers in search of food. Many
kinds of crops rely on bees for pollination, and farmers even
rent beehives to ensure adequate seed or fruit production.
The first vertebrates on land were probably the ancestors
of present-day amphibians (frogs, toads, and salamanders).
Certain of the bony fishes have lobe-fins that can serve as
primitive legs. It is likely that the amphibians evolved from a
common ancestor of present-day lobe-finned fishes. The first
amphibians made the transition to land some 360 million
years ago during the Devonian period. This was 50 million
years after plants and arthropods had become established on
land. Thus, when the first vertebrates developed the ability
to live on land, shelter and food for herbivorous as well as
carnivorous animals were available. But vertebrates faced the
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(c)

(d)

Figure 26.25
The Life History of a Moth
The fertilized egg (a) of the moth hatches into the larval stage (b). This wormlike stage then covers itself with a case and becomes a pupa (c).
After emerging from the pupa (d), the adult moth’s wings expand to their full size.

same five problems that the insects and spiders faced in their
transition ashore.
In amphibians (figure 26.26), the development of lungs
was an adaptation that provided a means for land animals to
exchange oxygen and carbon dioxide with the atmosphere.
However, amphibians do not have an efficient method of
breathing; they swallow air to fill the lungs, and most gas
exchange between amphibians and the atmosphere must occur
through the skin. In addition to needing water to keep their
skin moist, amphibians must reproduce in water. When they
mate, the female releases eggs into the water, and the male
releases sperm amid the eggs. External fertilization occurs in
the water, and the fertilized eggs must remain in water or they
will dehydrate. Thus, with the appearance of amphibians, vertebrate animals moved onto “dry” land, but the processes of
gas exchange and reproduction still limit the range of movement of amphibians from water.
Their buoyancy in water helps support the bodies of
aquatic animals. This form of support is lost when animals
move ashore; thus the amphibians developed a skeletal structure that prevented the collapse of their bodies on land. Even

though they have an appropriate skeletal structure, amphibians must always be near water because they dehydrate and
require water for reproduction. The extreme climatic changes
were a minor problem: When conditions on land became too
hostile, the amphibians retreated to an aquatic environment.
For 40 million years amphibians were the only vertebrate animals on land. During this time, mutations continued to occur, and valuable modifications were passed on to
future generations. One change allowed the male to deposit
sperm directly within the female. Because the sperm could
directly enter the female and remain within a moist interior,
it was no longer necessary for the animals to return to water
to reproduce. The reptiles had evolved (figure 26.27).
Internal fertilization was not enough to completely
free the reptiles from returning to water, however. The
developing young still required a moist environment for
their early growth. Reptiles became completely independent
of an aquatic environment with the development of the
amniotic egg, which protects the developing young from
injury and dehydration (figure 26.28). The covering on the
egg retains moisture and protects the developing young
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Figure 26.26
Amphibians
Amphibian larvae (a) are aquatic organisms that have external gills and feed on vegetation. The adults (b), such as the salamander, are
terrestrial and feed on insects, worms, and other small animals.

(a)

(b)

Figure 26.27
Reptiles
Present-day reptiles include (a) turtles and (b) lizards. The green sea turtle, Chelonia mydas, is between 78 to 112 centimeters (31 to 44 inches)
in length and inhabits tropical and subtropical waters near continental coasts and around islands. This endangered species feeds primarily on
seagrasses and algae. Some populations of green sea turtles migrate over 2,000 kilometers (1,242 miles) across the ocean from nesting
grounds to feeding grounds.

from dehydration while allowing for the exchange of gases.
The reptiles were the first animals to develop such an egg.
Some even use this egg in a form of asexual reproduction
known as parthenogenesis (Outlooks 26.1.)
The development of a means of internal fertilization and
the amniotic egg allowed the reptiles to spread over much of
the Earth and occupy a large number of previously unfilled
niches. For about 200 million years they were the only
large vertebrate animals on land. The evolution of reptiles
increased competition with the amphibians for food and
space. The amphibians generally lost in this competition; consequently, most became extinct. Some, however, were able to
evolve into the present-day frogs, toads, and salamanders.

There have been several periods of mass extinction on
the Earth. One such period occurred about 65 million years
ago, when many kinds of reptiles became extinct. Before that
period of mass extinction, about 150 million years ago, birds
evolved (figure 26.29). Although the amniotic egg remained
the method of protecting the young, a series of changes in
the reptiles produced animals with a more rapid metabolism,
feathers, and other adaptations for flight. There are several
values to flight. Animals that fly are able to travel long distances in a short time and use less energy than animals that
must walk or run. They are able to cross barriers like
streams, lakes, oceans, bogs, ravines, or mountains that
other animals cannot cross. They can also escape many kinds
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Figure 26.28
The Amniotic Egg
An amniotic egg has a shell and a
membrane that prevent the egg
from dehydrating and allow for the
exchange of gases between the egg
and the environment. The egg yolk
provides a source of nourishment
for the developing young. The
embryo grows three extraembryonic
membranes: the amnion is a
fluid-filled sac that allows the
embryo to develop in a liquid
medium, the allantois collects
the embryo’s metabolic waste
material and exchanges gases,
and the chorion is a membrane
that encloses the embryo and the
other two membranes.

O2

Allantois

CO2

Amnion

Chorioallantoic
membrane

Egg membrane
Egg shell

Chorion

Yolk

Air space
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OUTLOOKS 26.1

Parthenogenesis
arthenogenesis is an unusual method of reproduction used by
some insects, crustaceans, and rotifers. In these cases an “egg”
cell is produced but it is not fertilized. These cells develop into
exact copies of the female parent. In most species, parthenogenesis may be a major method of reproduction, but at other times
these species also engage in sexual reproduction, often when
environmental conditions become challenging. In some species,
however, true sexual reproduction is not known to occur.
Because the offspring have only one parent, they are genetically
identical to that parent. Certain fishes, amphibians, and reptiles
also reproduce by parthenogenesis. Populations of certain whiptail lizards are entirely female (see figure).

P

of predators by quickly taking flight. These were the first
birds. They also possessed behavioral instincts, such as nest
building, defense of their young, and feeding of the young.
Because of these adaptations and their invasion of the air, a
previously unoccupied niche, birds became one of the very
successful groups of animals.
Even though the reptiles and birds had mastered the problems of coming ashore, mutations and natural selection continued, and so did evolution. As good as the amniotic egg is, it
does have drawbacks: It lacks sufficient protection from sudden
environmental changes and from predators that use eggs as
food. Other mutations in the reptile line of evolution resulted in
animals that overcame the disadvantages of the external egg by
providing for internal development of the young. Such develop-

ment allowed for a higher survival rate. The internal development of the young, along with milk-gland development, a constant body temperature, a body covered with hair, and care of
young by parents marked the emergence of mammals.
The first mammals to evolve were egg-laying mammals
(figure 26.30), whose young still developed in an external
egg. The marsupials (pouched mammals) have internal development of the young. However the young are all born prematurely and must be reared in a pouch (figure 26.31). In
the pouch, the young attach to a nipple and remain there
until they are able to forage for themselves. The young of
placental mammals remain within the female much longer,
and they are born in a more advanced stage of development
than is typical for marsupials (figure 26.32).
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Figure 26.30
(a)

(b)

Figure 26.29
Birds
Birds range in size from (a) the small hummingbird to (b) the large
ostrich. The rapid wing beat, seen as a blur, may be as much as
90 or more beats per second. The humming sound is the result of
these rapid wing movements. The ostrich is flightless but can go
from 0 to 45 mph in 21⁄2 seconds!

The Duck-Billed Platypus
The duck-billed platypus is a primitive type of mammal. It has the
mammalian characteristics of fur and milk production, but the young
are hatched from eggs. The platypus, Ornithorhynchus anatinus, lives
in the streams, rivers, and lakes of eastern Australia. Its body, up
to 0.6 meters (2 feet) long, has short, dense fur. Its bill is about
5 centimeters (2 inches) wide and it has hairless, webbed feet,
and a flat, furry tail.

Figure 26.31
Marsupials
All marsupials are born
prematurely. The young of the
opossum (a) and other
marsupials crawl into a pouch
and complete development
there. (b) Even after the young
are fully developed, some
marsupials still carry the young
in a pouch.
(a)

(b)

Figure 26.32

(a)

(b)

Placental Mammals
Placental mammals are not born
until the development of the
young is complete. Included in
this group are animals ranging
from (a) small terrestrial animals
like the least shrew
(5 centimeters) to (b) large
marine animals like the
humpback whale
(approximately 12 meters).
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Table 26.1
SUMMARY OF KINGDOM ANIMALIA
Phylum
(Common Name)

Class
(Common Name)

General Features

Example

Porifera (sponges)

Pores for water circulation
Sessile as adults
Aquatic

Marine and freshwater sponges

Cnidaria (cnidarians)

Radial symmetry
Tentacles and stinging cells
Aquatic habitat
Some are sessile

Jellyfish, coral

Platyhelminthes
(flatworms)

Flattened body
Not segmented
Sac-type digestive system

Planaria, liver fluke

Nematoda
(roundworms)

Cylindrical body
Not segmented
Digestive tract
Many parasitic forms
Many in soil habitat

Pinworm, soil nematode

Annelida
(segmented worms)

Segmented body
Oxygen uptake through skin
Circulatory, muscular, digestive,
and nervous systems

Fanworm, earthworm, leech

Insecta (insects)

Head, thorax, and abdomen
Appendages: antennae, legs,
mouthparts, wings, etc.
External skeleton
Metamorphosis common:
from egg, larva, pupa, to adult

Ant, wasp, beetle, grasshopper

Arachnida (spiders)

Head, thorax, and abdomen
Appendages: four pairs of legs
External skeleton

Wolf spider, tick, scorpion, mite

Diplopoda (millipedes);
Chilopoda (centipedes)

Segmented body
Two, or one pair, walking legs
per segment

Centipedes, millipedes

Crustacea (crustaceans)

External skeleton
Walking legs and other appendages
Mostly marine habitat

Lobster, crab, crayfish,
isopods, and barnacles

Molluska (mollusks)

Soft body, frequently
protected with shell
Bilateral symmetry
Anterior head region
Internal organs in visceral region
Ventral foot

Clam, squid, chitin

Echinodermata
(spiny-skinned animals)

Spines on surface
Radial symmetry
Marine habitats only
Tube feet and water vascular system

Starfish, sand dollars

Arthropoda
(arthropods)
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Table 26.1 (continued)

Phylum
(Common Name)

Class
(Common Name)

Chordata Vertebrata
(vertebrates with
backbone)

General Features

Example

Mammalia (mammals)

Hair covers body
Internal fertilization
Mammary glands to feed
young
Placenta
Four-chambered heart

Monotremes: egg layers—platypus
Marsupials: pouched—kangaroo,
opossum
Artiodactyla: hoofed, even
number of toes—sheep, deer, giraffe
Carnivores: meat eaters—wolves,
seals, weasels
Cetaceans: marine, fishlike—whales,
dolphins
Chiroptera: flying—bats
Edentata: no teeth—sloth, anteater
Insectivora: insect eaters—mole,
shrew
Lagomorphs: chisel-like teeth—
rabbit, hare
Perissodactyla: hoofed, odd number
of toes—horse, rhinoceros, zebra
Primate: large brain, eyes front—
human, lemur, ape
Proboscidia: trunk and tusks—
elephants
Rodents: incisor teeth with continual
growth—squirrel, mice, beaver
Sirenia: aquatic, only forelimbs—sea
cow, manatee

Aves (birds)

Feathers cover body
Internal fertilization
Eggs with calcified shell
Forelimbs adapted for flight
Four-chambered heart

Chicken, eagle, sparrow

Reptilia (reptiles)

Scales cover body
Internal fertilization
Membrane-enclosed egg
Lungs
Poikilotherm

Turtle, snake

Amphibia (amphibians)

Moist skin, no scales
External fertilization typical
Metamorphosis common
Lungs in adult form
Three-chambered heart

Toad, frog, salamander

Osteichthyes
(bony fishes)

Scales
Gills to acquire oxygen
from water
External fertilization usual
Limbs are fins
Two-chambered heart

Perch, trout, carp

Chondrichthyes
(cartilaginous fishes)

No bone
Limbs are fins

Sharks, rays
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SUMMARY
The 4 million known species of animals, which inhabit widely
diverse habitats, are all multicellular and heterotrophic. Animal
body shape is asymmetrical, radial, or bilateral. All animals with
bilateral symmetry have a body structure composed of three layers.
Animal life originated in the ocean about 600 million years
ago, and for the first 200 million years, all animal life remained in
the ocean. Many simple marine animals have life cycles that involve
alternation of generations.
Parasitism is still a very successful way of life for many animals. A major ecological niche for many marine animals is the
ocean bottom—the benthic zone. Large, free-swimming marine animals dominate the pelagic ocean zone.
Animals that adapted to a terrestrial environment had to
have (1) a moist membrane for gas exchange, (2) support and locomotion suitable for land, (3) a means of conserving body water,
(4) a means of reproducing and providing for early embryonic
development out of water, and (5) a means of surviving in rapid
and extreme climatic changes. Table 26.1 provides a summary of
the kingdom Animalia.

THINKING CRITICALLY
Animals have been used routinely as models for the development
of medical techniques and strategies. They have also been used in
the development of pharmaceuticals and other biomedical products such as heart valves, artificial joints, and monitors. The techniques necessary to perform heart, kidney, and other organ
transplants were first refined using chimpanzees, rats, and calves.
Antibiotics, hormones, and chemotherapeutic drugs have been
tested for their effectiveness and for possible side effects using laboratory animals that are very sensitive and responsive to such
agents. Biologists throughout the world have bred research animals that readily produce certain types of cancers that resemble
cancers found in humans. By using these animals instead of
humans to screen potential drugs, the risk to humans is greatly
reduced. The emerging field of biotechnology is producing techniques that enable researchers to manipulate the genetic makeup
of organisms. Research animals are used to perfect these techniques and highlight possible problems.
Animal-rights activists are very concerned about using animals
for these purposes. They are concerned about research that seems to

have little value in relation to the suffering these animals are forced to
endure. Members of the American Liberation Front (ALF), an animalrights organization, vandalized a laboratory at Michigan State University where mink were used in research to assess the toxicity of certain
chemicals. Members of this group poured acid on tables and in drawers containing data, smashed equipment, and set fires in the laboratory. This attack destroyed 32 years of research records, including
data used for developing water-quality standards. In one year, 80 similar actions were carried out by groups advocating animal rights.
What type of restrictions or controls should be put on such
research? Where do you draw the line between “essential” and
“nonessential” studies? Do you support the use of live animals in
experiments that may alleviate human suffering?

CONCEPT MAP TERMINOLOGY
Construct a concept map to show relationships among the following concepts.
bats
bears
birds
coelomate
endotherm

heart rate
hibernation
homeotherm
metabolism
torpor

KEY TERMS
acoelomates
asymmetry
benthic
bilateral symmetry
budding
coelom
diploblastic
ectothermic
endoskeleton
endothermic
exoskeleton
filter feeders

homeotherms
invertebrates
medusa
mesenteries
pelagic
poikilotherms
polyp
radial symmetry
sessile
triploblastic
vertebrates
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Questions

26.1 What Is an Animal?

Media Resources
Quick Overview
• Characteristics of animals

Key Points
• What is an animal?

26.2 Temperature Regulation

Quick Overview
• Poikilotherms and homeotherms

Key Points
• Temperature regulation

26.3 Body Plans

1. Describe body forms that show asymmetry, radial symmetry, and bilateral symmetry.

Quick Overview
• Types of symmetry

Key Points
• Body plans

Animations and Review
•
•
•
•

Body organization
Tissues
Homeostasis
Concept quiz

Interactive Concept Maps
• Body plans

26.4 Skeletons

Quick Overview
• Body support

Key Points
• Skeletons

Interactive Concept Maps
• Skeleton

26.5 Animal Evolution

Quick Overview
• Benchmark events

Key Points
• Animal evolution

Human Explorations
• Evolution of the heart

26.6 Primitive Marine Animals

Quick Overview
• Jellyfish, etc.

Key Points
• Primitive marine animals

26.7 A Parasitic Way of Life

2. Explain the tapeworm’s life cycle.

Quick Overview
• Parasitic life cycles

Key Points
• A parasitic way of life

(continued)
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Questions
3. What is a sessile filter feeder?
4. How does the medusa stage of an animal differ from
the polyp stage?
5. Describe a benthic environment.

Media Resources
Quick Overview
• Living on or in the ocean floor

Key Points
• Advanced benthic marine animals

Animations and Review
• Invertebrate characteristics

26.9 Pelagic Marine Animals:
Fish

6. How does a shark differ from most freshwater fish?

Quick Overview
• Free swimmers

Key Points
• Pelagic marine animals: Fish

Animations and Review
• Vertebrate introduction
• Fish

Case Study
• Sharks given a bum deal by rumors

26.10 The Movement to Land

7. List problems animals had to overcome to adapt to a
terrestrial environment.
8. Why can’t amphibians live in all types of terrestrial
habitats?
9. What is the importance of the amniotic egg?
10. How does a marsupial differ from a placental mammal?

Quick Overview
• Adapting to new conditions

Key Points
• The movement to land

Animations and Review
•
•
•
•
•

Amphibians
Reptiles
Birds
Mammals
Concept quiz

Interactive Concept Maps
• Text concept map

Experience This!
• Insect behavior

