


Essential Questicns

& What are the adaptations of free-living
flatworms and parasitic flatworms?

& How do flatworms maintain
homeosiasis?

@ What are the three classes of
flatworms and what are characteristics
of each?

Review Vocabulary

acoelomate: an animal without any
body cavities

Mew Yocabulary
pharynx

flame cell

ganglicn

regeneration

scolex

proglottid

Muitilingual eGlossary

- Flgure 4 Notice on the evolutionary tree
that flatworms, such as fiukes and tapeworms,
were among the first animals to show bilateral
symmetry.

Expiain how fhe symmetry of Aatworms
Is different from that of cnidarions.

sponges
cnidarians
“fiatworms
reundworms
rotifers
mollusks
annelids
‘arthropods

pseldocoelomates

acoelomates

R T

bilateral symmetry

Ancestral protist
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‘#thinoderms

Flatworms are thin, flat, scoelomate animals that can be free-
living or parasitic.

Real-Werld Reading Link Think about a time when you were caught in an
unexpected rain shower without rain gear. If you were wearing layers of clathing,
the rain might not have soaked through to your skin. As you read about worms,
think about how it is easier for the rain o move through one thin layer than through
multiple heavy layers.

ey Structure

The eveluticnary tree in Figure 4, shows that flatworms are on the
acoelomate branch of the tree, while roundworms are on the pseudo-
coelomare branch. However, flatworms and roundworms both have
bilateral symmetry. They can be divided along only one plane into
mirror-image halves. Bilateral symmetry is a major evolutionary step
that allows parts of the body to evolve different organs. Animals that
have bilateral symmetry also have more efficient movement than
animals with radial symmetry.

Phylum Platyhelminthes (pla tee HEL min theez)flatworms—
consists of about 20,000 species. Figure 4 shows some of the variety
seen in this phylum. Flatworms range in length from many meters
to 1 mum or less. They have thin, flat bodies that resemble ribbons.
Unlike sponges and cnidarians, flatworms have a definite head
region and body organs. Recall that flatworms are acoelomates and
therefore lacka coelom. Their bodies have no cavities.

Mosrt flatworms are parasites living in the bodies of a variety of
animals, but some others are free-living in marine, freshwater, or
moist land habitats. Freshwater planarians are often seen on the
underside of rocks in swiftly flowing streams.

LM Magnification: 3x
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Tapeworm
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Ganglia

Digestive

cavity Merve cords

Head

Excretory

Eyespot system Flame cel

Pharynx

Excretoty
tubule

.= Figure 2 Simple organ systems, such as the
Feeding and digestion Free-living flatworms feed on dead or © excretory and nervous systems, are found in

slow-moving organisms. They extend a tubelike muscular orgar, ; flatworms.
called the pharynx (FAHR ingks), out of their mouths. The phar-
ynx, shown in Figure 2, releases enzymes that begin the digestion
of prey. Then food particles are sucked into the digestive tract,
where digestion continues. Because flarworms have only one body
opening, wastes are ejected through the mouth.

Parasitic flatworms have modified feeding structures called
hooks and suckers, which enable them to stay arrached to their
hosts. Some parasiric flatworms have a reduced digestive system
and feed on blood and other body tissues. Other parasitic flat-
worms lack a digestive system. Because they are so thin, like a sin-
gle layer of cloth, and are surrounded by nutrients in their hosts
intestines, these parasites can absorb directly through their body
walls partially or completely digested food eaten by the host,

Animation

Video Lab

Reading Check Compare feeding and digestion in free-living
flatworms and parasitic flatworms.

Respiration, circulation, and excretion Like sponges and cni- :
darians, flatworms do not have circulatory organs or respiratory L oYneaRUL
organs. Because flatworms are so thin, their cells can use the pro- Doy ;
cess of diffusion to move dissolved oxygen and nutrients to all ! Host ‘
parts of their bodies. Carbon dioxide and other wastes also are . Science usage: an animal or plant on -
removed from flatworm cells by diffusion. : which or in which a parasite lives
Unlike sponges and cnidarians, flatworms have an excretory system | Some parasitic worms live in the
that consists of 2 network of small tubes that run through the body. . Intestines of their hosts.
On side branches of the tubes, as shown in Figure 2, bulblike flame :
cells lined with cilia sweep water and excretory substanices into
tubules. These substances then exit through pores to the outside of
the body. Flame cells were so named because the flickering move-
ments of the cilia inside the cells look like the light of a candle flame.
Because flame cells move water out of the body, they keep flarworm
cells from becoming waterlogged. In addition to the action of flame
cells, flarworms also excrete waste products and maintain homeostatic
water balance through their mouths.

BEY

Comtmon usage: a person who
entertains guests

Tyler’s dad was the host for the
football party. .
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Fesponse fe stimuli The nervous system
regulates the body’s response to stimuli. [n most
flatworms, the nervous system consists of two
nerve cords with connecting nerve tissue that
run the length of the body. In most flatworms,
the connecting nerve tissue looks like the rungs
of a ladder, as illustrated in Pigure 2. At the ante-
rior end of the nerve cords is a small swelling
compoesed of ganglia, which send nerve signals 1o
and from the rest of the body. A ganglion (plural,
ganglia) is a group of nerve cell bodies that coor-
dinates incoming and outgoing nerve signals.

LM Magnification: 10X

Observe a Planarian

How does a planarian behave?
Investigate the physical features and
behavior of a planarian by chserving
this common flatworm.

Movernent Some flatworms move by contracting

Procedurs )
e pg S ) - muscles in the body wall. To escape predators and
LS ®) : Planarian - 1o find food, most free-living flatworms glide by
1. Read and complete ihe lab safety form. '5 using cilia located on their undersides. Mucus lubri-
2. Observe the planarian in a water-filled obser- ~ cates the worms and improves the gliding motion,
vation dish by using a magnifying lens. ~ while muscular action lets the animals twist and
3. Create a data table to record your ; turn. If you have ever wried to Ioosen planaria
observations. : woerms from the bottoms of rocks, you know thart
&, Reccrd the physical characieristics and behav- their outer mucus covering enables them 1o stick
iors of the flatworm. - tightly—an important adaptation in a swiftly
5. Place a small piece of cooked egg white into 3 moving stream. You can observe the features and
the dish, and observe the feeding behavior of . behavior of a flatworm in MiniLab 4.
the ?lanal an- ; Repreduction Flatworms are hermaphrodites
Analysis - because they produce both eggs and sperm. During
1. Compare and contrast the physical features of - sexual reproduction, two different flatworms
the planarian with the features of the earthworm | oxchange sperm, and the eggs are fertilized internally.
you observed in the Launch Lab. ' In marine flatworms, zygotes in cocoons are released
2. Analyze how the body shape and movement of | 15 the water, where they harch within 2 few weeks.
a planarian enables it to live in its environment. : Freeliving flatworms can reproduce asexually
3. Infer why scientists classify planaria into a " by regeneration, a process in which body parts
group separate from other worms. ~ that are missing because of damage or predation
et can be regrown. A planarian thar is cut in half

horizentally can grow a new head on the tail end
and a new tail on the head end, forming two new
organisms, as shown in Figure 2.

- Pigure 3 Two new planaria form when one planarian Is cut in half
herizontally. Some planaria can regenerate from almost any plece of their
badies.
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Lhi Magnification: 10

Diversity of Flatworms

There are three main classes of flatworms: Turbellaria (tur bul LER ee uh),
Trematoda {tremm uh TOH duh), and Cestoda (ses TOH duhy). Class Turbe-
Haria cansists of the free-living flatworms. Class Trematoda and class
Cestoda consist of parasitic flatworms.

Tusrbetlariarns Members of the class Turbellaria are called turbellar-
ians. Most turbellarians, like planarians, live in marine or freshwater
habitats, while some live in moist soils. They vary in size, color, and
body shape. As shown in Figure 4, turbellarians have eyespots that can
detect the presence or absence of light. They also have sensory cells that
help them identify chemicals and water movement.

The cells sensitive to chemicals are concentrated on smali projec-
tions called auricles {OR ih kulz) at the anterior end of the worm. When
a planarian hunts, it might wave its head back and forth as it crawls
forward, exposing the auricles to chemical stimuli coming from food.
At the same time, its eyespots might help it perceive light conditions
that would protect it from predators.

Figure 4 Dark clusters of light-sensitive cells
form the eyespots on this planarian. Note the
aurides projecting from the same area.

Trematodes Flukes belong to class Trematoda—the trematodes. They
are parasites that infect the blood or body organs of their hosts. The life
cycle of the parasitic fluke Schistosoma is shown in Figure 5. Notice that
this parasite requires two hosts to complete its life cycle.
When humans contract schistosomiasis (shihst tuh soh MI uh sis), ]
. . . - Figure 5 Two hosts—humans and
the fluke eggs clog blood vessels, causing swelling and eventual tissue . :
’ o ¢ snails——are needed to complete the life cycle of
damage. Schistosomiasis can be prevented by proper sewage treatment  the fluke Schistosoma.
and by wearing protective clothing when wading or swimming in infested | jufer why the two farval forms of the
water. Schistosomiasis infections are not commeon in the United States. © fluke are different shapes.

LM Magnification: 15x
at 35mm size
. € When wastes are

passed out of the
body, fluke embryos
also leave the body.
The embryos hatch |
if they reach .
M = ! freshwater. -
' A Fluke larvae can burrow into bare s
1 human skin. The larvae travel

through the blood to the intestine

where development continues.

B The veins of the human
digestive system are the
home of adult flukes.

D The farvae are
free-swimnming and
find their snail hosts. |2

E In the snail body,
flukes grow and
reproduce, then
the larvae enter
the water.
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= Pigure § As the proglotiids behind the
scoiex malure, new proglottids form.

Section Summary

@ Fiatworms were among the first animals to
exhibit bilateral symmetry.

& Flatworms are acoelomates with limited num-
bers of organs and systems.

@ Some flatworms are free-fiving, and others
are parasitic.

@ Flatworms that are parasitic have specialized
adaptetions for parasitic life.

Color-Enhanced SEM Magnification: 70

Seolex

Cestodes All tapeworms are members of class Cesroda—the cestodes.
They are parasites adapted to life in the intestines of their hosts. Look
at the anterior end, or head, of the tapeworm in Figure . This is the
scolex (SKOH leks), a knob-shaped structure with hooks and suckers
that artach to the intestinal lining of a host, such as a cow or 2 human.

Behind the scolex of the worm are a series of individual sections
called proglottids (proh GLAH tihdz), each of which contains muscles,
nerves, flame cells, and male and female reproductive organs. Proglot-
tids form continuously; as new ones form near the scolex, older proglot
tids move farther back and mature. After eggs in the mature proglottids
are fertilized, the last segmernts with developing embryos break off and
pass out of the intestines of their hosts. Animals such as cattle might
feed on vegetation or drink water contaminated by the tapeworm pro-
glotrids, and then the cycle of tapeworm growth is repeated.

When eaten by cattle, tapeworms burrow through intestinal
walls, entering blood and muscle. If undercooked infected beef is
eaten, human infection by tapeworms is likely. Tapeworm infec-
tions are uncommon in industrialized nations because of heef
inspections.

ent

Understand Main ideas
Evaluate the advantages of a flatworm’s thin body.

- 2. Compare and conirast the adaptations of free-living flatworms and
. parasitic flatworms,

. 3. Prepare a chart that compares digestion, respiration, movement, and
: reproduction in the free-living and parasitic flatworms,

4. Amnalyze the importance of flame celts in a flatworm.

Think Critically

5. Design an experiment to determine what habitat conditions
planarians prefer,

&. Evaluate how the three classes of flatworms are adapted to their habitats.
Name the three classes of flatworms ir your answer.

7. Diagram bliateral symmetry using a planarian as an example. Explain the
adaptive advantage of bilateral symmetry to a planarian.

4 5 p B A D 4 s B b % Ao oa
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Essential Guestions

& What are the similarities between the
features of roundworms and

. Reundworims and rotifers have a more highly evolved gut
than flatworms.

tlatworms?

@ How can roundworms be identified Real-World Reading Link If you were to guess what animal is one of the most
based on movement? common in the world, what animal would you choose? Would you guess a

@& What are the ways humans risk roundworm? With 20,000 species of reundworms known, scientists astimate that
contracting roundworm parasites? there might be 100 times as many more kinds of roundworms stifi undiscovered.

Review Vocabulary

cilia: short, numerous projections that
look like hairs

ody Structure of Roundworms

Roundworms are in phylum Nematoda (ne muk TOH duh) and

New Vecabulary often are called nematodes. Locate roundworms on the evolurion-
ary tree in Pigure 7. Notice that they are pseudocoelomates. Recall
that pseudocoelomares have a fluid-filled body cavity thar is par-
tially lined with mesoderm. Roundworms have bilateral symmetry
| Multilingual eGlossary and are cylindrical, unsegmented worms that are tapered at both
: ends. Roundworms come in a variety of sizes, as shown in Eigure 7.
Most are less than 1 mm long. However, the longest known round-
worm, which lives in certain whales, can grow to 9 m in length.

Roundworms are found in both marine and freshwater habitats
and on land. Some are parasites that attach to plants or animals. A
spadeful of garden soil might contain one million roundworms.
One study revealed that a rotting apple contained 1074 round-
worms! Dogs and cats can be plagued by roundworms if they are
not wormed when they are young and at regular intervals during
adulthood. Roundworms have adaprations that enable them to
live in many places.

hydrostatic skeleton
trichinosis

- Figuere 7 Roundworms are pseudocoelam-

SEM Magniication: 128
ates with bilaterat symmetry. "

sponges
mallusis
annelids

| rotifers

cnidarians
Hatwarms
- chordates
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coarthropods
sechinoderms

Vinegar eel
{2 mm In length)

bil

ateral symmetry

Ancestral protist

[tjErtc V. Grave/Photo Researchers; {r)London Scientific Filmsi/Oxford Scientific/Getty Images

Agcarid worm {10-35 cm in length)
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Feading and digestion Most roundworms are free-living, but some
— : are parasites. Some free-living roundworms are predators of other tiny
Veterinary Parssiiotogist As N inver;ebrates, while others feed on QEcayiilg pla_m an@ animai marrer.
scientists who keep parasites out of © Freeliving forms have a key evoluuonary adapzation in their diges-
tive systems. Recall that in the course of evolution, pseudocoelomare

the food supply, veterinary parasitol- ) - i
ogists are responsible for the health animals were the first to have a body cavity. The pseudocoelom of a

of farm and domesticated animals. . nematode separares the endodermlined gut from the rest of the
They determine ways to controi and . body. The movement of food through the gu, or digestive tract, is
N prevent parasites in animals such as  — one-way—food enters through the mouth, and undigested food leaves
| cows, pigs, and chickens. ¢ through an opening at the end of the digestive tract called the anus.

Respiration, clreclation, excretion, and response to shimulf Like
flarworms, roundworms have no circulatory organs or respiratory
organs, and they depend on diffusion to move nutrients and gases
throughout their bodies. Most roundworms exchange gases and
excrete metabolic wastes through their moist outer body coverings.
More complex forms have excretory ducts that enable them to con-
serve water for living on land, while cthers have flame cells.

Ganglia and associated nerve cords coordinate nematode
responses. Nematodes are sensitive to touch and to chemicals. Some
have structures that might detect differences between light and dark.

Movement Roundworms have muscles thar run the length of their
bodies. These muscles cause the worms’ bodies to move in a thrash-
ing manner as one muscle contracts and another relaxes. These mus-
cles also pull against the outside body wall and the pseudocoelom.
The pseudocoelom acts as a hydrestatic skeleton—{luid within a
closed space that provides rigid support for muscles to work against.
If you were to observe a roundworm moving, it might resemble a
tiny piece of wriggling thread. Learn more about worm movement in
Data Analysis Lab 1.

BATA ANALYSIS LARB

Based on Real Data”®

0.5 mm

How does a nematode move? A nematode alter-
nately contracts and relaxes muscles that run
lengthwise on each side of its body.

Bente and Cheorvations

The diagram sequences the movement of a single
nematode. Each segment of time is represented by
the space between the dotted lines.

Think Critically

4. Interpret about how long it took the worm to move
to its final location.

2. Calculate how far the worm could move in
10 min.

3. Infer how worm movement might differ if muscles
on one side of its body were damaged.

“Data obtained from: Gray, £ and HW. Lissmann. 1964. The lecomotion of nematodes. Time between segments is 0.33 5

Jdournal of Experimental Biofogy 41:135-154.
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Reproduction Roundworims reproduce sexually. The females pro-
duce eggs, and the males, which often are smaller than the females,
produce sperm. Fertilization is internal. In free-living roundworms,
larvae hatch from the fertilized eggs, then grow into adults. In parasitic
roundworms, development often is more complicated, involving one

or more hosts or different locations in the host’s body.

The adult roundworm Caenorhabditis elegans (C. elegans), shown in
Figure 8, contains only 959 cells; zygotes mature to adults in just three
days. These characteristics make it an extremely important subject of
research on development, aging, and genetics. C. elegans was the first
multicellular organism to have its entire genome sequenced. The C. ele-
gans genome contains 97 million DNA bases encoding more than 19,000
different genes.

fezding Check Explain why the features of C. elegans make it a
good subject for research.

‘ W%’fgg%y ﬁwg k @%ﬁﬁﬁ ormms - Figure 8 C elegansis the subject of

Of the 20,000 known roundworm species, approximately half are para- much genetic research. With comparatively few
sites. These parasitic roundworms cause a variety of diseases in plants - cells and rapid development, scientists can
and animals, including humans. Many of these diseases in humans are easily research developmental changes

the result of carelessness, a lack of personal hygiene, or poor sanitation.

Trichineila worms A disease called trichinesis (trih keh NOH sis)
can be contracted by eating raw or undercooked pork and pork prod-
ucts, or wild game infected with the larvae of Trichinella, like the one
shown in Figure 9. After ingestion by a host organism, the worms
mature in one to two days. Female worms with fertilized eggs burrow
into the intestinal walls of humans, pigs, and other mammals. After the
eggs hatch, the larvae burrow into muscles where they form cysts, caus-
ing muscle pain. Trichinosis can be prevented by cooking meat properly.

Trichinella worm

Figure 9 A trichinellz worm larva is seen
curted up inside of a cystin pig muscle,
infer what kind of physical symptoms
a person with trichinosis might have.

{OSinclair Stammers/Phota Researchers; {b)Bary D. Baugler/Science Source

M Magnification: unavailable
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Bscarid werms

LM Magaification

Heolweorms

- Figure 48 Hookworms, ascarid worms, and pinwerms all
might be contracied from contaminated soil.

ldentify o feature shown in these photos that olf of
these worms share.

Pinworn

Haobloworms Hookworm infections are common in warm climates
when people go barefoot on contaminated soil. When a hookworm,
shown in Figure 10, contacts bare human skin, it curs its way inside,
travels in the bloodstream to the lungs, and then to the windpipe, or
esophagus, where it is coughed up and swallowed. The parasite then
moves to the small intestine, where it attaches to intestinal walls
and feeds on blood and other tissue. Hookworm infection can be
prevented by wearing shoes.

Ascarid weorms The most common worm infection in humans is
ascariasis (AS kuh RI uh sus), which is caused by ascarid (AS kuh
rid) worms like the ones shown in Figure 48. Eggs of ascarid worms
are found in soil in subtropical and tropical areas. They enter the
human body through the mouth and live in the intestine. Infection
can result when unwashed vegetables from contaminated soil are
eaten or when hands contaminated with infected soil are put in the
mouth, as young children are likely to do. Infection by ascarid
worms can be controlled by carefully washing vegetables and hands.

Reading Check BExplain how humans can prevent infeciion from hook-
worms and ascarid worms.

Pinworms Figure 40 shows a pinworm, the most common nematode
parasite in humans in the United States. The highest incidence of infec-

Nematode . tion oceurs in children. At nighr, female pinworms living in the intes-
remato- prefix; from Greek, . tine move our of the anus and lav eggs on nearby skin. When the skin
meaning thread : is scratched because of the itching caused by pinworm activity, the eggs
~ode suffix; from the Greek word © are transferred to hands and then to any surface that is touched. These
oeides, meaning similar to .. 1 eggs can survive for up to two weeks on surfaces and are ready to hatch

if another person ingests them. This infection can spread quickly among
children who put toys and other objects in their mouths.

734 Chapter 25 - Worms and Moliusks
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Filarial wornes Blephantiasis (el uh fun T1 uh sus) is a disease caused
by fifarial (fuh LER ee uhl) worms, which are roundworm parasites
that live in tropical areas. A mosquiro is the intermediate host of filarial
worms. When a mosquite sucks blood from a person who is infected
with this roundworm, wormn embryos are passed into the insect’s
bloodstream. The embryos grow into larvae, which then are passed to
another person when the mosquite bites again. Adult worms accumu-
late in the lymphatic system and obstruct the flow of lymph-the tis-
sue fluid in the spaces between cells. This fluid builds up in tissue,
causing legs and other body regions to enlarge. Controlling mosquitoes
and using mosquito netting at night can zid in preventing this disease.

Another disease caused by a filarial worm-heartworm—is found in
dogs and cats throughout the United States. Heartworms are transmit
ted to dogs and cats through mosquito bites. Once in the bloodstream,
the worms travel to the heart and block the flow of blood. Regular
doses of oral medications prevent heartworm in dogs and cats.

Reading Checl identify In what parts of the human bedy do pinworms
and filarial worms live?

Kematades in plants Some species of roundworms cause diseases
in plants. Nematodes can infect and kill pine trees, soybean crops,
and food plants such as tomatoes. When they infect plant roots, as
shown in Figure 44, they damage the plant.

Most species of nematodes are either harmless or beneficial to
plants, Certain nematodes are used to control the spread of cabbage
worm caterpillars, japanese beetle grubs, and many other pests of
crop plants. Spraying a solution of nemartodes and water on areas
that are infested with crop pests is most effective when the tar-
geted pest is at the stage in its life cycle when it lives in the soil.

. In addition to treating plant pests, nema-
todes are used to control pests of humans and animals. Nematodes
eat flea larvae and thus control the flea population in yards. This

reduces or eliminates exposure of humans and animals to tradi- Do Eigure 1 The growth of the vascular

rional chemicals used to treat flea infestations. © system of plants can be slowed down when
nematodes move into the roots and form cysts.

Nematode cysts on roots

Botato plant without nematodes Poatato plant with nematodes
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otifers

Rotifers are tiny animals only about 0.1 mm to 0.5 mm in
length. The phylum Rotifera, meaning wheel-bearer, gets its
name from the rings of cilia around the mouths of the
animals. About 1800 species of rotifers have been studied,
mostly from [reshwater habitats, including ponds, streams,
and lakes. It would not be unusual 1o find 40 to 500 roti-
fers in a liter of pond water. A few species are marine.
Refer to the evolutionary tree in Figure 7 and note that
although rotifers and roundworms occupy separate
branches, both are pseudocoelomates.

= Flgure 42 Rotifers have two rings of cilia at their anterior
end.

Rotifer features and moverment Rotifers are similar

to roundworms because they have bilateral symmetry and
are pseudocoelomates with a gut open ar both ends. Unlike
rounaworms, however, rotifers move through the water by
means of their cilisted wheeldike structures, which are
shown in Figure 42. The posterior end of a rotifer generally
has “toes” and glands that secrete an adhesive material that
enables a rotifer to attach itself to a surface in the water.

Crgan systems of rotifers Rotifers feed by using cilia 1o
gather protists and organic marerials into a complete diges-
tive tract, which inciudes a mouth and an anus. Like other
pseudocoelomates, rotifers exchange gases and excrete met-
abolic wastes by diffusion through body walls. Sensory
structures include sensory bristles and eyespots on the
head. Some rotifers reproduce sexually, while others have
complex life cycles involving diploid eggs producing diploid
females and haploid eggs producing haploid males. These
life cycles are dependent on environmental conditions, such
as spring rains, frost, or the presence of stagnant water.

siment

Section Summary . Understand Main ideas
Bescribe the evolutionary adaptation of the digestive tract of

@ Roundworms are closely relsted to flatworms,  © 4.

& Roundwaormes, like flatworms, have a limited roundworms.

number of organs and systems, 2. Compare and conirast the features of flatworms and roundworms,

82 0 r o6 om

@ Roundworms are either free-living or . 3. Explain how roundworms make their distinctive thrashing movements.
parasitic. ¢ 4. Compare and contrast the various ways in which humans might risk con-

& Roundworms cause many human and plant  « tracting roundworm parasites.
diseases. :  Think Critically

® Rotifers are pseucocoeiomates that appear . B, Hypothesize Imagine that you are digging in your garden and find scme
on a different branch of the evelutionary free tiny threadlike animals making thrashing movements. Make a hypothesis
from that of roundworms. . about what these animals might be. Explain your answer.

Bivlogy
6. Make a circle graph that shows the number of roundworm species known
compared fo the estimated number of roundworm species that might exist.

LR R N S
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Bssential Guestions

& What is the importance of the coelom
to mollusks?

@& What is the function of the mantie and
what are its adaptive advaniagesto
motlsks?

@& What is the importance of mucus and
the muscular foot to mollusks?

Review Yecabulary

herbivore: an organism that eats only
plants

Mew Yocabulary

mantle

radula

gill

open circulatory system
closed circulatory system
neghridium

siphon

Multitingual eGlossary

Figure 43 Mollusks, such as the nudibranch
and octopus, have coeloms.
frfer wheat the main difference is
between mollusks and roundworms
based on the evolutionary tree.

sponges
enidarians
flatworms
ratifers
“mollusks
annealids
arthropods
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protostornes

Ancestral protist

[ coelomates

“achinoderms

;. Mollusks are coslomates with a musculay fool,
a mantle, and a digestive tract with two openings.

Real-World Heading Link Have you ever watched a rocket blast off into space?
The rocket is powered by jet propulsion--a stream of heated gas is forced out of
the engine, pushing the rocket in the opposite direction. Some animals, such as
octopuses, also mave by jet propulsion, forcefuily expeliing streams of water o
push them away from danger.

aay structure

Mollusks are members of the phylum Mollusca. They range from the
slow-moving slug to the jerpropelled squid, from scallops and cuttle-
fish to chitons and nudibranchs. Mollusks range in size from almost

microscopic snails to giant squids, which can grow to be 21 m long.

Look at the evolutionary tree in Figure 98. Mollusks, such as the
nudibranch and the octopus in Figure 43, undergo protostome
development and might have been the first animals in the course
of evolution to have a coelom, which allowed for the development
of more complex tissues and organs. There are more than 110,000
known species of mollusks. Many are marine, sorme live in freshwa-
ter, and others live in moist land environments.

Mollusks are coelomate animals with bilateral symmetry, a soft
internal body, a digestive tract with two openings, a muscular foot,
and a mantle. The mantle (MAN tuhl) is 2 membrane that sur-
rounds the internal organs of the moltusk. In mollusks with shells,
the mantle secretes calcium carbonare to form the shell. Other mol-
lusks, including slugs and squids, are adapted to life without a hard
outer covering.

 cherdates

Mudibranch
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Reduced internal shell

Mantle

Seuid

Circutatory system

Digestive system

Tentacle

Digestive system
Head

Snail

AN

# Figure 14 Many moliusks have shells,
Inside the shell is a soft body consisting of a

Circulatory system

Foot Radula

Compare the bodies of the snail and the squid in Figure 14. Their

foot, organs, and a mantle. . external features are very different from each other. However, both have
Compare and contrast the bodiesof :  coelomate body plans and highly evolved body systems, such as the diges-
the snaif and the squid. : tive system, respiratory system, circulatory system, and nervous system.

Feeding and digestiorn Many mollusks use a rasping structure
called a radula to scrape food into their mouths. Located in a mollusk’s
mouth, a radula (RA juhluh) isa tonguelike organ with rows of teeth,
as shown in Figure 15. Herbivorous mollusks use their radulas to
scrape algae off rocks. Carnivorous mollusks use their radulas to drill
into other mollusks and feed on their internal body parts. Some of
these predators, such as octopuses and squids, use their radulas to tear
up the food they capture with their tentacles. Other mollusks, such as

= Figure 15 Many mellusks feed using a

radula. At the top, the radula is at rast. At the clams, are filter feeders and do not have radulas.

hottom, you can see the toothlike scraping Mollusks have complete guts with digestive glands, stomachs, and
structures on the radula as it is extended . intestines, as shown in Figure 16. As in roundworms, the digestive sys-
to feed. . tem has two openings—a mouth and anus.

Reading Check Explain why the evolution of a coelom is important to
mollusks.

Respiration Most mollusks have respiratory structures called gills.
Gills, shown in Figure 16, are parts of the mantle that consist of a
system of filamentous projections that are like the fringes of a blanket.
Gills contain a rich supply of blood for the transport of oxygen to the
blood and for the removal of carbon dioxide from the blood. Gills move
water into and through the mantle cavity in a continuous stream. They
are highly branched structures, which increase the surface area through
which gases can diffuse. This enables the gills to take in more oxygen
from water. Land snails and slugs remove oxygen from the air using the
lining of their mantle cavities. In some mollusks, the gills also function
in filter feeding.

Radula
extended
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Circulation Mollusks have a well-developed circulatory system
that includes a chambered heart. Most moliusks have an open cis-
culatory systern, in which the blood is pumped out of vessels
into open spaces surrounding the body organs. This adaptation
enables animals to diffuse oxygen and nutrients into tissues that
are bathed in blood and zlso to move carbon dioxide from tissues
into the blood. Slow-meving animals, such as snails and clams, uti-
lize this system effectively because they do not need rapid delivery
of oxygen and nutrients for quick movements.

some moliusks, such as squids, move nurrients and oxygen through
a closed circulatory system, which was a major adaptation in the evolu-
tion of animals. In a clesed circulatory system, blood is confined to
vessels as it moves through the body. A closed system efficiently trans-
ports oxygen and mutrients to cells, where they are converted to usable
forms of energy. Mollusks that move quickly, such as octopuses and
squids, need more energy than slow-moving mollusks, and the closed
circulatery system quickly delivers nutrients and oxygen. A closed cir-
culatory system is like the heating ducts in some houses. A furnace is
efficient at delivering warm air to the rooms in a house because the air
travels through a series of ducts or pipes. Roorns of a house would not
be evenly heated if the furnace did not have a delivery system.

Excretion Most mollusks get rid of metabolic wastes from cellular
processes through structures called nephridia (nih FRIH dee uh),
shown in Figure 46. After nephridia filter the blood, waste is passed
out through the mantle cavity. Nephridia are an evolutionary adap-
tation enabling mollusks to efficiently maintain homeostasis in
their body fluids.

Besponse to stimuli Mollusks have nervous systems that coordi-

nate their movements and behavior. Mollusks that are more highly
evolved, such as octopuses, have brains. In addition, octopuses have
complex eyes similar to human eyes with irises, pupils, and retinas.
Most moliusks have simple structures in the eyes that reflect light.

Stomach Heart

Shell

Mouth

Muscle

Mantle cavity

Intestine
Foot

Laboratory Assistant Marine
biologists depend on laboratory
assistants to help collect specimens,
such as moliusks, and to mainiain

databases. These eniry-level workers
\| also set up equipment and prepare L/
samples for testing.

N

= Figure 18 The internal anatomy of a clam
illustrates the well-developed organ systems in
moftusks.

Coelom

Nephridium

Muscle

Anus

» Excurrent siphon

Siphons

Incurrent siphon

Gilis

Mantle cavity
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Figure 17

Mollusks move in a variety of ways. The type of movement
used often depends on a mollusk’s unigue adaptations.

Gastropods

A gastropod moves by sending waves of contractions along
its muscular foot. A film of mucus lubricates the foot and
hefps propel the animal forward.

Note the waves of muscle contractions as the snall moves along its mucous trail.

Most bivalves do not move much,
unless they are threatened by a
predatar. Then, a bivalve aither
uses its muscular foot to burrow
into sediment, as shown on the
left, or uses jet propulsion to flee,
as shown at right.

A scaliop pults its shells together, forcing jets of water toward the shell
hinge. The force of the water pushes the scallop Tn the direction of the
shelt opening.

A clam can rapidly bury itseif in sand
using its muscular foot.

Cephalopods

Members of class Cephalopoda, such
as octopuses and squids, move by jet
propulsion. To avoid predators,

a cephalopod draws in water through
slits in the body wall. Then the water
is pumped rapidly through the siphon,
jet-propelling the cephalopod away
from danger.

An octopus changes the direction it moves by alternating the direction of its siphon.

Animation




fioverment The muscular foot of a clam enables it to burrow into wet
sand. Mollusks with two shells can clap their shells together for short
bursts of rapid swimming. Most slugs and snails creep along moist areas
on a slime frail of mucus secreted by glands in the foot. Octopuses and
squids talce water into the mantle cavity and expel it th rough a tube
called a siphon. When threatened, they can eject the water so rapidly
that they appear to be jet-propelled. Figure 17 illustrates the ways mol-
Jusks move.

Reading Check Compare movement in two-shelled mollusks, snails,
and squids.

Reproduction Mollusks reproduce sexually, as illustrated in
Figure 18&. The males and females of most aquatic species release
their eggs and sperm into tlie water at the same time, and feriilization
is external. A few bivalves and many gastropods that live on land are
hermaphrodites, in which fertilization takes place internally.

All members of the phylum Mollusca share similar developmental
patterns, even though their adult forms vary widely. One larval stage of
mast mollusks, the trochophore (TRO kuh for), looks very similar to
the larval stage of segmented worms, which you will study in Section 4.
Because the larval forms are similar in both segmented worms and
mollusks, scientists hypothesize that segmented worms and mollusks
are closely related.

Figure 18 The life cycle of a clam
illustrates the characteristic developmental
stages of all mollusks.

A A female clam releases eggs into B After fertilization, the trochophore
the water, where they are then larvae change into veliger larvae,
fertilized by sperm released by Both forms are free swimming.

a male clam.

€ The veliger larvae
shed their
velums—the
ciliated "sails” that
enable them to
swim-——and settle
on a surface.

D The final larval stage, the
pediveligers, develop into
adult clams.
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V b
Abatone
+ Figesre 99 Most gastropods, such as the

abalone, have single shells Tor prolection.
Bivalves, such as the scallop, have two shalls,

Yoose

o

&
i

Gastropod

gastro- prefix; from the Greek
word gaster, meaning belly

-pod suffix; from Greel;, meaning
foor .
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Bcallop

of Mollusks

Animals in the three major classes of mollusks~gastropods,
bivalves, and cephalopods—are grouped based on differences in
their shell and foot structures.

Gastropods The largest class of mollusks is Gastropoda, the stomach-
footed mollusks. The name comes from the way the animal’s large foot
Is positioned under the stomach on the ventral surface. Most species
of gastropods have a single shell, like the abalone in Figure 18. Single-
shelled gastropods also include snails, conches, periwinkles, limpers,
cowries, whelks, and cones. They can be found in aquatic habitats and
In moist terrestrial habitars, and they can quickly draw their bodies
into their shells for protection when they are threatened.

Slugs and nudibranchs do not have shells. They secrete a thick
mucus that covers their bodies. To protect themselves, land shugs
hide in dark locations under forest or garden litter. Nudibranchs
incorporate into their own tissues the poisonous nematocysts of
the jellyfishes they eat. The presence of nematocysts is advertised
to predator fishes by the bright colors of the nudibranchs.

Bivalves One word-slow—best describes most behavior of the class
Bivalvia, which are the two-shelled mollusks. Bivalves, such as
clams, mussels, oysters, and the scallop shown in Figure 48, are all
aguatic animals. Most are marine, bur some are found in freshwarer
habitats. Bivalves might seem to be inactive, bur they are continu-
ously filter feeding and carrying on all bedily functions.

If you have ever been clamming or have seen people clamming,
you know that you might have to dig deeply to find clams because
they use a muscular foot to burrow far down into wet sand. Mus-
sels attach to rocks wirh a sticky, gluelike substance called byssal
threads. Scallops are more active than other bivalves because they
can clap their shells together to move more quickly through water.

Heading Check Compare the foot and shell of a snail with those
of a clam.

{lage fatostock/SuperStock; (Andrew J. Martinez/Photo Researchers
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Cephistopods Quick is a word that best describes some behaviors
of the class Cephalopoda. Cephalopods are the head-foored mol-
lusks (from the Greek word cephalo, meaning head, and from pod,
meaning foor), which includes squids, octopuses, chambered nauti-
luses, and the cuttlefish shown in Figure 20. The chambered nauti-
lus is the only cephalopod with an external shell. Squids and
cuttlefishes have an internal shell, while octopuses do not have a
shell. The foot of a cephaloped is divided into arms and tentacles
with suckers, which are used to capture prey.

Brotection Although most cephalopods dom’t have a hard external
shell, they have evolved other protective mechanisms. Octopuses
forcefully expel water to propel themselves away from threat. They
hide in crevices or caves in the daytime. At night, they creep about
in search of prey.

When threatened, an octopus shoots out an inky substance that
forms a cloud. Scientists hypothesize that the ink visually confuses
predators, and it also might act as a narcotic. Octopuses can change
color to blend in with their surroundings. Squids and cuttlefishes
also use ink and camouflage to escape predators. A chambered nau-
titus can pull into its shell for protection. It also uses its shell as
camouflage. The dark top of the shell blends in with the acean bot-
tom when it is seen from above, while the white botrom of the
shell blends in with the water above when it is seen from below.

Learning Octopuses are considered to be the most intelligent mol-
Jusks. They are capable of complex learming, such as being trained to
select an object of a certain shape, color, or texture. See Data &nalysis
Lab 2 to study this phenomenon.

PBATA ANALYSIS LAB

Based on Beal Dala™

Can untrained octopuses learn to select cer-

tain objects? Two groups of octopuses were
trained to select either a red ball or a white

kall. Each trained group was observed by different
groups of octopuses that were not trained.

Data and CGhservations

The graphs show the resuits of untrained
octopus selection of white or red balls.
Think Critically

1. Analyze What percentage of octopuses
selected the red ball or the white ball after
observing the red ball being selected?

Paercent of choices made

2. &nalyze What percentage of octopuses
selected the red ball or the white ball after
observing the whiie ball being selected?

3. Draw Conclusiors Can untrained octopuses
learn by observation? Explain.

Porcent of choices made

“Data obtained from: Fiorito, G. and P. Scotto. 1992,
Observational leaming in Oclopus vulgaris. Science 256: 545-547,

Cuitiefish

¢ Figure 20 Cuttiefish have eight arms and
two tentacles. The tentacles often are not visible
because they are withdrawn into pouches under
the eyes.

Comipare the differences between ceph-
alopods and gastropods.

Rad White  No choice

Red White

No choice
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Ecology of Mollusks

iMiollusks play important roles in aquatic and terrestrial food chains as
herbiveres, predators, scavengers, and filter feeders. Tn many areas, cer-
tain mollusks are considered keystone species. A keystone is the
stone at the top of an arch that holds the arch rogether, so a keystone
species is one whose health infiuences the health of the entire eco-
system. For example, the hard clam is a keystone species for the Great
South Bay in Long Island, New York. These clams filter warer, which
cleans the ecosystem. If the hard clam popularion declines, the water
isn't filtered. This disruprs the food web, causing algal blocms and a
decline in water quality.

The ability of some mussels to accumulate toxins in their body
tissues can be useful to scientists who are monitoring water qual-
ity. By examining these mollusks, scientists can find cut more
about water quality than they could by testing the water alone.

Cone snails, as shown in Figure 24, are highly prized by collectors for

' Figure 24 Cone snaflsare prized fortheir  © the beauty of their shells. As a result, they might be close to extinction.
heauty. : .

Certain cone snails produce powerful
venom to kill prey. These venoms are being studied as potential
treatmnents for pain, heart disease, clinical depression, and brain dis-
eases, such as Alzheimer’s disease, Parkinson’s disease, and epilepsy.

Some mollusks cause damage, while others benefit humans. Some
marine bivalve species, such as the shipwormm, burrew into wood,
causing much damage to wooden marinas and boats. On the other
hand, people enjoy beautiful pearls that come from oysters. Pearls
result when a grain of sand or a tiny parasite becomes trapped in an
oyster. The mantle of the mollusk secretes a coating around the object
to protect the mollusk, resulting in a pearl. Cultured-pear! producers
implant pieces of shell or tiny plastic spheres in oysters and harvest
the cultured pearls in about five to seven years.

zgsment

Zection Summary Understand Main ldeas

& Mollusks were the first animals in the course 1. Sumimarize the main features of the three classes

of evolution to develop & coelom.

of mollusks.

R

® Mollusks are divided into three main classes - 2. Ewaluate the ways in which the development of the coelom allowed for

hased on different characteristics. : adaptations in mollusks that were not possible in 2arlier animals.
@ Mollusks have two body features that - 3. Draw a diagram of a representative mollusk and show the main evolutionary

ne other animals have—a mantle and a : adaptations common to moliusks.

muscular fool. - 4. Analyze the importance to mollusks of the following adaptations; the mantle,
@ Mollusks have more-developed organ . mucus, and the muscuiar foot.

systems than those of roundworms and flat- «  Fhyjpk Critically

WOTTHS. - B, Designan experiment A species of bivalves on one beach is a pale color
@ Mollusks play important rofes in the . compared to the same species that is a much darker color on a beach 1100

ecosystems in which they live. . kim to the north. Design an experiment that might explain the differences in

shell coler,

. 6. Classify Make & dichotomous key that would distinguish the differences
. among the three classes of mollusks.

Gary MeszarosfPheto Researchers
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Essential Buestions

@ What are the similarities among
segmenied worms, flatworms, and
roundwaorms?

& What is the importance of
segmentation as an adaptation for
survival in segmented worms?

@ \What are the features of the three
main classes of annelids that make
them well-suited for their habitais?

Review Vocabulary

protosteme: an animal with a mouth
that develops from the opening in the
gastrula

Mew VYocabulary

crop
gizzard
seta
clitellum

| Miutiilingual eGlossary

- Figure 22 Annelids, like these marine

worms, show protostome development,
have coeloms, and are segmented.

sponges
rotifers

n
=
-y
- H
=
L

maollusks

w
=
=
3]
=
Z
R
B

chidarians

roundwortis

Ancestral protist

arthropods

coelomates

“Hechinoderms

: Segmented worms have segments that aliow for
specm lization of fissues and for efficiency of movement.

Real-Werld Reading Link Suppose that you watch a train as H roars around

a curve. The train wiil follow the curve of the track because it is made up of individual
cars that are linked together. The links give the train the flexibility it needs to stay on
the track. In the same way, the individual segments that make

up a segmented worm enable it to be flexible.

ody Structure

Earthworms are annelids and belong to phylum Annelida, which is
characterized by animals with a body plan consisting of segments,
As shown on the evolutionary tree in Figure 22, both mollusks and
annelids undergo protostome development and therefore are con-
sidered close relatives.

There are more than 11,000 known species of annelids, most of
which live in the oceans. Most of the remaining species are earth-
worms. Annelids live almost everywhere, except in the frozen soil
of the polar regions and in the sand of dry deserts.

Annelids include earthworms, marine worms, such as the cnes
shown in Figure 22, and parasitic leeches. These worms are differ-
ent from flatworms and roundworms because they are segmented
and have a coelom. Most annelids also have a larval stage that is
similar to those of certain mollusks, suggesting a common ancestor,
Annelids have bilateral symmetry, like flatworms and roundworms,
and have two body openings, like roundworms.

Reading Check Describe two important ways in which segmented worms
are different from flatworms and roundworms.

Iichordates

Fan worm

Bristleworm
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Yirtual Lab

= Figure 28 As an earthworm pushes
through the soil, it takes soil into its mouth.
Nutrients are absorbed from the organic matter
in the soil as it passes through the intestine.

Animation

746 Chapter 25 - Worms and Moliusks

Bven though annelids have the same cylindrical body shape as
roundworms do, annelid bodies are divided inte segmenis. Exter-
nally, the segments look like a stack of thick coins or a stack of
donuts. Inside the worm, the segments are divided almost com-
pletely from each other by walls of tissue, similar to the way that
walls separate the segments of a submarine. Each segment contains
structures for digestion, excrerion, and locomotion. The {luid
within the coelom of each segiment makes a rigid support system
for the worm similar to the rigidity of a filled water balloon.

This rigidiry in annelid segments creates a hydrostatic skeleton that
muscies can push against. Segmentation also pernmits segments to move
independently of each other and enables a worm ro survive damage to
a segment, because other segments with the same functions exist.

Segments can be specialized, and groups of segments might be
adapted to a particular function. For example, some segments might
be adapted to sensing, while others are adapted to reproduction.

As you continue to study annelids, earthworms will be used o
show examples of typical annelid features.

' Reading Check Explain how segments relate to a hydrostatic skeleton,

Feeding and digestion Running through ali earthworm segments
from the mouth to the anus is the digestive tract, a tube within a
tube. Locate the digestive tract in the earthworm in Figure 23. Food
and soil taken in by the mouth pass through the pharynx into the
crop, where they are stored until they pass to the gizzard. The
gizzard is a muscular sac containing hard particles that help grind
soil and food before they pass into the intestine. Nutrients are
absorbed in the intestine, then undigested material passes out of the
worm’s body through the anus. Parasitic annelids have pouches
along the digestive tract that hold enough food to last for months.

Ventral blood vessel

Intestine Nephridia



Clrenlatisn Unlike most moliusks, most annelids
have a closed circulatory system. Oxygen and nuurk
ents move to various parts of their bodies through
their blood vessels. At the same time, carbon dioxide
and metaboelic wastes are removed from the bloed and
excreted. Some of the vessels at the anterior end, or
head, are large and muscular, as shown in sigure 24,
and serve as hearts that pump the blood. The bicod
moves toward the anterior end of the worm in the
dorsal blood vessel and toward the posterior end in
the venrtral blood vessel.

Respivation and exeretion Farthworms take in
oxygen and give off carbon dioxide through their
moist skin. Some aquatic annelids have gills for the
exchange of gases in the water. Segmented worms
have two nephridia—similar to those in mollusks—in
almost every segment. Cellular waste products are
collected in the nephridia and are transported in
tubes through the coelom and out of the body.
Nephridia also function in maintaining homeostasis of
the body fluids of annelids, ensuring thar the volume
and compaosition of body fluids are kept constant.

Hesponse to stimuli In most annelids, such as

the earthworm, the anterior segments are modified for
sensing the environment. The brain and nerve cords,
compeosed of ganglia, are shown in the earthworm in
Figure 23. You might have seen an earthworm quickly
withdraw into its burrow when you shine a flashlight
on it or step close to it. These observations show that
earthworms can detect both light and vibrations.

Movement When an earthworm moves, it conrracts
circular muscles surrounding each segment. This
squeezes the segment and causes the fluid in the
coelom to press outward, like paste in a tube of
toothpaste being squeezed. Because the fluid in the
coelom is confined by the tissues between segments,
the fluid pressure causes the segment to get longer
and thinner. Next, the earthworm contracts the lon-
gitudinal muscles that run the length of its body.
This causes the segment to shorten and return to its
ariginal shape, puiling its posterior end forward and
resulting in movement.

Many annelids have setae on each segment.
Setae (SEE tee) (singular, seta), as shown in Figure 28,
are tiny bristles that push into the soil and anchor the
worm during movement. By anchoring some segments
and retracting others, earthworms can move their
bodies forward and backward, segment by segment.

Heading Check Describe how iongitudinal and
circular muscles work together to enable an earth-
worm tc move,

iouth
Hearts ~
Crop
Gizzard
Darsal blood
Intestine vesse|
Clitelium

3\

- Figusre 24 An earthworm has five hearts that pump blood
through its circulatory system.

Launch Lab

Review Based on what you've read
about earthworm movement, how would
you now answer the analysis questions?

Figure 28 This earthworm cross section shows how the setae
extend from the body. Setae dig into soil and anchor the worm as it
pushes forward.

Evaluate whether an earthworm would move faster on o
rough or o smooth surface,
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Beproductien Annelids can reproduce both sexually and asexually.
Most annelids have separate sexes, but some, such as earthworms and
leeches, are hermaphrodites. Sperm are passed between two WorTns
near segments called the clitella (singular, clitellum). Refer to Figure 23
and notice that the chitellurn is a thickened band of segments. It pro-
duces a cocoon, like the one shown in Figure 2&, from which young
earthworms hatch. Sperm and eggs pass into the cocoon as it slips for-
ward off the body of the worm. After fertilization, the young are pro-
tected in the cocoon as they develop. Some annelids reproduce
asexually by fragmenrarion. I a worm breaks apart, the missing parts
can be regenerated.

- Plgure 28 After developing in the cocoon
for two to three weeks, a young earthworm
hatches,

iversity of Annelids

The phylum Annelida is divided into three classes: class
Oligochaeta (ohl ih goh KEE tuh)-the earthworms and their rela-
tives, class Polychaeta (pah lih KEE tuh)-the bristleworms and
their relarives, and class Hirudinea (hur uh DIN ee uh)-the leeches.

Earthworms and their relatives Parthworms probably are the
bestknown annelids. They are used as bait for fishing and are

fze ¢ found in garden soil. An earthworm can eat its own mass in soil
Incorporate information  §  every day. Earthworms ingest soil to extract nutrients. Iz this way,
from this section into  earthworms aerate the soil-they break up the soil to allow air and

your Foldable.

water to move through it.

In addition to earthworms, class Oligochaeta—the oligochaetes
(AH lee goh keetz)-includes tubifex worms and lumbriculid worms.
Tubifex worms are small, threadlike aquatic annelids that are com-
mon in areas of high pollution. Lumbriculid (lum BRIH kyuh lid)
worms are freshwarer oligochaetes that are about 6 cm leng and live
at the edges of lakes and ponds. You can observe a feature common
to oligochaetes in MiniLab 2.

Minilab

@héewe

How does blood flow in a segmented worm? The California blackworm has a closed circulatory system and a
transparent boedy. Iis blood can be viewed as it flows along the dorsal blood vessel.

Procedure "o B3 IF3 BE
4. Read and complete the lab safety form.
Moisten a piece of filter paper with spring water and place it in a Petyi dish,

low in a Segmented Worm

2,

3. Examine a blackworm on the moifst paper using a stereomicroscope.

4, Locate the dorsal biood vessel in a segment near the midpoint of the worm. Observe how blood flows in
gach segment.

E. Use a stopwaich to record how many pulses of blood occur per minute. Repeat this for twe more seg-
ments, one near the head and one near the anus of the worm. Record your data in a table.

Analysis

4. Summarize how blood moves through each segment, including the direction of blood flow.

2. Compare and contrast the rate of blood flow near the head, at the midpoint, and near the anus of the
WOrm.
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Bristleworm Fan worms © Figure 27 Note the paddlelike parapodia
on the bristleworm, which are used for swim-

Marine annelids Polychactes (PAH lee keetz), which belong to class  : ™nd and cawling. Fan worms withdraw quickly
. . . . : ¢ into their tubes when there is a disturbance in

Polychaeta, mainly are marine animals. They include bristleworms and the water

fan worms, shown in Figure 27. Polychaetes have head regions with

well-developed sense organs, including eyes. Most body segments of

polychaetes have many setae. Most body segments also have a pajr of

appendages called parapodia, shown in Figure 27, which are used for

swimming and crawling. Fan worms are sessile—they stay in one

place—and are filter feeders. They trap food in the mucus on their

fan-shaped structures. If there is a threat nearby, fan worms retreat

into their tubes.

Leeches Asshown in Figure 28, leeches in class Hirudinea are
external parasites with flattened bodies and usually have no setae. Most
leeches live in freshwater streams or rivers, where they attach to the
bodies of their hosts—including fishes, turtles, and humans. Leeches
attach to their hosts using front and rear suckers. When a leech hites,
its saliva contains chemicals that act as an anesthetic. Other chernicals
in the saliva reduce swelling and prevent the host’s blood from clotting.

Reading Check Describe the habitats of the three classes of annelids.

- Figure 28 Aleech uses its suckers to
attach to its host and feads by drawing bload
into its muscular pharynx.

Compare and contrast the feeding
methods of leeches and tapeworms.

Leech
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Convert

to change from one form to another
Through photosyrithesis, plants convert .
water and carbon dioxide 1o sugar and
oxyger.

Ecology of Annelids
Segmented worms play important roles in the ecclogy of ecosystems.
Some are beneficial to plants and animals, while others benefic humans.

Barthworms Many different animals, including frogs and birds, eat
earthwormms as a part of their diets. Earthworms also mix leaf litter
into soil, aerating it so that roots can grow easily and water can move
through the soil efficiently. Both functions are important for healthy
ecosystems. However, nonnative earthworins are moving into areas,
especially northern forests, where they are altering ecosystems in
harmful ways. The consumnption of leaf litter on forest floors by nonna-
rive earthworms removes the shelter and moisture needed by many
native plants and animals. Earthworms can be introduced into new
habitars inadvertently by fishers and gardeners when the earthworms
left from a day’s fishing are dumped on the ground, or when a nursery
plant from another part of the country is planted in a home garden.

Folychastes Marine polychaetes help convert the organic debris
of the ocean floor into carbon dioxide. Marine plant plankton take
in carbon dioxide and use it during photosynthesis. Marine poly-
chaetes are an important part of the diet of many marine predators.

Hirudinea Leeches have been used as medical treatments for cen-
turies. They were used to suck blood out of patients who were
believed to be ill because of an excess of blood. Today, leeches are
used after microsurgical procedures to prevent blood from accumu-
lating in the surgical area. However, there are drawbacks to using
leeches. They have a small feeding capacity and must be replaced
often. They can cause bacterial infections, and many people cringe
at the thought of having a leech attached to them. To solve these
problems, a nonliving mechanical leech has been designed to do
the work of the animal. Table 4 summarizes the ecological benefirs
of earthworms, polychaetes, and leeches.

Reading Check Evaluate the effects of removing polychaetes from
oceans,

Earthworms

Polychaetes

Leeches

Ecclogical importance of Annelids

tnteractive Table

- Few setae on mest body Terrestrial « They aerate soll so roots can grow
segments more easily and water can move
efficiently.
» They are food for many different
animals.
« Well-developed sense Mainly - They convert organic debris in
organs marine oceans into carbon dioxide, which is
- Many setae on most body used by marine plankton for
segments photosynthesis.
« Parapodia
- Usually no setae on body  Mainly « They maintain biood flow after
segments freshwater microsurgery.

» Front and rear suckers

780G Chapter 25 - Worms and Mollusks




Bivalvia Gastropoda Cephalopoda Polychaeta Oligochasia Hirudinea

pore 5 - Reduction = Posterior
hell % # £ hel Parapodia - | body sucker
Loss of & she iy of shell 3 Y
0s5 01 % colling % Y
radula % W Y

A

Shell coiling

Ancestral mollusk Ancestral annelid

Mollusk Cladogram Annelid Cladogram

. = Figure 29 These cladograms show how
volution of Mollusks and Annelids moliiks and annelids mightiave evolved.
In Figure 28, the cladogram on the left is one interpretation of the :
evolution of mollusks. As shown, gastropods have more shell coiling
than cephalopods do. In shell coiling, the shell grows in a circular
manner, making it more compact and more stable than an: uncoiled
shell. Cephalopods have a reduced shell. Bivalves are considered to
have evolved later than gastropods and cephalopods because they
lack a radula.

The cladogram on the right in Eigure 2@ is one interpretation of
the evolution of annelids. In this interpretation, early segmented
worms—the polychaetes—developed parapodia in the course of their
evolution. Later annelids—the oligochaetes and leeches—developed
clitella. Leeches developed posterior body suckers even larer.

Section Sununary . Understand Main ideas
@ Two main body features characterize anne- 1 Summarize how segmentation was an important evolutionary
lids and distinguish them from roundworms 7 milestone.
and flatworms. 2. Compare and contrast earthworms to flatworms and roundworms.,
@ There ere three main classes of annelids . 3. Model Using clay or salt dough, make models of typical examples from the
based on distinctive feaiures. . three classes of annelids. Describe the adaptations that enable each annetid
@ Segmentation is an adaptation important to to five in its environment.
evolution. . 4. Summarize how earthworm muscles interact to cause movement.
@ Annelids are important parts of tarrestrial Think Critically

and marine habitats. . B, Hypothesize Form a hypothesis about what might happen to a farm field if

earthworms suddenly disappeared.

. 6. Compare and contrast circulation in annefids and moilusks.

> Biclogy

7. Wite a paragraph explaining why leeches might be used after microsurgical
. procedures based on what you know about leech saliva.

Online Quiz Section 4 » Segmented Worms 754
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The Search for the Giant Squid

For centuries, sailors told stories of encounters
with fearsome monsters while on leng sea
voyages. Today, scientists acknowledge that two
species of squid might be the real-iife animals
furking bhehind the old sailors’ tales. The giant
squid (Architeuthis dux) and colossal squid
{Mesonychoteuthis hamilfoni) are rarety seen in
the wild because they live at extreme depths.
Most specimens studied by scientists were
washed up on beaches or caught in deep-sea
fishing nets.

Marine biologist Steve O'Shea discovered that
giant squid can grow up o 12.8 meters in length.
They are thought to be the largest invertebrates
in the world. Colossal squid are shorter but often
weigh more than giant squid. Both species have
eight arms and two tentacles covered with
sucker rings or hooks for catching prey.

On a research expedition in 2600-2001, O’'Shea
sailed the waters around South Island, New
Zealand. He searched for tarval giant squid,
which are 9 10 13 mm in size. He intended to
raise the squid in caplivity to study its life cycle.
Although he caught several larval giant squid,
none have survived in captivity.

Other scientists have made breakthroughs in
the study of giant squid. In September 2004, a
ship crewed by two Japanese scientists
foliowed a group of sperm whales, known
predators of glant squid, to a spot about

600 miles southeast of Tokyo. The scientists,
Tsunemi Kubodera and Kyoichi Mori, lowered a
baited fishing line into the ccean and walted.

752 Chapter 25 - Worms and Moliusks

This image, taken by Japanese scientists in 2006, shows a
giant squid as it is hauled on board a research vessel.

When a giant squid took the bait, they raised
the ling and took photos of the squid as it
struggled 1o free itself. The 25-foot-long squid
eventually tore itself free, but it left behind one
of its tentacles, which scientisis later studied.

As O'Shea, Kuboedera, and other scientists
continue to search for and study giant and
colossal squid, they likely will add to our
knowledge of these animals. This new
knowledge will bring them from the realm of
myths into the light of scientific inquiry.
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HOW DO WORMS AND MOLLUSKS MOVE?

Background: The worm and mollusk phyla
display wide diversity in behavior and physi-
cal characteristics. Throughout this chapter,
you have heen introduced to some of the
vartous species that make up these phyla. In
this lab, you will compare the form of move-
ment ysed by a flatworm (a planarian}, a
roundwaorm (& vinegar eel), a mollusk {a fand

snail}, and a segmented worm {a blackworm).

Guesticn: What kind of motion do worms and

molfusks display?

Materials

plastic droppers (2}

petri dish (1 or 2)

microscope slide (1 or 2)

coverslip (1 or 2)

500-mL beaker

magnifying lens

dissecting microscope

light microscope

spring water or aged tap water (500 mL)

live cultures of planaria, vinegar eels, land

snails, and blackworms

Safety Precautions

0 B 3 |

WARNING: Be sure to trear live animals

in a humane manney at all times. Use
caution when working with a micre-
scope, glass slides, and coverslips.

Procedurs

1. Read and complete the lab safery form.

2. Create a data table to record your
cbservations.

3. Observe the movement of a flatworm by

placing it in a drop of warer in a peui
dish or on a slide with ne coverslip.

Bick.ab

. Make a wet mount of a vinegar eel and

observe irs movement under low-
power magnification.

. Place a land snail on a petri dish.

Gently tip the dish to observe the
snail’s movement from underneath.

. Place a blackworm on a moist paper

rowel and observe it with a magnifying
lens.

Place the blackworm in a beaker of aged
tapwater and observe its movement.

. Record your observations in your data

table.

Cleanup and Disposal Wash reus-
able marerials and place them where
your teacher directs. Rerurn all live
specimens to the cultures provided by
your teacher.

Analyze and Conclude

1.

Compare and contrast the move-
ments of the flatworm, roundworm,
land snail, and segmented worm.

. Imfer how the forms of the flatworm,

roundworm, land snail, and segmented
worm are designed to enable the ani-
mals to move.

. Describe whar happens to each

segment of the blackworm as it crawls
on land.

. Compare the forward and backward

motion of the blackworm on land. How
mighrt this be an adaptation for survival?
infer how the blackworm mighrt be
able 1o escape from predators in the
warter,

APPLY YOUR SKILL

Experiment Design an experiment that you
could perform to investigate how
temperature affects worm and mollusk
movement. If you have all the materials you
will need, you might want to conduct the
experiment.

BioLab



pharynx {p. 727}
fiame cell {p. 727)
ganglion (p. 728)
regeneration {p. 728)
scolex (p. 730)
proglotiid {p. 730)

hydrostatic skeieton (p. 732}
trichinosis {p. 733}

mantle (p. 737}

vadula {p. 738)

giil {p. 738}

open circulatory system {(p. 739}
clased circulatory system (p. 739)
nephridium {p. 739)

siphion (p. 741)

crop (p. 746}
gizzard [p. 74G)
seiae {p. 747)
cliteltum (p. 748)

T Flasworms are thin, flat, acoelomate animals that can be
free-tiving or parasitic.

« Flatworms were among the first animals to exhibit bilateral symmeutry.
o Flatworims are acoelomates with limited numbers of organs and systems.
= Some flatworms are free-living, and others are parasitic,
» Flatworms that are parasiric have specialized adaptations for

parasitic Hfe.

CERUEER Reundworms and retifers have a more highly evalved gui
than flatworms.

» Roundworms are closely related to flatworms.

« Roundworms, likke flatworms, have a limived number of organs and
systeins.

» Roundwarms are either free-living or parasitic.

s Roundworins caunse many human and plant diseases.

s Rotifers are pseudocoelomates that appear on a different branch of the
evolutionary tree from that of roundworms.

: Mollusks are coelomates with a muscular foot, a mantle, and
a digestive tract with two openings,

« Mollusks were the first animals in the course of evolution to develop a
coelom.

» Mollusks are divided into three main classes based on different
characteristics.

« Mollusks have two body features that no other animals have-a mantle
and a mmscular foot.

o Mollusks have more developed organ systems than those of
roundworms and flatworms.

« Mollusks play important roles in the ecosystems in which they live.

- Segmenied worms have segments that allow for

specialization of tssues and for efflciency of movement.

» Two main body features characterize annelids and distinguish them
from roundworms and flatworms.

« There are three main classes of annelids based on distinctive features.

» Segmentation is an adaptation important to evolution.

« Annelids are important parts of terrestrial and marine habirats.
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Yocabulary Review

Use what you know abour the vocabulary terms found on
the Study Guide page to answer the following questions.

1. Whar is a group of nerve cell bodies that
coordinates ingoing and outgoing messages?

2. Whart is a tubelike muscular organ that releases
digestive enzymes?

3. What structure atraches to the intestinal lining
of a host with hooks and suckers?

Undersiand Main ldeas

Use the diagram below to answer question 4.

4. What funcrion does the strucrure in the
diagram perform?
A. digestion
B. movement

€. maintains homeostasis
D. provides support

5. Which animals have proglottids?
A. flukes C. rapewcrms
B. planarians D. roundworms

6. Which classification fits a flarworm that is
free-living?
A. Turbellaria
B. Cestoda

C. Trematoda
. Nemartoda

7. Which is not involved in planarian movement?
A, cilia C. mucus
B. muscles D. flame cells

Constructed Response

8. Open Ended A cerain rapeworm secretes a
chemical that slows the intestinal pulsations of
its host. This helps to ensure that the tapeworm
is not expelled from the body of the host.
Explain how adding this chemical to a drug for
humans might increase the drug’s effectiveness,

Onfine Test Practice

9. AR Design a parasitic worm for an ani-
mal that lives in the desert. Remember 1o con-
sider how the animal will contract the parasire
and how the parasite will stay wirhin its host.

Think Critically

j Design an
experiment that could determine whart a planar-
jan prefers to ear.

Section 2 AN

Each of the following sentences is false. Make each
sentence true by replacing the italicized word with a
vocabulary term from the Study Guide page.

11. Roundworms are bilaterally symmetrical, cylin-
drical, and have segmented bodies.

12. Schistosomiasis can be prevented by cooking
meat properly.

13. A fluid-filled space that provides rigid suppor
for muscles to work against is an exoskeleton.

Understand Main ldeas
Use the diagram below to answer questions 14 and 15.

14. Which feature of roundworms is illustrated in
the diagram above?
A. pseudocoelom
B. scolex

C. circulatory system
D. nervous system

15. The feature in the diagram led to which
adaptation in roundworms?
A. a coelom C. a mantle
B. agut D. segments
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Lonstructed Response

16. Short Answer Make a diagram that shows the
life cycle of a beef tapeworm.

17. Open Ended Select a human parasite and
indicate with a key on a map of the world
where the parasite is most common. Research
online to find information.

Think Critically

18. Concept Mapping Make a concept map that
uses the following words: nematode, pseudo-
coelomate, digestive tract with two openings,
parasitic, free-living, lengthwise muscles, host.

19.

the Garden How could you determine whether
it is a flatworm or a roundworm?

Section 2 ——

Yocabulary Review

An analogy is a comparison relationship between 1o
pairs of words and can be written in the following man-
ner: A is to B as C is to D. In the analogies that follow,
one of the words is missing. Complere each analogy
with a vocabulary term from the Study Guide page.

20. Kidney is to metabolic wasteas s
to cellular waste.

21. Tongue is to candy as is 1o algae.

22. Legs are 1o running as is 1o

jet-propelled swimming.

Understand Main ldeas

23. If the mantle of a bivalve was damaged, the bivaive

would not be able to perform which function?
A. maintain its shell

B. digest food

€. circulate blood

D, excrete wastes

24. Which word pair is related most closely?
A. shell, circulation
B. radula, feeding
C. jet-propelled swimming, bivalve
D. open circulatery systermn, octopus

758 Chapter 25 - Assessment

Suppose that you find a tiny worm in

Use the diagram below to answer questions 25 and 26.

spenges
ratifers
___;r!_éllusks
annelids
chordates

flatwoims
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=
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- arthropods

n
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t

=
&

£
=1
G
©

sroundwerms

TN
pratostormes

coelomates

Ancestral profist

25, The phylogenetic tree of animals
shows that moliusks have which feature?
A. apseudocoelom  C. a solid body
B. a coelom D. shells

26. Which group is related most closely to mollusks?
A. nematodes €. annelids
B. enchinoderms D. chordates

Constructed Response

27. Open Ended Make a dichotomous key to
identify mollusk shells that you find in pictures
in books about animals, shells that you have
collected, or shells that your teacher suppiies.

Think Cri%écaﬁ%y

{ ! BPEGREATEY Marine biclogists
know LhaL zebla mussels are pests in many aquatic
ecosystems. They form ultradense colonies and
can clog pipes leading to warer-treatment and
industrial plants. However, some marine biclogists
hypothesize that because the mussels live in such
dense groups, they might serve as water-purifica-
tion systems in places such as zoo ponds and
other park ponds that have excessive algal blooms
in the summer. Design an experiment that would
determine whether zebra mussels could be used
o purify water.

Online Test Practice
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Vocabulary Review

An analogy is a comparison relationship betieen tio
pairs of words and can be written in the following man-
ner: Ais to B as Cis to D. In the analogies that follow,
one of the words is missing. Complete each analogy
with a vocabulary term from the Study Guide page.

29 Teetharetohumanas______ isto

earthwaorm.
30.Cocoonistobutterflyas . isto
earthworm.
3%. Vacuole is to protistas ______isto
earthworm.

Understand Main fdeas
Use the diagram below to answer questions 32 and 33.

32. Which animal is illustrated in the diagram?
A. roundworm C. polychaete

B. leech 0. earthworm

33. Whar feature is characreristic of this ariimal
A. foor C. sucker
B. parapodia D. shell

Ceonstructed Response

If global warming continues, predict
how earthworms might change as a result of
natural selection.

Think Critically

35,4, Rheumatclogists,
doctors who treat arthritis, have chserved that
when leeches are applied for a short time to
the skin near joints of people affected with
arthritis, pain is relieved for up 10 six months.
Design an experiment that could explain this
phenomenon.

Online Test Practice

Surmmiative Assessment

Worms have evolved to have a
variety of adaprations for living as parasites or
for living in water or soil. Give an example of
a worm that is parasitic, a worm thart lives in
soil, and a worm that lives in water. Then,
describe a characteristic of each that makes it
well suited for that environment.

37. Draw diagrams of a typical example from
each of the three classes of mollusks and
label the distinctive characteristics.

38. Suggest ways to avoid becoming the host of a
flatworm.

»Biclogy Research mollusks
that live in areas of hydrothermal vents.
Write a report emphasizing the differences
berween hydrothermal vent mollusks and
those that live in the habitats you studied in
this chaprer.

Bocument-Based Questions

The data below represent the percentages of the

three main classes of flatworms.

Dala obtained from: Pechenik, J. 2005. Biology of the Invertebrates, New York:
MeGraw-Hil.

Turbeiizria

Cestoda

Trematoda

40. Approximately what percentage of flatworms
are flukes?

41. Which group of flatworms has the least num-
ber of species?

42. Infer why there might be so many more of
one kind of flatworm than any other kind.
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Standardized Test Practice

Cumulative

1. During dry weather, pieces of a moss might be scatr-
tered by the wind. When it rains, these pieces can
grow into new plants. Which process does this
dispiay?

A. alternarion of generations
B. gametophyte reproduction
C. sporophyte generation

D. vegertative reproduction

Use the diagram below 1o answer questions 2 and 3.

2. In which phylum does the animal shown in the
figure belong?

Annelida

Nematoda

Platyhelminthes

Rotifera

Dnwe

3. Roundworms differ from the organism shown above
because roundworms have which characteristic?

a complete digestive tract

the inability to live in freshwater

a smaller body size

a body surface covered with cilia

Onw R

4. Which is one characteristic of all cnidarians?

. Their tentacles contain cnidocytes.

Their tenracles contain fibroblasts.

They live only in freshwater environments.
They spend some time as sessile animals.

Do® e

5. Which is an example of a nastic response?
A. bamboo plants growing toward a light
B. corn plant roots growing dewnward
C. sunflowers tracking the Sun
. vines growing up a tree

788 Chapter 25 - Assessment

Use the diagram below to answer question 6.

{ multicellufarity

Ancestral protist

6. Which body structures are typical of all the ani-

mals above Point A on the evolutionary tree?
A. cell walls

B. coeloms

C. tentacles

. tissues

. How does an aggregate fruit, such as a blackberry

or strawberry, formg?

A. when a flower has mulitiple female organs
that fuse together

B. when a fruit has multiple seeds that fuse
together

C. when multiple flowers from the same plant
fuse together

. when multple simple fruits fuse together

. How do hornworrts differ from other nonvascular

plants?

A. Their cells allow nutrients and water to move
by diffusion and osmosis.

B. Their celis can contain a type of cyanobacteria.

C. They can be classified as either thallose or

leafy.

D. They have chloreplasts in some of their cells,

Standardired Test Practice




Use the diagram below to answer guestions 9 and 10.

Seed 1 Sead 2

9. Name the parts of these seeds.

14, Which seed is a monocot and which is a eudi-
cor? How do you know?

11. Explain why squids and clams are both included
in phylum Mollusca even though they appear to
be very different kinds of animals.

12. What is one thing that humans can do to pre-
serve reefs? Explain your reasoning.

13. Specify an exampie of an ancestral character and
a derived character that angiosperms have.

14. Describe the alternation of generations in plants.

15. Describe how cellular slirne molds reproduce.
Identify whether this process is sexual or asex-
ual. Assess how this form of reproduction is ben-
eficial for cellular slime molds.

k6. List two reasons why animals benefit from segmen-
taticn. Assess the importance of these benefits.

17. Suppose that you are a scientist trying to deter-
mine the water quality of a river where mussels
live. What dara could you collect from the mus-
sels to determine the quality of the river waten

Schistosomiasis is caused by flukes, which have
complex life cycles involving specific freshwarer
snail species as intermediare hosts. Infected snails
release large numbers of minure, free-swimming
larvae (cercariae) thar are capable of penetraring
the unbroken skin of a human host. Even brief
exposure 10 contaminated freshwater, such as wad-
ing, swimming, or bathing, can result in infection.
Hurnan schistosomiasis cannot be acquired by
wading or swimming in salt warer (oceans or seas).
The cercariae of birds and aquatic mammals can
penetrate the skin of humans who enter infested
freshwater or salt water in many parts of the
world, including cool, temperate areas. The cer-
cariae die In the skin but may elicit a puritic rash
(“swimmer’s itch” or “clam-digger's itch™).

Using the informarion in the paragraph above,
answer the following question in essay formar.

18. Schistosomiasis is a disease that is moest com-
mon in sub-Saharan Africa, the Philippines,
Northern China, and Brazil. Propose a plan to
control this disease in 4 specific area. What
steps would need to be taken to keep people
from: getting the disease? Develop a plan and
explain it in a weil-organized essay.

23112531252 (243|2231243(233
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Standardized Test Practice
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