The zebra swallowtail butterfly
is one of more than 750,000
species of arthropods—the
largest phylum of animals.

Ing

Procedure

1. Put on plastic gloves. Examine a variety of specimens
or photographs of arthropods. Make a list of features
that all of these organisms have in common.

2. Look at some animals that are not arthropods. Make
a list of features that all of these organisms have in
common. Compare the two lists.

3. Wash your hands with soap and warm water.

Think About it

1. Forming Operational Definitions Write @

definition of the terfn arthropod. Includ
definition at least two characteristics th

pods share but most other animals do

2. Classifying Classify the arthropods you

into two or more groups. Which chara
you use to distinguish the groups?

not.

cteris

e inyou
at all arthro

ohserve

tics did
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-ou have ever admired a spider’s web, watched the flight of a

embers of the phylum Arthropoda (ahr-THRAHP-oh-duh). In
15 of evolutionary success, which can be measured as the

ber of living species, arthropods are the most diverse and
cessful animals of all time. At least three quarters of a million
cies have been identified—more than three times the number
fall other animal species combined!

hat Is an Arthropod?

hropods include animals such as insects, crabs, centipedes,

d spiders. & ~=» Arthropods have a segmented body, a

gh exoskeleton, and jointed appendages. Like anne-

ds, arthropods have bodies that are divided into segments. The
umber of these segments varies among groups of arthropods.

. Arthropods are also surrounded by a tough external cover-
.or exoskeleton. The exoskeleton is like a suit of armor that
tects and supports the body. It is made from protein and a
bohydrate called chitin (KY-tun). Exoskeletons vary greatly
size, shape, and toughness. The exoskeletons of caterpillars
firm and leathery, whereas those of crabs and lobsters are so
gh and hard that they are almost impossible to crush by

d. The exoskeletons of many terrestrial, or land-dwelling,
cies have a waxy covering that helps prevent the loss of body
ter. Terrestrial arthropods, like all animals that live entirely
land, need adaptations that hold water inside their bodies.
All arthropods have jointed appendages. Appendages are
uctures such as legs and antennae that extend from the body
Il Jointed appendages are so distinctive of arthropods that
 phylum is named for them: arthron means “joint” in Greek,
podos means “foot.”

utterfly, or eaten shrimp, you have had close encounters with

-
B

Key Concepts

* What are the main features of
arthropods?

* What are the important trends
in arthropod evolution?

* What happens when an
arthropod outgrows its
exoskeleton?

Vocabulary
exoskeleton

chitin

appendage
tracheal tube
spiracle

book lung
Malpighian tubule
molting

Reading Strategy:
Finding Main ldeas Before
you read, skim the section to
find the three boldface sen-
tences. Copy each sentence onto
a notecard. As you read, make
notes of supporting details.

<« Figure 28-1 G Arthropods
such as the cave millipede have
a body usually composed of
segments, a tough exoskeleton,
and jointed appendages.
Observe the millipede’s legs,
which are adapted for walking.
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Evolution of Arthropods

The first arthropods appeared in the sea more than 6(q mil
years ago. Since then, arthropods have moved into a1 parts:
of the sea, most freshwater habitats, the land, and the air
( » The evolution of arthropods, by natural selection
and other processes, has led to fewer body segmentsg ;
highly specialized appendages for feeding, movemen
and other functions. :
A typical primitive arthropod was composed of many id,
i cal segments, each carrying a pair of appendages. Its bodyi :
N probably closely resembled that of a trilobite (TRY-loh-hyt);
\' A Figure 28-2 Trilobites, such as ShOWl’l‘ in Figure 28-2. This early body plan was modified g;
the fossilized one shown above, ally. Body segments were lost or fused over time. Most livin,
| were marine arthropods that were arthropods, such as spiders and insects, have only two or th
,’ abundant more than 500 miliion body segments. Arthropod appendages also evolved into diff
| years ago. They were divided into . 11
" ent forms that are adapted in ways that enable them to p
|

& many body segments, each with a

i' ! walking leg. Trilobites became different functions. These appendages include antennae, ¢l
i S extinct some 200 million years ago. walking legs, wings, flippers, mouthparts, tails, and other -
ok & Living arthropods generally specialized structures. ‘
| have fewer body segments and These gradual changes in arthropods are similar to the

: i more specialized appendages . X )
{E | than ancestral arthropods. changes in modern cars since the Model T, the first mass-

R Al produced automobile. The Model T had all the basic compone
‘ such as an internal combustion engine, wheels, and a fram

_ ! Over time, the design and style of each component changed
I | producing cars as different as off-road vehicles, sedans, anc
sports cars. Similarly, modifications to the arthropod bod pl:
K have produced creatures as different as a tick and a lobster

| Form and Function in Arthropods

| Arthropods use complex organ systems to carry out differen
S ' essential functions. As with all animals, organ systems are
g interrelated; the functioning of one system depends on th.
LELL other systems. For example, the digestive system breaks foo
into nutrient molecules, which then move into blood in the -
circulatory system. The blood carries the nutrients to body ¢

Feeding Arthropods include herbivores, carnivores, and ~
omnivores. There are arthropod bloodsuckers, filter feeders,’
detritivores, and parasites. Arthropod mouthparts have evolve
in ways that enable different species to eat almost any food
can imagine. Their mouthparts range from pincers or fangs 10
sickle-shaped jaws that can cut through the tissues of capturé
prey. The mouthparts of a nut weevil are shown in Figure 2

< Figure 28-3 This photo of a nut weevil

g illustrates how its mouthparts are adapted in

i] ‘ |1 ‘ ' ways that enable it to bore into and eat nuts.

. | ] Applying Concepts Do you think a nut weevil
! ‘
i

i would be able to capture and eat other arthro-
! i‘ pods? Explain your answer.

a
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Compound , !
eye i

Digestive
tract

Malpighian
tubules

Reproductive
organs

‘Ventral View Mouth

Salivary
glands

Ganglia

Nerve - Tracheal
—— Tracheal tubes cord tubes

: (]t == Spiracles

espiration You can see a grasshopper’s internal organs,
luding those used for respiration, in Figure 28-4. Most ter-
trial arthropods breathe through a network of branching
racheal (TRAY-kee-ul) tubes that extend throughout the body.
ir enters and leaves the tracheal tubes through spiracles
SPEER-uh-kulz), which are small openings located along the

e of the body. Other terrestrial arthropods, such as spiders,

A Figure 28-4 The grasshopper
has organ systems typical of most
arthropods. These organ systems

pire "using book lungs. Book lungs are organs that have carry out functions such as circula-
rs of respiratory tissue stacked like the pages of a book. Most tion, excretion, response, and
uatic arthropods, such as lobsters and crabs, respire through movement. Arthropods have several

different types of respiratory organs.
In insects, tracheal tubes (inset)
move air throughout the tissues of

=1 . ) the body. Interpreting Graphics
irculation Arthropods have an open circulatory system. Where is the grasshopper’s nerve cord

well-developed heart pumps blood through arteries that located?
ranch and enter the tissues. Blood leaves the blood vessels and
oves through sinuses, or cavities. The blood then collects in a
ge sinus surrounding the heart. From there, it re-enters the

herlike gills. The horseshoe crabs, however, respire through
rans called book gills.

(Cretion Most terrestrial arthropods, such as insects
dngiders, dispose of nitrogenous wastes using Malpighian :
-PIG-ee-un) tubules. Malpighian tubules are saclike .
s that extract wastes from the blood and then add them to ( Go @nlﬂwlne SC
8, or digestive wastes, that move through the gut. In aquatic For: Links on /INKS
th f)pOds, diffusion moves cellular wastes from the arthropod’s arthropods
00d Into the surrounding water. Visit: www.SciLinks.org
Weh Code: chn-8281

.

T; What is the function of Malpighian tubules?
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Quick Lab

Do crickets respond to odors?

Materials live crickets in terrarium, wooden blocks

Procedure

1. Predicting Crickets are common in grassy areas.
They eat leaves and are eaten by mice, some birds,
and other animals. Record a prediction of how
the crickets will respond to the odors of grass, soil,
and hair.

2. Put on plastic gloves. On a separate sheet of paper,
copy the data table shown. Your teacher will
provide a set of blocks labeled with the odors they
carry. Place the blocks in the container with the
crickets so that the blocks do not touch each other.
CAUTION: Place the blocks in the container gently to

Dat Tal

Time Number of Crickets

i (min) Grasse Soll Halir
1
2

3. In your data table, record the number of crickets
on each block every minute for 10 minutes.
4. Wash your hands with soap and warm water,

‘Analyze and Conclude

1. Observing Did the crickets tend to climb on
some blocks more than others? If so, which blocks
did they prefer?

2. inferving What can you infer from these results
about the ability of crickets to respond to odors?

3. Drawing Conclusions How could the behavior
you observed help crickets survive? Explain your

avoid injuring the crickets.

answer,

Exoskeleton
Muscle that flexes the joint
522 Muscle that extends the joint

A Figure 28-5 This diagrammatic
representation shows how muscles
attached to the exoskeleton bend and
straighten the joints. (Actual muscles
are much larger than those shown
here.) Applying Concepts How are
muscles controlled and coordinated?

718 Chapter 28

Respornse Most arthropods have a well-developed nervous
system. All arthropods have a brain. The brain serves as a
central switchboard that receives incoming information and
then sends outgoing instructions to muscles. Two nerves that
encircle the esophagus connect the brain to a ventral nerve
cord. Along this nerve cord are several ganglia, or groups of
nerve cells. These ganglia coordinate the movements of individ-
ual legs and wings. Most arthropods have sophisticated sense
organs, such as compound eyes for gathering information from
the environment. Compound eyes may have more than 2000
separate lenses and can detect color and motion very well.

Movement Arthropods move using well-developed groups of
muscles that are coordinated and controlled by the nervous
system. In arthropods and other animals, muscles are made up
of individual muscle cells. Muscle cells can contract, or become
shorter, when stimulated by nerves. Other cells in animals’
bodies do not have this ability. Muscles generate force by con-
tracting and then pulling on the exoskeleton.

At each body joint, different muscles either flex (bend) or
extend (straighten) the joint. This process is diagrammed in
Figure 28-5. The pull of muscles against the exoskeleton allows
arthropods to beat their wings against the air to fly, push their
legs against the ground to walk, or beat their flippers against
the water to swim.

%ﬂgg{’@ﬂ_ How do arthropods move?




R epmdue’éﬁ@n Terrestrial arthropods have internal
;ertilization. In some species, males have a reproductive
-an that places sperm inside females. In other species,
Q}rli males deposit a 5petm packet that is picked up by
e females. Aquatic arthropods may have internal or
éxternal fertilization. External fertilization takes

ﬁlace outside the female’s body. It occurs when females
release eggs into the external environment and males

shed sperm around the eggs.

crowth and Development
in Arthropods

An exoskeleton does not grow as the animal grows. Imagﬂle
that you are wearing a suit of armor fitted exactly to your meas-
urements. Think of it not only as skintight but as part of your skin.
What would happen when you grew taller and wider? Arthropods
have this same difficulty. € @@ When they outgrow their
exoskeletons, arthropods undergo periods of molting.

During molting, an arthropod sheds its entire exoskeleton and
manufactures a larger one to take its place. Molting is controlled by
the arthropod’s endocrine system. An animal’s endocrine system
regulates body processes by means of chemicals called hormones.
As the time for molting approaches, skin glands digest the
inner part of the exoskeleton, and other glands secrete a new
skeleton. When the new exoskeleton is ready, the animal pulls
itself out of what remains of the original skeleton, as shown in
Figure 28-6. This process can take several hours. While the new
exoskeleton is still soft, the animal fills with air or fluids to

allow room for growth before the next molting, Most arthropods
molt several times between hatching and adulthood. This

process is dangerous to the animal because it is vulnerable to
predators while its shell is soft. To protect themselves, arthro-
pods typically hide during the molting period or molt at night.

: @ Key Concept What are
the main features of arthropods?

7 Key Conecept What is the
- evolutionary trend for segmenta-
tionin arthropods?

: Key Concept How is the
Process of molting related to
growth in arthropods?

4. What body system controls
molting?

excretory systems involved in
removing nitrogenous wastes
from an arthropod'’s body?

other animals different from

difference enable movement?

5. How are both the circulatory and

6. Critical Thinking Comparing
and Contrasting How are the
muscle cells of arthropods and

other body cells? How does this

A Figure 28-6 & When they
become too large for their
exoskeletons, arthropods
undergo periods of molting. This
cicada has just molted and is
climbing out of its old exoskeleton.

\EG€us HiBIG Idea “

| Cellular Basis of Life Use
1 what you learned about
cellular respiration in Chapter
9 to explain why every cell in
an arthropod’s body needs
oxygen. Then, describe how
the respiratory system delivers
the needed oxygen.
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Key Concepts

* How are arthropods classified?

* What are the distinguishing
features of the three major
groups of arthropods?

Vocabulary
cephalothorax
thorax
abdomen
carapace
mandible
cheliped
swimmeret
chelicera
pedipalp
spinneret

Reading Strategy:
Building Vocabulary
Before you read, preview new
vocabulary by skimming the
section and making a list of the
highlighted, boldface terms.
Leave space to make notes as
you read.

Go %ﬁ%nline

C L
For: Links on //NKS
crustaceans
Visit: www.SciLinks.org

Weh Code: chn-8282

28-2 Groups Artropods

GEgAas sl e S R

ou are a naturalist sent to the rain forests of Brazi] to bring

back a representative sample of arthropods from the region,
As you search the forest, your collection grows to include an
astonishing array of arthropods—butterflies several centimeterg
across, armored wormlike animals that move about using dozeng -
of legs, and beetles that defend themselves by shooting out g
stream of poisonous liquid. You must organize your collection
before you return home, but you do not know how all these
arthropod species are related to one another, Where to begin?

This is the challenge that has faced biologists for many
decades—how to catalogue all the world’s arthropods. The
diversity of arthropods is daunting to any biologist interested in
understanding the relationships among organisms. As you will
see, however, arthropod classification is based on a fow impor-
tant characteristics. @ Arthropods are classified based on
the number and structure of their body segments and
appendages—particularly their mouthparts. The three
major groups of arthropods are crustaceans, spiders and their
relatives, and insects and their relatives.

Crustaceans

Animals in subphylum Crustacea, or crustaceans (krus-TAY-
shunz), are primarily aquatic. This subphylum includes organ-
isms such as crabs, shrimps, lobsters, crayfishes, and
barnacles. Crustaceans range in size from small terrestrial
pill bugs to enormous spider crabs that have masses around 20
kilograms. Crustaceans typically have two pairs of
antennae, two or three body sections, and chewing
mouthparts called mandibles. An example of a crustacean
is shown in Figure 28-7.

P Figure 28-7 & Arthropods
are classified based on the
number and structure of their
body segments and appendages.
The fiddler crab shown here is an
example of a crustacean.

720 Chapter 28




Abdomen

Tail Cephalothorax

Swimmerets

Carapace

|
Walking legs

~ The crayfish, shown in Figure 28-8, has a body plan

atis typical of many crustaceans. Its body is divided into a
phalothorax (sef-uh-loh-THAWR-aks) and an abdomen. The
terior cephalothorax is formed by fusion of the head with

hody. The carapace is the part of the exoskeleton that covers

the cephalothorax. -

Crustacean appendages vary in form and function. The first

0 pairs of appendages are antennae, which bear many sensory

irs. In crayfish, antennae are primarily sense organs. In other
staceans, they are used for filter feeding or swimming. The

ir pair of appendages are the mandibles. A mandible is a

thpart adapted for biting and grinding food. Gills are attached

the appendages associated with the cephalothorax.

Crayfishes, lobsters, and crabs are members of the largest

oup of crustaceans: the decapods. The decapods have five pairs of

8. In crayfishes, the first pair of legs, called chelipeds, bear

large claws that are modified to catch, pick up, crush, and cut food.

Behind these legs are four pairs of walking legs. Along the

abdomen are several pairs of swimmerets, which are flipperlike

appendages used for swimming. The final abdominal segment is

2d with a pair of paddlelike appendages to form a large, flat

-When the abdominal muscles contract, the crayfish’s tail

Ds beneath its body. This pushes the animal backward.

The barnacles are another group of crustaceans. Unlike the

apods, barnacles are sessile, or attached to a single spot.

Imacles are crustaceans that have lost their abdominal

gments and no longer use mandibles. Because of their outer

ll-like coverings, barnacles were once classified as mollusks.

arnacles attach themselves to rocks along the shore and in tide
0is. They even attach to the surface of marine animals such as

hales, Barnacles use their appendages to capture and draw

od particles into their mouths. .

+ What are the body sections of a crayfish?

' \ First antenna

Second antenna

Cheliped

A Figure 28-8 ( Crustaceans
typically have two pairs of
antennae, two or three body
sections, and chewing mouth-
parts called mandibles. Notice
these structures in this illustra-

tion of a crayfish, an aquatic
crustacean. Each of the smaller
antennae has two branches.

Word Origins
Q_%’;ma
Decapod comes from the Greek
word deka, meaning “ten,” and
the Greek word podos, meaning
“foot.” So, decapod means “ten-
footed.” If cephalo means “head,”
what do you think the term
cephalopod means?
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P Figure 28-9 (& Chelicerates have special
mouthparts called chelicerae and two body
segments, and nearly all have four pairs of legs.

Spiders

that are modified into fangs that can pierce and stun

or even

722 Chapter 28

Spiders and Their Relatives

Horseshoe crabs, spiders, ticks, and sc01plons are members of
* subphylum Chelicerata, or chelicerates. € gs
have mouthparts called chelicerae and two body sections,
and nearly all have four pairs of walking legs. Locate theSe
structures in the spider in Figure 28-9. Note that chelicerateg
lack the antennae found on most other arthropods. As in crus-
taceans, the bodies of chelicerates are divided into a cephalotho-
rax and an abdomen. The cephalothorax contains the brain, eyes,
mouth, and walking legs. The abdomen contains most of the
internal organs.

Chelicerates have two pairs of appendages attached near
the mouth that are adapted as mouthparts. One pair, called
chelicerae (kuh-LIS-ur-ee; singular: chelicera), contain fangs
and are used to stab and paralyze prey. The other pair, called
pedipalps (PED-ih-palps), are longer than the chelicerae and
are usually modified to grab prey. Chelicerates respire using
either book gills or book lungs. Horseshoe crabs, which are
aquatic, move water across the membranes of book gills. In
spiders, which are terrestrial, air enters through spiracles and
then circulates across the surfaces of the book lung.

Chelicerates are divided into two main classes: Merostomata
and Arachnida. Class Merostomata includes horseshoe crabs,
and class Arachnida, or arachnids, includes spiders, mites, ticks,
and scorpions.

Cephallothorax Abdomen

|
{ il 1

Heart

Pumping
Intestine
Ovary

Malpighian
tubules

IR

Poison

9|and/\'{\"‘\§w \¢ Anus
A\ Pedipalp )
‘\ Fanglike Spinnerets
\>, chelicera  Bases of Si!k glands

walking legs

such as the one drawn here have chelicerae

Book Lung

kill prey.




Horseshoe Crabys Horseshoe crabs, such as the one shown
in Figure 28-10, are among the oldest living arthropods. They
first appeared more than 500 million years ago and have
changed little since that time. Despite their name, horseshoe
crabs are not true crabs at all. They are heavily armor-plated,
like crabs, but have an anatomy closer to that of spiders. They
have chelicerae, five pairs of walking legs, and a long spikelike
tail that is used for movement. Horseshoe crabs grow to about
the size—and shape—of a large frying pan. They are common
along the marshes and shallow bays of the eastern United
States seacoast.

Spiders Spiders, the largest group of arachnids, capture and
feed on animals ranging from other arthropods to small birds.
They catch their prey in a variety of ways. Some spin webs of a
strong, flexible protein called silk, which they use to catch flying
prey. Others, including the tarantula shown in Figure 28-11,
stalk and then pounce on their prey. Other spiders lie in wait
beneath a camouflaged burrow, leaping out to grab insects that
venture too near.

Because spiders do not have jaws for chewing, they must
liquefy their food to swallow it. Once a spider captures its prey,
it uses fanglike chelicerae to inject paralyzing venom into it.
When the prey is paralyzed, the spider injects digestive enzymes
into the wounds. These enzymes break down the prey’s tissues,
enabling the spider to suck the tissues into a specialized pump-
ing stomach. The stomach forces the liquefied food through the
rest of the spider’s digestive system. In the digestive system,
enzymes break food molecules into smaller molecules that can
be absorbed.

Whether or not they spin webs, all spiders produce silk.
Spider silk is much stronger than steel! Spiders spin silk into
webs, cocoons for eggs, and wrappings for prey. They do
this by forcing liquid silk through spinnerets, which are
organs that contain silk glands. As the silk is pulled out of the
spinnerets, it hardens into a single strand. Web-spinning spiders
can spin webs almost as soon as they hatch; the complicated
Procedure seems to be preprogrammed behavior.

‘/ﬁggﬁgggggm[‘é How do chelicerates respire?

A Figure 28-10 Horseshoe crabs
look a bit like true crabs, but their
bodies more closely resemble those
of spiders and other chelicerates.
The abdomen and cephalothorax of
these animals are encased in a hard
shell. Inferring From this photo-
graph, what can you infer about the
habitat of horseshoe crabs?

A Figure 28-11 The tarantula
shown here is an example of a che-
licerate. The chelicerae, or specialized
mouthparts, can inject poison by way
of a painful bite. Applying Concepts
How might this action be useful to
tarantulas?
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Analyzing Data o

Ticks and Lyme Disease

Lyme disease is caused by a bacterium found in two
species of small ticks, the deer tick (Ixodes scapularis)
and the western black-legged tick (Ixodes pacificus).
Both species are most common in humid, wooded
areas. They feed by sucking blood from deer, mice,
birds, or humans. In warmer climates where reptiles
such as lizards and snakes are most common, deer
ticks prefer to feed on reptiles. The disease-causing ¢
bacteria are transmitted to the host by the bite of an
infected tick. In humans the bacteria can cause a rash,
fever, fatigue, joint and muscle pain, and damage to
the nervous system. The bacteria do not survive well

IS
High incidence of Lyme disease
1] Range of Ixodes pacificus
Range of Ixodes scapularis

1. interpreting Graphics How can you explain the
differences in the incidence of Lyme disease within

in reptiles.

questions that follow.

The map shows the distribution of the two tick
- species and areas where there is a high incidence of
| Lyme disease. Use the map to help you answer the

the range of deer ticks?

2, Formulating Hypotheses What are two possible
reasons that Lyme disease is not common in the
parts of the dry southwest where western black-
legged ticks are found?

¥ Figure 28-12 Scorpions are
easily recognized by their clawlike
pedipalps and curved abdomen
that bears a stinger at its tip.
Although scorpions inflict stings on
humans—usually causing as much
pain as a wasp sting—they typically
prey on other invertebrates, such as
insects. Comparing and
Contrasting How do scorpions
and spiders capture their prey?

724 Chapter 28

Mites and Ticks Mites and ticks are small arachnids
that are often parasitic. Their chelicerae and pedipalps are
specialized for digging into a host’s tissues and sucking
out blood or plant fluids. In many species, the chelicerae
are needlelike structures that are used to pierce the skin
of the host. The pedipalps are often equipped with claws
for attaching to the host. These mouthparts are so strong
that if a tick begins to feed on you and you try to pull it off,
its cephalothorax may separate from its abdomen and
remain in your skin!

Mites and ticks parasitize a variety of organisms.
Spider mites damage houseplants and are major agricul-
tural pests on crops such as cotton. Others—including
chiggers, mange, and scabies mites—cause itching or
painful rashes in humans and other mammals. Ticks can
transmit bacteria that cause serious diseases, such as
Rocky Mountain spotted fever and Lyme disease.

Scorpions Scorpions are widespread in Wwarm areas
around the world, including the southern United States.
Scorpions have pedipalps that are enlarged into claws, as
shown in Figure 28-12. The long, segmented abdomen of a
scorpion carries a venomous stinger that can kill or
paralyze prey. Unlike spiders, scorpions chew their prey,
using their chelicerae.

JQH‘ECKPQ[WI\AI_VT; Where are scorpions usually found?



nsects and Their Relatives

entipedes, millipe@qs,' and insects all belong to the subphy-
um Uniramia, or uniramians (yoo-nuh-RAY-mee-unz).

This subphylum contains more species than all other
groups of animals alive today. @ Uniramians have
_jaws, one pair of antennae, and unbranched
“appendages. They also have widely varying forms and
lifestyles. Centipedes and millipedes have long, wormlike
“podies composed of many leg-bearing segments, as shown
in Figure 28-13. Insects have compact, three-part bodies, and
“most are adapted for flight. The insects are so diverse and impor-

“tant that they are discussed separately, in the next section.
[

Centipedes Centipedes belong to class Chilopoda. They have
“from a few to more than 100 pairs of legs, depending on the
_species. Most body segments bear one pair of legs each.
_Centipedes are carnivores whose mouthparts include venomous
claws. They use these claws to catch and stun or kill their
“prey—including other arthropods, earthworms, toads, small
_snakes, and even mice. Centipedes usually live beneath rocks or
" in the soil. Their spiracles cannot close, and their exoskeleton is
not waterproof.  As a result, their bodies lose water easily. This

Figure 28-13 O Uniramians

, . . . . . . such as centipedes and millipedes
characteristic restricts centipedes to moist or humid areas. have jaws, one pair of antennae,

crne - i . and unbranched appendages. A
_Millipedes Millipedes form class Diplopoda. Like the cen- centipede (top) is a carnivore that
tipedes, millipedes have a highly segmented body. However, each feeds on earthworms and other

small animals. A millipede (bottom)
is a herbivore that feeds on rotting
vegetation.

~ millipede segment bears two, not one, pairs of legs. These two
pairs of legs per segment develop from the fusion of two segments
" in the millipede embryo. Millipedes live under rocks and in

- decaying logs. They feed on dead and decaying plant material.
“Unlike centipedes, they are timid creatures. When disturbed,
many millipedes roll up into a ball. This behavior protects their
~ softer undersides. Millipedes may also defend themselves by
“secreting unpleasant or toxic chemicals.

, S Problem Solving

: - 1. (& Key Concept What 5. Compare and contrast the body Use .lnformatlc'm from this

_ - ; . . section to design a new type

L characteristics are used to classify plans and feeding habits of of arthropod. Make sure that
arthropods? ' millipedes and centipedes. poc. ,

: o L - the arthropod has all the

o 2, @ Key Concept How dothe | 6. Critical Thinking Applying - characteristics described in
three largest groups of arthro- Concepts Are insects more this section. Draw the

: pods differ? closely related to spiders or to arthropod and give it a name.

- 3. Describe the process of digestion centipedes? Explain. Include a brief description of

in spiders. what it eats and where it lives.

4. What characteristic of horseshoe ‘

: e crabs is different from most other

; chelicerates?
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28-3 Insects

Guide for Reading
echasiich -

Key Concepts

* What are the distinguishing
features of insects?

* What two types of develop-
ment can insects undergo?

* What types of insects form
societies?

Vocabulary

incomplete metamorphosis
nymph

complete metamorphosis
pupa

pheromone

society

caste

Reading Strategy:
Summarizing As you read,
find the most important con-
cepts in each paragraph. Then,
use the important concepts to
write a summary of what you
have read.

Figure 28-14 The pie chart shows
the relative number of living species
for insects and noninsect animals.

Using Tables and Graphs What
percentage of animal species are not
insects?
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hat animals other than humans have the greatest impac

on the activities of this planet? If you said “insects,” you
would be correct. From bees that flit from flower to flower to
weevils that feed on crops, insects seem to be everywhere, Ag
Figure 28-14 shows, class Insecta contains more species than
any other group of animals. Ants and termites alone account for
nearly one third of all the animal biomass in the Amazon basin,

Many characteristics of insects have contributed to their
evolutionary success. These include different ways of responding
to stimuli; the evolution of flight, which allowed insects to
disperse long distances and colonize new habitats; and a life
cycle in which the young differ from adults in appearance and
feeding methods. These features have allowed insects to thrive
in almost every terrestrial habitat on Earth, as well as in many
freshwater and some marine environments.

The insects cover an incredible variety of life forms—from
stunning, iridescent beetles and butterflies to the less attractive
fleas, weevils, cockroaches, and termites. Biologists sometimes
disagree on how to classify insects, and the number of living
orders ranges from 26 to more than 30. :

Noninsect
arthropods
(12%)

Nonarthropod
invertebrates
(11%)




\ Thorax Abdomen

<« Figure 28-15 B insects have a body
divided into three parts—head, thorax,
7 and abdomen. Three pairs of legs are
attached to the thorax. In addition to these
features, this green tiger beetle has other
characteristics of a typical insect—wings,
e, antennae, compound eyes, and tracheal
tubes for respiration.

‘What Is an Insect?

“Like all arthropods, insects have a segmented body, an exoskele-
ton, and jointed appendages. They also have several features
“that are specific to insects. (g Insects have a body divided
into three parts—head, thorax, and abdomen. Three
- pairs of legs are attached to the thorax. The beetle in
" Figure 28-15 exhibits these characteristics. In many insects,
such as ants, the body parts are clearly separated from each
“other by narrow connections. In other insects, such as grass-
‘hoppers, the divisions between the three body parts are not as
“sharply defined. A typical insect also has a pair of antennae and
~a pair of compound eyes on the head, two pairs of wings on the
“thorax, and tracheal tubes that are used for respiration.

Insects carry out life functions in basically the same ways as
other arthropods. However, insects have a variety of adaptations
that deserve a closer look.

CKPOINT; What are the three main parts of an insect’s body?

Responses to Stimuli Insects use many sense organs to
- detect external stimuli. Compound eyes are made of many
- lenses that detect minute changes in color and movement. The
- brain assembles this information into a single image and directs
the insect’s response. Compound eyes produce an image that is
- less detailed than what we see. However, eyes with multiple
- lenses are far better at detecting movement—one reason it is so
“hard to swat a fly!
. Insects have chemical receptors for taste and smell on their
- mouthparts, as might be expected, and also on their antennae
and legs. When a fly steps in a drop of water, it knows immedi-
- ately whether the water contains salt or sugar. Insects also have ‘
sensory hairs that detect slight movements in the surrounding
air or water. As objects move toward insécts, the insects can feel
~the movement of the displaced air or water and respond appro-
priately. Many insects also have well-developed ears that hear
sounds far above the human range. These organs are located in
what we would consider odd places—behind the legs in
. 8rasshoppers, for example.
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Mandibles used to
saw and grind food

Ant

A Figure 28-16 Insect mouth-
parts are specialized for a variety of
functions. An ant’s mouthparts can
saw through and then grind food
into a fine pulp. The mouthpart of a
moth consists of a long tube that
can be uncoiled to sip nectar from a
flower, Flies have a spongy mouth-
part that is used to stir saliva into
food and then lap up the food.
Applying Concepts Whatis the
function of saliva?
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Tubelike rr'fouthpart
used to suck nectar

Moth Fly

Spongelike mouthpart
used to lap up food

Adaptations for Feeding Insects have three pairs of
appendages that are used as mouthparts, including a pair of
mandibles. These mouthparts can take on a variety of shapes, as
shown in Figure 28-16.

Insect adaptations for feeding are not restricted to their
mouthparts. Many insects produce saliva containing digestive
enzymes that help break down food. The chemicals in bee saliva,
for example, help change nectar into a more digestible form—
honey. Glands on the abdomen of bees secrete wax, which is
used to build storage chambers for food and other structures
within a beehive.

Movement and Flight Insects have three pairs of legs,
which in different species are used for walking, jumping, or
capturing and holding prey. In many insects, the legs have
spines and hooks that are used for grasping and defense.

Many insects can fly, as shown in Figure 28-17. Flying
insects typically have two pairs of wings made of chitin—the
same substance that makes up an insect’s exoskeleton.

The evolution of flight has allowed insects to disperse long
distances and to colonize a wide variety of habitats. Flying
abilities and styles vary greatly among the insects.

Butterflies usually fly slowly. Flies, bees, and moths,
however, can hover, change direction rapidly, and
dart off at great speed. Dragonflies can reach
speeds of 50 kilometers per hour.

<4 Figure 28-17 Flying insects, such as this
lacewing, move their wings using two sets of muscles.
The muscles contract to change the shape of the
thorax, alternately pushing the wings down and lifting
them up and back. In some small insects, these
muscles can produce wing speeds of up to 1000 beats
per second! Drawing Conclusions How might the
evolution of flight change an animal’s habitat?




Metamaaﬂgﬁh@ﬁs » The growth and development of
psects usually involve metamorphosis, which is a process
£ changing shape and form. Insects undergo either
hcomplete metamorphosis or complete metamorphosis.
Both complete and incomplete metamorphosis are shown in
“Figure 28-18. The immature forms of insects that undergo

adual or incomplete metamorphosis, such as the chinch
‘bug, look very much like the adults. These immature forms are
called nymphs (NIMFS). Nymphs lack functional sexual organs
“4nd other adult structures, such as wings. As they molt several
‘times and grow, the nymphs gradually acquire adult structures.
This type of development is characterized by a similar appear-
“ance throughout all stages of the life cycle.

Many insects, such as bees, moths, and beetles, undergo a
“more dramatic change in body form during a process called
complete metamorphosis. These animals hatch into larvae
that look and act nothing like their parents. They also feed in
“completely different ways from adult insects. The larvae typi-
“cally feed voraciously and grow rapidly. They molt a few times
“and grow larger but change little in appearance. Then they
“undergo a final molt and change into a pupa (PYOO-puh;
plural: pupae)—the stage in which an insect changes from larva
“to adult. During the pupal stage, the body is completely remod-
~eled inside and out. The adult that emerges seems like a com-
pletely different animal. Unlike the larva, the adult typically
“can fly and is specialized for reproduction. Figure 28-18 shows
he complete metamorphosis of a ladybug beetle.

Eggs

Incomplete
Metamorphosis

Nymph

. Immature

Adult

o0 T

J fid out how B
insect metamor-
phosis plays a part

EDUCATION o s

view track 8 “Insect Clues: The Smallest
Witnesses” on the BioDetectives DVD.

Figure 28-18 (®The growth
and development of insects
usually involve metamorphosis,
which is a process of changing
shape and form. The chinch bug
(left) undergoes incomplete
metamorphosis, in which the
developing nymphs look similar to
the adult. The ladybug (right)
undergoes complete metamorpho-
sis. During the early stages, the
developing larva and pupa look
completely different from the adult.

Complete
Metamorphosis
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For as long as humans and insects have shared planet Earth, humans
have been victims of diseases carried by insects. Researchers have

insects and Humans

Many insects are known for their negative effects. Termites destroy
wood structures, moths eat their way through wool clothing anq
carpets, and bees and wasps produce painful stings. Insects such as
desert locusts cause billions of dollars in damage each year to
livestock and crops. Boll weevils are notorious for the trouble they
cause cotton farmers in the South. Mosquitoes are annoying ang
have been known to spoil many a leisurely outdoor activity. Only
female mosquitoes bite humans and other animals to get a bloog
meal for their developing eggs. Male mosquitoes, on the other hand,
do not bite; they feed on nectar. Many insects, including mosquitoes,
cause far more serious damage than itchy bites. Their bites can
infect humans with microorganisms that cause devastating dis-
eases such as malaria, yellow fever, and bubonic plague.

Despite their association with destruction and disease, insects
also contribute enormously to the richness of human life.
Agriculture would be very different without the bees, butterflies,
wasps, moths, and flies that pollinate many crops. One third of the
food you eat depends on plants pollinated by animals, including
insects. Insects also produce commercially valuable products such
as silk, wax, and honey. They are even considered a food delicacy in
certain countries of Africa and Asia.

discovered which insects transmit specific diseases. Such discoveries

have often shed light on how the diseases can be controlled.

1906

Robert Koch
discovers that fleas
transmit the bubonic-
plague bacterium.
The plague killed
25% of Europe’s
population between
1347 and 1351.
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1909

Charles Nicolle
discovers that one
form of typhus,
caused by a
bacterium, is
transmitted
by the body
louse.

1924

African sleeping
sickness is discovered
in inhabitants of
central Africa. The
disease is caused by a
protist transmitted by
tsetse flies that live in
forests and areas near
water.

1943 - papons
DDT, a powerful insecticide, is
used for the first time during
World War Il to control the
spread of typhus. It is also used
to control outbreaks of malaria.




[nsect Communication

Insects communicate using sound, visual, chemical, and other
types of signals. Much of their communication involves finding
amate. T0 attract females, male crickets chirp by rubbing
'%heir forewings together, and male cicadas buzz by vibrating
gpecial membranes on the abdomen.

Vi'sual Cues Male fireflies use visual cues to communicate
with potential mates. As shown in Figure 28-19, a light-
pfoducing organ in the abdomen is used to produce a distinct
“series of flashes. When female fireflies see the signal, they

‘fash back a signal of their own, inducing the males to fly to
‘them. This interaction is sometimes more complicated, however,
‘pecause the carnivorous females of one genus of fireflies can
mimic the signal of another genus—and then lure unsuspecting
rhales {0 their death!

Chemical Signals Many insects communicate using chemi-
al signals. These chemicals are called pheromones (FEHR-
uh-mohnz), which are specific chemical messengers that affect
the behavior or development of other individuals of the same

“gpecies. Some pheromones function to signal alarm or alert
ther insects. Other pheromones enable males and females to
ommunicate during courtship and mating.

1972

Use of DDT is
verely restricted
the United

is found to be 1974
toxic to fishes, The World Health
birds, and Organization begins
possibly humans. to get rid of the black
e —— fly population of West
Africa. Black flies
transmit river
blindness, which is
caused by a
roundworm,

light to communicate with other
individuals of their species. They are
programmed to respond to specific
patterns of light. Applying
Concepts What are some other
ways in which insects communicate? §

|
]
A Figure 28-19 Fireflies use }l
i

| Some insect-borne diseases L
have an intermediate host in
which the parasite repro-
duces asexually. Conduct
research on the bubonic
plague to identify its inter-
mediate host. Write a report
on how this host was discov-
ered and how the discovery
affected control of the
disease.

1999

An outbreak of West Nile virus occurs in New
York City and its suburbs. The disease is carried
by mosquitoes and can affect humans as well
as birds and livestock. Officials order spraying
of insecticides near bodies of water in which
mosquitoes might breed.
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Major Workers
A colony of leaf-
cutter ants grows
| fungus for food.
The fungus needs
leaf tissue to grow.
Major workers use
| large, sawlike mandibles
% o cut through leaf tissue.
Smaller worker ants ride
atop the leaf, keeping alert
for potential threats.

Queen
The queen’s sole purpose
is to lay eggs. Most of
these eggs become

B worker ants, which are
nonreproducing
females. The males

1 exist only to reproduce.
The females that will
become queens leave the
nest, mate with males,

Soldier ants are the'largest of the
worker ants. They guard the nest
from potential attackers and
respond quickly to pheromone
signals that indicate danger.

A variety of differen

] Dump Chambers
Dump chambers are filled with
wastes, exhausted plant

tend to the fungus gardens. These
ants chop the leaves into a fine
paste, clean and tend to the gardens,
materials, and dead fungus and | infect new gardens with fungus, and

ants. Openings directly to the harvest fungus for other members of
outside provide ventilation. | the colony.

'3 and tay eggs to start a new
4 colony.

A Figure 28-20 Some
insects, such as these tropical
leaf-cutter ants, form societies. In
a tropical leaf-cutter society, only a
single queen reproduces. The
gueen can produce thousands of
eggs in a single day. Several
different castes of leaf-cutter ants
perform all other tasks within the
colony. They care for the queen and
her eggs and young; they grow
fungus for food; and they build,
maintain, and defend the colony’s
home. One group of workers even
cultivates bacteria that produce
antibiotics! These antibiotics
prevent the growth of parasitic
molds on the fungus that the ants
use for food.
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insect Societies

Just as people form teams that work together toward a common
goal, some insects live and work together in groups. Unlike
people however, insects act instinctively rather than voluntar-

2 Ants, bees, termites, and some of their relatives
form complex associations called societies. A society is a
group of closely related animals of the same species that work
together for the benefit of the whole group. Insect societies may
consist of more than 7 million individuals. A trop1ca1 leaf-cutter
ant colony is shown in Figure 28-20.

.

Castes Within an insect society, individuals may be specialized
to perform particular tasks, or roles. These are performed by
groups of individuals called castes. Each caste has a body form
specialized for its role. The basic castes are reproductive females
called queens (which lay eggs), reproductive males, and workers.
Most insect societies have only one queen, which is typically the
largest individual in the colony.




e right of the sun.

@ Key Concept Describe
he basic body plan of an insect.

& Key Concept Compare
the processes of incomplete
and complete metamorphosis.
Which involves a dramatic
hange in form?

Key Concept Describe

he organization of a leaf-cutter
nt society. What are the roles of
the different castes?

+ What are pheromones? Identify
Wo functions of pheromones.

Ommuﬂication in Societies A sophisticated system of
mmunication is necessary for the functioning of a society.

Tach species of social insect has its own “language” of visual,
iich, sound, and chemical signals that convey information

-1ong members of the colony. When a worker ant finds food, for
ample, she leaves behind a trail of a special pheromone as she
ads back to the nest. Her nest mates can then detect her trail
the food by using sensory hairs on their antennae.

- Honeybees communicate with complex movements as well
with pheromones. Worker bees are able to convey information
about the type, quality, direction, and distance of a food source
by. ‘dancing.” As shown in Figure 28-21, bees have two basic
ances: a round dance and a waggle dance. In the rounﬁd dance,
e bee that has found food circles first one way and then the

v thér, over and over again. This dance tells the other bees that
ore is food within a relatively short distance from the hive.
The frequency with which the dancing bee changes direction
indicates the quality of the food source: The more frequent the
changes in direction, the greater the energy value of the food.

In the waggle dance, the bee that has found food runs for-
ard in a straight line while waggling her abdomen. She circles
nd one way, runs in a straight line again, and circles around
‘other way. The waggle dance tells the other bees that the

od is a longer distance away. The longer the bee takes to
erform the straight run and the greater the number of waggles,
ie farther away the food. The straight run also indicates in
hich direction the food is to be found. The angle of the straight
1 in relation to the vertical surface of the honeycomb indicates
‘angle of the food in relation to the sun. For example, if the
ancer runs straight up the vertical part of the honeycomb, the
food is in the same direction as the sun. In contrast, if the

raight run is 10° to the right of the vertical, the food is 10° to

5. What information is passed on by
the dances of honeybees?
Compare the messages of both
types of dances.

6. Critical Thinking Drawing
Conclusions The compound
eyes of insects are better at
detecting movement than the
fine details of an image. Why
might the ability to detect
movement be important to
insects?

Waggle Dance

A Figure 28-21 Bees use dances
to communicate information about
food sources. The round dance
indicates that food is fairly close to
the hive. The waggle dance
indicates that food is farther away.
It also indicates the direction of the
food. Interpreting Graphics In
what direction does the food lie,
according to this bee’s waggle dance?

Explanatory Paragraph
--Write a paragraph in which you :
briefly explain how insects :
* communicate. Hints: In the first .
" sentence in your paragraph,
identify the different ways in
which insects communicate.
Then, in the sentences that
~ follow, explain these ways. Use
~ specific examples to clarify the
- points you make.,

H
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Guide for Reading

ﬁé]" > Y s xzaz iz sy

Key Concepts

*» What are the distinguishing
features of echinoderms?

¢ What functions are carried out
by the water vascular system
of echinoderms?

s What are the different classes
of echinoderms?

Vocabulary
endoskeleton

water vascular system
madreporite

tube foot

Reading Strategy:

Using Visuals Before you
read, preview Figure 28-23. As
you read, notice where in the
sea star each function occurs.

ne of the most unusual sights along the seashore might he

the sea stars, sea urchins, and sand dollars that have
washed up on the beach. These animals look like stars, pin-
cushions, and coins. They are all echinoderms (ee-KY-noh-
durmz), members of the phylum Echinodermata. Echino- meang
“spiny,” and dermis means “skin.” If you have ever touched a seq
star, you will know why this name is appropriate. The skin of
echinoderms is stretched over an internal skeleton, or
endoskeleton, that is formed of hardened plates of calcium
carbonate. These plates give the animal a bumpy and irregular
texture. Echinoderms live only in the sea. Some are delicate,
brightly colored, feathery-armed creatures. Others look like
mud-brown half-rotten cucumbers!

What Is an Echinoderm?

The body plan of echinoderms is like no other in the animal
kingdom. Adult echinoderms typically have no anterior or
posterior end and lack cephalization. However, the bodies of
most echinoderms are two-sided. The side in which the mouth is
located is called the oral surface, and the opposite side is called
the aboral surface.

= Echinoderms are characterized by spiny skin, an
internal skeleton, a water vascular system, and suction-
cuplike structures called tube feet. Most adult echino-
derms exhibit five-part radial symmetry. The body parts,
which usually occur in multiples of five, are arranged around
the central body like the spokes of a wheel. The brittle star in
Figure 28-22 exhibits this kind of symmetry. Although radial
symmetry is characteristic of simpler animals such as enidari-
ans, echinoderms are actually more closely related to humans
and other vertebrates. The larvae of echinoderms are bilaterally
symmetrical, indicating that body symmetry evolved differently
in this group than in simpler animals. Also, echinoderms are
deuterostomes, animals in which the blastopore develops into
an anus. This type of development is found in echinoderms and
vertebrates, indicating that these groups are closely related.

’

4 Figure 28-22 C»Echinoderms such as
this brittle star have spiny skin, five-part radial
symmetry, an internal skeleton, a water
vascular system, and suction-cuplike structures
called tube feet. Observe that the brittle star has
five arms. The bodies of most echinoderms are
divided into parts that are multiples of five,




Eyespot

Endoskeletal plates

Anus

Stomach

VDigestive glands ‘

Ring canal
Radial canal

Madreporite

- Reproductive glands

Tube foot
Sucker

A Figure 28-23 The most
distinctive system of echinoderms is
the water vascular system, shown

Form and Function in Echinoderms here in 2 sea star. G The water

Aunique feature of echinoderms is a system of internal tubes vascular system, which extends
throughout the body, functions in

alled a water vascular system, which is shown in Figure 28-23. respiration, circulation, and
» The water vascular system, which is filled with fluid, movement.
carries out many essential body functions in echino-
derms, including respiration, circulation, and movement.
It opens to the outside through a sievelike structure called a f ST \\\
; . Go @nline
adreporite (MAD-ruh-pawr-yt). In sea stars, the madreporite - P
nnects to a ring canal that forms a circle around the animal’s ac t’ ve @ t ,
outh. From the ring canal, five radial canals extend along body For: Water Vascular System
Segments. activity
Attached to each radial canal are hundreds of tube feet. A Visit: PHSchool.com
ube foot is a structure that operates much like a suction cup. \\Weh Code: chp-8284 /
ch tube foot has a sucker on the end. Muscles pull the center ~
the sucker upwards, forming a cup shape. This action creates
uction on the surface to which the foot is attached, so the tube
ot pulls on the surface. Hundreds of tube feet acting together
Lreate enormous force, allowing echinoderms to “walk” and even
pull open shelled prey such as clams.

[SHECKPOINT: What is the system of internal tubes in echinoderms?

il A
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A Figure 28-24 Echinoderms
use all types of feeding methods.
Sea stars, like the one shown above,
are carnivores that typically feed

on mussels and other bivalves,
Comparing and Contrasting

How do other groups of echinoderms
feed?

Cg(_) ﬁzﬁi%nline

S TA

o
- For: Links on [/NKS

echinoderms
Visit: www.SciLinks.org
Web Code: ¢hn-8284

I
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%/{;ﬁﬁgKPOINVTJ How do echinoderms move?

Feeding Echinoderms have several methods of
feeding. Sea urchins use five-part jawlike structureg
to scrape algae from rocks. Sea lilies use tube feet
along their arms to capture floating plankton, Sea
cucumbers move like bulldozers across the ocean
floor, taking in sand and detritus. Sea stars usually
feed on mollusks such as clams and mussels, ag
shown in Figure 28-24. Once the prey’s shell is
open, the sea star pushes its stomach out through itg
mouth, pours out enzymes, and digests the mollusk in itg
own shell. Then, the sea star pulls its stomach and the partially
digested prey into its mouth.

Respiration and Circulation Other than the water vascular
system, echinoderms have few adaptations to carry out respiration
or circulation. In most species, the thin-walled tissue of the tube
feet provides the main surface for respiration. In some species,
small outgrowths called skin gills also function in gas exchange.
Circulation of needed materials and wastes takes place

throughout the water vascular system. Oxygen, food, and wastes
are carried by the water vascular system.

Excretion In most echinoderms, digestive wastes are released
as feces through the anus. Nitrogen-containing cellular wastes
are excreted primarily in the form of ammonia. This waste
product is passed into surrounding water through the thin-
walled tissues of tube feet and skin gills.

Response Echinoderms do not have a highly developed nerv-
ous system. Most have a nerve ring that surrounds the mouth,
and radial nerves that connect the ring with the body sections.
Most echinoderms also have scattered sensory cells that detect
light, gravity, and chemicals released by potential prey.

Movement Most echinoderms move using tube feet. An
echinoderm’s mobility is determined in part by the structure of
its endoskeleton. Sand dollars and sea urchins have movable
spines attached to the ecndoskeleton. Sea stars and brittle stars
have flexible joints that enable them to use their arms for
locomotion. In sea cucumbers, the plates of the endoskeleton are
reduced and contained inside a soft, muscular body wall. These
echinoderms crawl along the ocean floor by the combined action
of tube feet and the muscles of the body wall.

Reproduction Echinoderms reproduce by external fertiliza-
tion. Sperm are produced in testes, and eggs are produced in
ovaries. Both types of gametes are shed into open water, where fer-
tilization takes place. The larvae, which have bilateral symmetry,
swim around for some time and then swim to the ocean hottom,
where they develop into adults that have radial symmetry.




¢roups of Echinoderms

Bél'e are roughly 7000 species of echinoderms—all of which
Jive in the world’s otéahs. (g Classes of echinoderms
include sea urchins and sand dollars; brittle stars; sea
cucumbers; sea stars; sea lilies and feather stars. Some of
these echinoderms are shown in Figure 28-25.

sea Urchins and Sand Dollars This class includes sea
drchins and disk-shaped sand dollars. These echinoderms are
inique in having large, solid plates that form a box around their
internal organs. Many are detritivores or grazers that eat large
qu'antities of algae. They defend themselves in different ways.
gand dollars often burrow under layers of sand or mudf Some
sea urchins wedge themselves in rock crevices during the day,
whereas others defend themselves using long, sharp spines.

Brittle Stars DBrittle stars are common in many parts of the
sea, especially on coral reefs. They have slender, flexible arms
and can scuttle around quite rapidly to escape predators. In
addition to using speed for protection, brittle stars shed one or
more arms when attacked. The detached arm keeps moving,
distracting the predator while the brittle star escapes. Brittle

Figure 28-25 & Sea urchins,
brittle stars, sea cucumbers, and
sea stars represent different
classes of echinoderms. Observe
the characteristics of these represen-
tatives of each class.

Long-Spined Sea Urchin
e "
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Figure 28-26 Sea lilies belong to the most ancient class
of echinoderms, known as crinoids. The red crinoid (top)
is one of the few species of this class that are alive today.
This stalked crinoid fossil (bottom) is an example of the
types of crinoids that dominated Earth during the
Paleozoic Fra. Comparing and Contrasting How are
sea lilies different from other echinoderms?

and corals.

Sea Lilies and Feather Stars These filter feeders, which
have long, feathery arms, make up the oldest class of echino-
derms. Sea lilies and feather stars are common in tropical
oceans today, and a rich fossil record shows that they were
distributed widely throughout ancient seas, Like modern gea
lilies, their fossilized ancestors lived attached to the ocean
bottom by a long, stemlike stalk, as seen in Figure 28-26. Many
modern feather stars live on coral reefs, where they perch on top
of rocks and use their tube feet to catch floating plankton.

Ecology of Echinoderms

Echinoderms are common in a variety of marine habitats. In
many areas, a sudden rise or fall in the number of echinoderms
can cause major changes to populations of other marine organ-
isms. Sea urchins help control the distribution of algae and
other forms of marine life. Sea stars are important predators
that help control the numbers of other organisms such as clams

A major threat to coral reefs is one kind of sea star called
the crown-of-thorns. This echinoderm is named for the rows of
poisonous spines located along its arms. It feeds almost exclu-
sively on coral. In the Great Barrier Reef of Australia—one of
the largest reef systems in the world—this organism has
destroyed extensive areas of coral.

& Key Concept Whatis an
echinoderm?
» Key Concept What is the
water vascular system? How is it
important to echinoderms?

& Key Concept List the
major classes of echinoderms and
describe their characteristics.

4. What are tube feet? What
functions do they perform, and
how do they perform them?
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5. Echinoderms are deuterostomes.
What does this indicate about
their relationship to other
animals?

6. Critical Thinking Inferring
Why is tearing a sea star apart
and throwing it back into the
water an ineffective way of trying
to reduce sea star populations?

Structure and Function
In Chapter 26, you learned
about the different kinds of

| body symmetry exhibited by
animals. What kind of body

| symmetry do'adult sea stars

have? How is’this kind of

| symmetry similar to that of a

cnidarian? How is it different?




"pesign an Experiment

d other species?

hand lens or dissecting microscope
ield guide (for identifying ants)

3
olonies

pecies such as carpenter ants.)

Skills Predicting, Drawing Conclusions

De§ign Your Experiment

art A: Observing Ants That Are Related

Obtain a petri dish containing 10 ants from the
- same colony. Look at the ants under a hand lens
- or dissecting microscope. Use a field guide to
Identify the species to which they belong.

-For 30 seconds, count the number of ants that
- are fighting with one another. Record this
~number on a sheet of paper. If the ants are not
ighting, write “0.”

Predicting Record your prediction of whether
~ants from separate colonies of the same species
Wwill fight, and whether ants of two different

. Species will fight.

art B: Observing Ants That Are
Not Related

Designing Experiments Design experiments
o test your predictions. As you plan your
Investigative procedures, refer to the Lab Tips
box on page 55 for information on planning
safe investigations, planning wise use of materi-
als, and selecting equipment and technology.

Write a hypothesis for each experiment and
~Control alf variables except the one you are
testing. CAUTION: Ants are delicate, and some can
-Produce painful stings. Do not try to pick them up.
ave your teacher check your plan before you
ubegin to perform your experiment.

CAUTION: Do not use stinging species of ants such as fire ants or
rvester ants, or destructive species such as carpenter ants,)¢

covered petri dishes, each containing 5 ants of species A from different

hisr investigation, you will design experiments to determine how ants
“nond to members of other colonies and other species.

problem How do ants respond to members of other colonies

Analyze and Conclude

1. Observing Did most of the ants fight in step 2?7
How would you explain the behavior you
observed?

2. Observing What happened when you put
ants from two different colonies of the same
species together? When you put ants from
two different species together? Were your
predictions correct?

3. Drawing Conclusions How do you think the
behavior you observed helps the ants survive?

Go Further )

Asking Questions Think of some other
aspects of ants and their behavior that you
would like to learn about. For example, you
might be curious about how different”
environmental conditions affect an ant
colony, or which foods individual ants
prefer. Write your ideas as a series of ques-
tions. Choose one of your questions and
find an answer to it, either by finding
information in reference materials or design-
ing an experiment. Before performing any

@(periments, obtain your teacher’s approval. /
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28-1 Introduction to the Arthropods
N Key Concepts

» Arthropods have a segmented body, a tough
exoskeleton, and jointed appendages.

o The evolution of arthropods, by natural selection
and other evolutionary processes, has led to fewer
body segments and highly specialized appendages
for feeding, movement, and other functions.

¢ When they outgrow their exoskeletons, arthro-
pods undergo periods of molting.

Vocabulary

exoskeleton, p. 715
chitin, p. 715

appendage, p. 715
tracheal tube, p. 717
spiracle, p. 717

book lung, p. 717
Malpighian tubule, p. 717
molting, p. 719

28-2 Groups of Arthropods
(e Key Concepts

Arthropods are classified based on the number
and structure of their body segments and
appendages, particularly their mouthparts.

e Crustaceans typically have two pairs of antennae,
two or three body sections, and chewing mouth-
parts called mandibles.

o Chelicerates have mouthparts called chelicerae
and two body sections, and nearly all have four
pairs of walking legs.

« Uniramians have jaws, one pair of antennae, and
unbranched appendages.

Vocabulary
cephalothorax, p. 721
thorax, p. 721
abdomen, p. 721
carapace, p. 721
mandible, p. 721
cheliped, p. 721
swimmeret, p. 721
chelicera, p. 722
pedipalp, p. 722
spinneret, p. 723

28-3 [nsects
Key Concepts

¢ Insects have a body divided into three parts—
head, thorax, and abdomen. Three pairs of legs
are attached to the thorax.

» The growth and development of insects usually
involve metamorphosis, which is a process of
changing shape and form. Insects undergo
either incomplete metamorphosis or complete
metamorphosis.

« Ants, bees, termites, and some of their relatives
form complex associations called societies.

Vocabulary

incomplete metamorphosis, p. 729
nymph, p. 729

complete metamorphosis, p. 729
pupa, p. 729

pheromone, p. 731

society, p. 732

caste, p. 732

28-4 Echinoderms
Key Concepts

o Echinoderms are characterized by spiny skin, an
internal skeleton, a water vascular system, and
suction-cuplike structures called tube feet. Most
adults have five-part radial symmetry.

 The water vascular system carries out many
essential body functions in echinoderms, includ-
ing respiration, circulation, and movement.

e Classes of echinoderms include sea urchins and
sand dollars; brittle stars; sea cucumbers; sea
stars; sea lilies and feather stars,

Vocabulary

endoskeleton, p. 734

water vascular system, p. 735
madreporite, p. 735

tube foot, p. 735

Thinking Visually '

Construct a diagram that models the classification
of the phylum Arthropoda. Your classification
system should be based on similarities and differ-
ences. It should show a hierarchy, or the arrange-
ment of the subgroups within the phylum. Be sure
to use taxonomic nomenclature (phylum, subphy-
lum, and so forth).
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eviewing Content

-noose the letter that best answers the question or
ompletes the statement.

1. All arthropods have

-~ a. gills.

b. jointed appendages.
¢. antennae.

d. chelicerae.

An arthropod’s exoskeleton performs all of the
following functions except

~a. production of gametes.

-+ b, protection of internal organs.

¢ support of the animal’s body.

d. preventing loss of body water.

w

Most terrestrial arthropods breathe using
“branched, air-filled structures called

a. gills. ¢. book gills.
b. tracheal tubes. d. book lungs.

Most arthropods have

a. no circulatory system.

b. an open circulatory system.

- ¢ aclosed circulatory system.
d. skin gills.

5. Crustaceans are the only arthropods that have
a. three pairs of legs.
b. two pairs of antennae.
c. chitin in their exoskeleton.
d. chelicerae.

6. Which of the organisms below belongs in the
subphylum Chelicerata?

Unlike spiders, horseshoe crabs have
a. antennae. c. mandibles.
b. a madreporite. d. ten legs.

Interactive textbook with
assessment at PHSchool.com

8. All insects have
a. two pairs of legs.
b. two pairs of antennae.
c. two pairs of wings.
d. three body sections.

A

Most adult echinoderms show
a. bilateral symmetry.

b. top and bottom symmetry.
¢. radial symmetry.

d. no symmetry.

40. Oxygen is moved around the body
of a sea star in its
a. stemlike stalk. ¢. madreporite,

b. water vascular system. d. bony plates.

Understanding Concepts

11. How have the various respiratory structures found
in arthropods contributed to their overall success?

12. Compare the process of excretion in terrestrial
arthropods with that in aquatic arthropods.

13. Describe the structure of arthropods’ nervous
system,

14. What is the function of a crustacean’s carapace?
15. How are barnacles different from decapods?
16. What is the function of a mandible?

17. Distinguish between chelicerae and pedipalps.

18. How are the mouthparts of mijtes and ticks
adapted to a specific lifestyle?

19. State obvious differences in the body structure of
the different groups of uniramians.

20. How have the characteristics of insects con-
tributed to their evolutionary success?

21. Describe some of the special feeding adaptations
found in insects.

22. How does the term society relate to ants, bees,
and termites?

23. Describe how echinoderms eliminate nitrogenous
wastes. ’

’

24. Briefly describe the process of sexual reproduction
in sea stars,

25. How has the predation of the sea star called the
crown-of-thorns affected coral reefs?
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Critical Thinking

26. Applying Concepts The legs and bodies of
honeybees are covered with hair that collects
pollen and other materials. How is this adaptation
helpful to flowering plants and honeybees?

27. Applying Concepts Blue crabs usually have
hard shells. During certain times of the year some
of the blue crabs have thin, papery shells. in terms
of the life processes of arthropods, explain why
these blue crabs have soft shells.

28. Classifying An animal is discovered that has an

exoskeleton, sucking mouthparts, head fused with ¢

thorax, no wings, and four pairs of walking legs.
Would you classify the animal as an insect?
Explain your answer.

29. Analyzing Data Brine shrimp are small crus-
taceans found in salty lakes and ponds. The graph
shows the effect of water temperature on the
time it takes for brine shrimp eggs to hatch. Based
on the graph, what can you conclude about the
relationship between water temperature and
hatching time? How many hours would it take for
eggs to hatch at 18°C and at 25°C? Can you
predict the amount of time it would take for eggs
to hatch at 10°C?

Temperature ("C)
N
[0}
|

0 T T
0 24 48 72
Time for Eggs to Hatch (hours)

30. inferring |n a stagnant pool of water, a crayfish
may spend much of its time lying with one side of
its carapace near the surface of the water. In this
position, it will move the walking legs on that side
in a back-and-forth motion. To what external
stimulus is the crayfish responding? Explain the
value of this behavior.
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31. Inferring In many insect species, insect aduylts
and larvae feed on different substances. How
might this characteristic help members of those
species survive?

32. Comparing and Contrasting How are eching,.
derms structurally different from arthropods?

33. Applying Concepts What role do pheromones -
play in insect survival?

34. inferring [nsects today inhabit almost every
environment on Earth, and they exhibit a wide
variety of adaptations that enable them to survive
in those environments, How might natural
selection have contributed to insect diversity?

Matter and Energy Chitin is made of protein and
polysaccharides. What are these two substances? You
might want to review relevant concepts in Chapter 2,

«Writing in Science
In your own words, write a description of how molting
takes place in an arthropod, and what happens
immediately after molting. Include an explanation of
why it is necessary for an arthropod to undergo molting
periodically. (Hint: Before you write, use a flowchart to
organize the steps in the molting process.)

Around the Neighborhood Make a photograph
collection of arthropods in your neighborhood. Use
field guides to identify the arthropods in your photo-
graphs. Mount the photographs in a display that
indicates the major characteristics of arthropods and
the various groups of arthropods.

CGO @nline
HSchool.com

For: An interactive self-test
Visit; PHSchool.com
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Tet" )1 If you are taking a long time to Questions 9-10
answer a question, consider coming back to it A biology student is investigating the relationship
later. As you answer the other questions, you between cricket chirps and temperature. She catches
may remember the information you needed to a crigé(et ané:l plaﬁe; It mha jar. She Iea\i/qes the jar
: the skinped tom. outside, and each day she measures the number of
?nSWer © Sipped question J chirps during a 15-second period. At the same time,

she records the outside temperature near the cricket.
Her data for a 5-day period are shown below.

irections: Choose the letter that best answers the
yestion or completes the statement,

Mites and ticks are examples of

i

_(A) crustaceans. (D) chelicerae. Day  |Number of Chirps Outside
(B) swimmerets. (E) uniramians. in 15 Seconds | Temperature (°C)
(C) arachnids.

2. In spiders, the organs that contain the silk glands Monday 31__ 23,
are called Tuesday ™ | . 20 ’ 16
A) carapaces. (D) madreporites.

EB) spinnerets. (E) tube feet. Wednesday , 12 » 1
(C) swimmerets. Thursday 29 o2

3. Which of these is NOT a characteristic of an Friday 25 19
echinoderm? -
(A) five-part radial symmetry

. (B) a pair of antennae 9. At which of the following temperatures would a
(C) tube feet cricket be most likely to chirp 9 times in 15
(D) a water vascular system seconds?

() aninternal skeleton (A) 2°C

(B) 10°C
uestions 4-8 Each of the lettered choices below refers (C) 18°C
the following numbered statements. Select the best (D) 0°C
ttered choice. A choice may be used once, more than (F) 25°C

-once, or not at all. .
ornot at 10. What can the student conclude from this

- (A) Trilobites __ (D) Pheromones experiment?
7 (B) Pedipalps (E) Seastars (A) Crickets cannot chirp more than 31 times in
= (C) Arachnids 15 seconds.
4. Types of animals that have four pairs of walking (B) The number of chirps decreases when the
legs : temperature decreases.
(C) Crickets never chirp more than 31 times every
5. Chemical messengers that affect the behavior or 15 seconds.
deve.lopment of other individuals of the same (D) The number of chirps increases when the
species temperature decreases.
6. Group containing spiders, scorpions, ticks, and (E) There is no relationship between the number
mites of cricket chirps and temperature.

v

7. Carnivorous echinoderms that move by creeping
slowly along the ocean floor

8. Extinct group of marine arthropods that were
abundant more than 500 million years ago
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