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different types of land 
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The Benefits of Wildfires
Ecosystems are places where organisms,
including humans, interact with each other
and with their physical environment. In
some ecosystems, wildfires are an essential
part of the physical environment. Organisms
in these ecosystems are well adapted to the
changes that fire brings, and can benefit 
from wildfires.

What traits might plants on this
burning Montana hillside have that enable them to survive?
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Primary and Secondary
Succession Make the following
Foldable to help you illustrate

the main ideas about succession.

Fold a vertical 
sheet of paper 
in half from top 
to bottom.

Fold in half from 
side to side with 
the fold at the top.

Unfold the paper 
once. Cut only the 
fold of the top flap 
to make two tabs.

Turn the paper 
vertically and label
on the front tabs 

as shown.

Illustrate and Label As you read the chapter,
define terms and collect information under the
appropriate tabs.

STEP 4

STEP 3

STEP 2

STEP 1

1. Examine a healthy houseplant in your 
classroom or home.

2. Describe the environmental conditions 
found in your classroom or home. For 
example, is the air humid or dry? Is the
room warm or cool? Does the temperature
stay about the same, or change during 
the day?

3. Using observations from step 1 and 
descriptions from step 2, hypothesize 
about the natural environment of the 
plants in your classroom or home.

4. Think Critically In your Science Journal,
record the observations that led to your
hypothesis. How would you design an
experiment to test your hypothesis?

What environment do
houseplants need?
The plants growing in your classroom or
home may not look like the same types of
plants that you find growing outside. Many
indoor plants don’t grow well outside in most
North American climates. Do the lab below to
determine what type of environment most
houseplants thrive in.

Start-Up Activities

Preview this chapter’s content
and activities at 
blue.msscience.com

primary succession

climax community

secondary succession

climax community

William Campbell/CORBIS SygmaWilliam Campbell/CORBIS Sygma
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Ecological Succession 
What would happen if the lawn at your home were never

cut? The grass would get longer, as in Figure 1, and soon it
would look like a meadow. Later, larger plants would grow from
seeds brought to the area by animals or wind. Then, trees might
sprout. In fact, in 20 years or less you wouldn’t be able to tell that
the land was once a mowed lawn. An ecologist can tell you what
type of ecosystem your lawn would become. If it would become
a forest, they can tell you how long it would take and predict the
type of trees that would grow there. Succession refers to the
normal, gradual changes that occur in the types of species that
live in an area. Succession occurs differently in different places
around the world.

Primary Succession As lava flows from the mouth of a 
volcano, it is so hot that it destroys everything in its path. When
it cools, lava forms new land composed of rock. It is hard to
imagine that this land eventually could become a forest or grass-
land someday.

The process of succession that begins in a place previously
without plants is called primary succession. It starts with the
arrival of living things such as lichens (LI kunz). These living
things, called pioneer species, are the first to inhabit an area.
They survive drought, extreme heat and cold, and other harsh
conditions and often start the soil-building process.

■ Explain how ecosystems change
over time.

■ Describe how new communities
begin in areas without life.

■ Compare pioneer species and 
climax communities.

Understanding ecosystems and your
role in them can help you manage
your impact on them and predict
the changes that may happen in 
the future.

Review Vocabulary
ecosystem: community of 
living organisms interacting 
with each other and their 
physical environment

New Vocabulary

• succession 

• pioneer species

• climax community

How Ecosystems Change

Figure 1 Open areas that are
not maintained will become over-
grown with grasses and shrubs as 
succession proceeds.

150 CHAPTER 6 Ecosystems
Jeff Greenberg/Visuals Unlimited
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SECTION 1 How Ecosystems Change 151

New Soil During primary succession, shown in Figure 2, soil
begins to form as lichens and the forces of weather and erosion
help break down rocks into smaller pieces. When lichens die, they
decay, adding small amounts of organic matter to the rock. Plants
such as mosses and ferns can grow in this new soil. Eventually,
these plants die, adding more organic material. The soil layer
thickens, and grasses, wildflowers, and other plants begin to take
over. When these plants die, they add more nutrients to the soil.
This buildup is enough to support the growth of shrubs and trees.
All the while, insects, small birds, and mammals have begun to
move in. What was once bare rock now supports a variety of life.

Secondary Succession What happens when a fire, such as
the one in Figure 3, disturbs a forest or when a building is torn
down in a city? After a forest fire, not much seems to be left
except dead trees and ash-covered soil. After the rubble of a build-
ing is removed, all that remains is bare soil. However, these places
do not remain lifeless for long. The soil already contains the seeds
of weeds, grasses, and trees. More seeds are carried to the area by
wind and birds. Other wildlife may move in. Succession that
begins in a place that already has soil and was once the home of
living organisms is called secondary succession. Because soil
already is present, secondary succession occurs faster and has dif-
ferent pioneer species than primary succession does.

Which type of succession usually starts 
without soil?

Figure 2 Lichens, like these in
Colorado, are fragile and take
many years to grow. They often
cling to bare rock where many
other organisms can’t survive. 
Describe how lichens form soil.

Topic: Eutrophication
Visit for 
Web links to information about
eutrophication (yoo truh fih KAY
shun)—secondary succession in
an aquatic ecosystem.

Activity Using the information
that you find, illustrate or describe
in your Science Journal this process
for a small freshwater lake.

blue.msscience.com

Larry Ulrich/DRK Photo
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VISUALIZING SECONDARY SUCCESSION

152 CHAPTER 6 Ecosystems

Figure  3

In the summer of 1988, wind-driven flames like
those shown in the background photo swept
through Yellowstone National Park, scorching

nearly a million acres. The Yellowstone fire was one 
of the largest forest fires in United States history. The
images on this page show secondary succession—
the process of ecological regeneration—triggered 
by the fire.

Within weeks, grasses and other plants
were beginning to grow in the burned areas.
Ecological succession was underway.

Many burned areas in the park opened
new plots for stands of trees. This picture
shows young lodgepole pines in August
1999. The forest habitat of America’s 
oldest national park is being restored
gradually through secondary succession.

After the fire, burned timber and blackened
soil seemed to be all that remained. However,
the fire didn’t destroy the seeds that were pro-
tected under the soil.

▼

▼

▼

(l)Kevin R. Morris/CORBIS, (tr br)Jeff Henry, (bkgd.)Craig Fujii/Seattle Times 
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SECTION 1 How Ecosystems Change 153

Self Check
1. Compare primary and secondary succession.

2. Describe adaptations of pioneer species.

3. Infer the kind of succession that will take place on an
abandoned, unpaved country road.

4. Think Critically Show the sequence of events in pri-
mary succession. Include the term climax community.

Summary
Ecological Succession

• Succession is the natural, gradual changes
over time of species in a community.

• Primary succession occurs in areas that previ-
ously were without soil or plants.

• Secondary succession occurs in areas where
soil has been disturbed.

• Climax communities have reached an end
stage of succession and are stable. 

• Climax communities have less diversity than
communities in mid-succession.

Climax Communities A community of plants that is rela-
tively stable and undisturbed and has reached an end stage of
succession is called a climax community. The beech-maple for-
est shown in Figure 4 is an example of a community that has
reached the end of succession. New trees grow when larger, older
trees die. The individual trees change, but the species remain
stable. There are fewer changes of species in a climax commu-
nity over time, as long as the community isn’t disturbed by wild-
fire, avalanche, or human activities.

Primary succession begins in areas with no previous vegeta-
tion. It can take hundreds or even thousands of years to develop
into a climax community. Secondary succession is usually a
shorter process, but it still can take a century or more.

Figure 4 This beech-maple 
forest is an example of a climax
community. 

5. Solve One-Step Equations A tombstone etched with
1802 as the date of death has a lichen on it that is 
6 cm in diameter. If the lichen began growing in 1802, 
calculate its average yearly rate of growth. 

blue.msscience.com/self_check_quiz
Rod Planck/Photo Researchers
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154 CHAPTER 6 Ecosystems

Factors That Affect Biomes
Does a desert in Arizona have anything in common with

a desert in Africa? Both have heat, little rain, poor soil, water-
conserving plants with thorns, and lizards. Even widely
separated regions of the world can have similar biomes because
they have similar climates. Climate is the average weather
pattern in an area over a long period of time. The two most
important climatic factors that affect life in an area are temper-
ature and precipitation.

Major Biomes 
Large geographic areas that have similar climates and eco-

systems are called biomes (BI ohmz). Seven common types
of land biomes are mapped in Figure 5. Areas with similar cli-
mates produce similar climax communities. Tropical rain forests
are climax communities found near the equator, where temper-
atures are warm and rainfall is plentiful. Coniferous forests grow
where winter temperatures are cold and rainfall is moderate.

■ Explain how climate influences
land environments.

■ Identify seven biomes of Earth.
■ Describe the adaptations of

organisms found in each biome.

Resources that you need to survive
are found in a variety of biomes. 

Review Vocabulary
climate: the average weather
conditions of an area over many
years

New Vocabulary

• biome • temperate rain

• tundra forest

• taiga • tropical rain 

• temperate forest
deciduous • desert
forest • grassland

Biomes

Figure 5 The land portion 
of Earth can be divided into 
seven biomes.

NORTH
AMERICA

SOUTH
AMERICA

AFRICA

EUROPE
A S I A

AUSTRALIA

Equator

Tropic of Capricorn

Antarctic Circle

Tropic of Cancer

Arctic Circle

Desert
Grassland
Tropical rain forest
Temperate rain forest
Temperate deciduous forest

Taiga
Tundra
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SECTION 2 Biomes 155

Tundra At latitudes just south of the north pole
or at high elevations, a biome can be found that
receives little precipitation but is covered with ice
most of the year. The tundra is a cold, dry, treeless
region, sometimes called a cold desert. Precipitation
averages less than 25 cm per year. Winters in the
Arctic can be six to nine months long. For some of
these months, the Sun never appears above the
horizon and it is dark 24 hours a day. The average
daily temperature is about –12°C. For a few days
during the short, cold summer, the Sun is always
visible. Only the top portion of soil thaws in the
summer. Below the thawed surface is a layer of per-
manently frozen soil called permafrost, shown in
Figure 6. Alpine tundra, found above the treeline
on high mountains, have similar climates. Tundra
soil has few nutrients because the cold tempera-
tures slow the process of decomposition.

Tundra Life Tundra plants are adapted to drought and cold.
They include mosses, grasses, and small shrubs, as seen in 
Figure 7. Many lichens grow on the tundra. During the summer,
mosquitoes, blackflies, and other biting insects fill the air.
Migratory birds such as ducks, geese, shorebirds, and songbirds
nest on the Arctic tundra during the summer. Other inhabitants
include hawks, snowy owls, and willow grouse. Mice, voles, lem-
mings, arctic hares, caribou, reindeer, and musk oxen also are
found there.

People are concerned about overgrazing by animals on the
tundra. Fences, roads, and pipelines have disrupted the migra-
tory routes of some animals and forced them to stay in a limited
area. Because the growing season is so short, plants and other
vegetation can take decades to recover from damage.

Figure 6 This permafrost in
Alaska is covered by soil that
freezes in the winter and thaws 
in the summer. 
Infer what types of problems 
this might cause for people living 
in this area.

Figure 7 Lichens, mosses,
grasses, and small shrubs thrive on
the tundra. Ptarmigan also live on
the tundra. In winter, their feath-
ers turn white. Extra feathers on
their feet keep them warm and
prevent them from sinking into 
the snow.Tundra

Ptarmigan

(t)Steve McCutcheon/Visuals Unlimited, (bl)Pat O'Hara/DRK Photo, (br)Erwin & Peggy Bauer/Tom Stack & Assoc.
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156 CHAPTER 6 Ecosystems

Taiga South of the tundra—between
latitudes 50°N and 60°N and stretch-
ing across North America, northern
Europe, and Asia—is the world’s
largest biome. The taiga (TI guh),
shown in Figure 8, is a cold, forest
region dominated by cone-bearing
evergreen trees. Although the winter is
long and cold, the taiga is warmer and
wetter than the tundra. Precipitation is
mostly snow and averages 35 cm to
100 cm each year.

Most soils of the taiga thaw com-
pletely during the summer, making it
possible for trees to grow. However,

permafrost is present in the extreme north-
ern regions of the taiga. The forests of the
taiga might be so dense that little sunlight
penetrates the trees to reach the forest floor.
However, some lichens and mosses do grow
on the forest floor. Moose, lynx, shrews,
bears, and foxes are some of the animals that
live in the taiga.

Temperate Deciduous Forest Temperate regions usually
have four distinct seasons each year. Annual precipitation ranges
from about 75 cm to 150 cm and is distributed throughout the
year. Temperatures range from below freezing during the winter
to 30°C or more during the warmest days of summer.

Figure 8 The taiga
is dominated by cone-bearing
trees. The lynx, a mammal adapted
to life in the taiga, has broad,
heavily furred feet that act like
snowshoes to prevent it from 
sinking in the snow.
Infer why “snowshoe feet” are
important for a lynx.

Figure 9 White-tailed
deer are one of many
species that you can find 
in a deciduous forest. In
autumn, the leaves on
deciduous trees change
color and fall to the ground. 

(tl)Peter Ziminski/Visuals Unlimited, (c)Leonard Rue III/Visuals Unlimited, (bl)C.C. Lockwood/DRK Photo, (br)Larry Ulrich/DRK Photo
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SECTION 2 Biomes 157

Temperate Forest Life Many ever-
green trees grow in the temperate regions
of the world. However, most of the
temperate forests in Europe and North
America are dominated by climax com-
munities of deciduous trees, which lose
their leaves every autumn. These forests,
like the one in Figure 9, are called 
temperate deciduous forests. In the
United States, most of them are located
east of the Mississippi River.

When European settlers first came to
America, they cut trees to create farmland
and to supply wood. As forests were cut,
organisms lost their habitats. When agri-
culture shifted from the eastern to the
midwestern and western states, secondary
succession began, and trees eventually
returned to some areas. Now, nearly as
many trees grow in the New England
states as did before the American Revolu-
tionary War. Many trees are located in
smaller patches. Yet, the recovery of large
forests such as those in the Adirondack
Mountains in New York State shows the
result of secondary succession.

Temperate Rain Forest New Zealand,
southern Chile, and the Pacific Northwest
of the United States are some of the places
where temperate rain forests, shown in
Figure 10, are found. The average temperature of a temperate
rain forest ranges from 9°C to 12°C. Precipitation ranges from
200 cm to 400 cm per year.

Trees with needlelike leaves dominate these forests, includ-
ing the Douglas fir, western red cedar, and spruce. Many grow to
great heights. Animals of the temperate rain forest include the
black bear, cougar, bobcat, northern spotted owl, and marbled
murrelet. Many species of amphibians also inhabit the temper-
ate rain forest, including salamanders.

The logging industry in the Northwest provides jobs for
many people. However, it also removes large parts of the tem-
perate rain forest and destroys the habitat of many organisms.
Many logging companies now are required to replant trees to
replace the ones they cut down. Also, some rain forest areas are
protected as national parks and forests.

Figure 10 In the Olympic rain
forest in Washington State, mosses
and lichens blanket the ground
and hang from the trees. Wet
areas are perfect habitats for
amphibians like the Pacific giant
salamander above.

(t)Fritz Polking/Visuals Unlimited, (b)William Grenfell/Visuals Unlimited
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158 CHAPTER 6 Ecosystems

Tropical Rain Forest Warm temperatures, wet weather, and
lush plant growth are found in tropical rain forests. These
forests are warm because they are near the equator. The average
temperature, about 25°C, doesn’t vary much between night and
day. Most tropical rain forests receive at least 200 cm of rain
annually. Some receive as much as 600 cm of rain each year.

Tropical rain forests, like the one in Figure 11, are home to
an astonishing variety of organisms. They are one of the most
biologically diverse places in the world. For example, one tree in
a South American rain forest might contain more species of ants
than exist in all of the British Isles.

Tropical Rain Forest Life Different animals and plants live
in different parts of the rain forest. Scientists divide the rain for-
est into zones based on the types of plants and animals that live
there, just as a library separates books about different topics onto
separate shelves. The zones include: forest floor, understory,
canopy, and emergents, as shown in Figure 12. These zones often
blend together, but their existence provide different habitats for
many diverse organisms to live in the tropical rain forest.

What are the four zones of a tropical rain forest?

Although tropical rain forests support a huge variety of
organisms, the soil of the rain forest contains few nutrients.
Over the years, nutrients have been washed out of the soil by
rain. On the forest floor, decomposers immediately break down
organic matter, making nutrients available to the plants again.

Figure 11 Tropical rain forests
are lush environments that contain
such a large variety of species that
many have not been discovered.

Modeling Rain
Forest Leaves
Procedure
1. Draw an oval leaf about 

10 cm long on a piece of
poster board. Cut it out.

2. Draw a second leaf the
same size but make one
end pointed. This is called
a drip tip. Cut this leaf out.

3. Hold your hands palm-side
up over a sink and have
someone lay a leaf on each
one. Point the drip tip
away from you. Tilt your
hands down but do not
allow the leaves to fall off.

4. Have someone gently spray
water on the leaves and
observe what happens.

Analysis
1. From which leaf does

water drain faster?
2. Infer why it is an

advantage for a leaf to get
rid of water quickly 
in a rain forest.

Lynn M. Stone/DRK Photo
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Human Impact Farmers that live in tropical areas clear the
land to farm and to sell the valuable wood. After a few years, the
crops use up the nutrients in the soil, and the farmers must clear
more land. As a result, tropical rain forest habitats are being
destroyed. Through education, people are realizing the value
and potential value of preserving the species of the rain forest.
In some areas, logging is prohibited. In other areas, farmers are
taught new methods of farming so they do not have to clear rain
forest lands continually.

Canopy  The canopy includes
the upper parts of the trees.
It's full of life—insects, birds,
reptiles, and mammals.

Emergents  These giant trees are 
much higher than the average canopy 
tree. Birds, such as the macaw, and 
insects are found here.

Understory  This dark, cool environment
is under the canopy leaves but above the
ground. Many insects, reptiles, and
amphibians live in the understory.

Forest Floor  The forest floor is
home to many insects and the
largest mammals in the rain
forest generally live here.

Figure 12 Tropical rain forests
contain abundant and diverse
organisms.
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Desert The driest biome on Earth is the desert. Deserts
receive less than 25 cm of rain each year and support little plant
life. Some desert areas receive no rain for years. When rain does
come, it quickly drains away. Any water that remains on the
ground evaporates rapidly.

Most deserts, like the one in Figure 13, are covered with a
thin, sandy, or gravelly soil that contains little organic matter.
Due to the lack of water, desert plants are spaced far apart and
much of the ground is bare. Barren, windblown sand dunes are
characteristics of the driest deserts.

Why is much of a desert bare ground?

Desert Life Desert plants are adapted for survival in the
extreme dryness and hot and cold temperatures of this biome.
Most desert plants are able to store water. Cactus plants are
probably the most familiar desert plants of the western hemi-
sphere. Desert animals also have adaptations that help them sur-
vive the extreme conditions. Some, like the kangaroo rat, never
need to drink water. They get all the moisture they need from
the breakdown of food during digestion. Most animals are
active only during the night, late afternoon, or early morning
when temperatures are less extreme. Few large animals are
found in the desert.

In order to provide water for desert cities, rivers and streams
have been diverted. When this happens, wildlife tends to move
closer to cities in their search for food and water. Education
about desert environments has led to an awareness of the 
impact of human activities. As a result, large areas of desert have
been set aside as national parks and wilderness areas to protect
desert habitats.

Figure 13 Desert plants, like
these in the Sonoran Desert, are
adapted for survival in the extreme
conditions of the desert biome. The
giant hairy scorpion found in some
deserts has a venomous sting.

Desertification When veg-
etation is removed from soil
in areas that receive little
rain, the dry, unprotected
surface can be blown away.
If the soil remains bare, a
desert might form. This
process is called desertifi-
cation. Look on a biome
map and hypothesize about
which areas of the United
States are most likely to
become deserts.

160 CHAPTER 6 Ecosystems
(l)Joe McDonald/DRK Photo, (r)Steve Solum/Bruce Coleman, Inc.
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SECTION 2 Biomes 161

Grasslands Temperate and tropical regions that
receive between 25 cm and 75 cm of precipitation each
year and are dominated by climax communities of
grasses are called grasslands. Most grasslands have 
a dry season, when little or no rain falls. This lack 
of moisture prevents the development of forests.
Grasslands are found in many places around the world,
and they have a variety of names. The prairies and
plains of North America, the steppes of Asia, the savan-
nas of Africa shown in Figure 14, and the pampas of
South America are types of grasslands.

Grasslands Life The most noticeable animals in grassland
biomes are usually mammals that graze on the stems, leaves, and
seeds of grass plants. Kangaroos graze in the grasslands of
Australia. In Africa, communities of animals such as wilde-
beests, impalas, and zebras thrive in the savannas.

Grasslands are perfect for growing many crops such as
wheat, rye, oats, barley, and corn. Grasslands also are used to
raise cattle and sheep. However, overgrazing can result in the
death of grasses and the loss of valuable topsoil from erosion.
Most farmers and ranchers take precautions to prevent the loss
of valuable habitats and soil.

Figure 14 Animals such as
zebras and wildebeests are
adapted to life on the savannas 
in Africa.

Summary
Major Biomes

• Tundra, sometimes called a cold desert, 
can be divided into two types: arctic and
alpine.

• Taiga is the world’s largest biome. It is a cold
forest region with long winters.

• Temperate regions have either a deciduous
forest biome or a rain forest biome.

• Tropical rain forests are one of the most bio-
logically diverse biomes.

• Humans have a huge impact on tropical rain
forests.

• The driest biome is the desert. Desert organ-
isms are adapted for extreme dryness and
temperatures.

• Grasslands provide food for wildlife, livestock,
and humans.

Self Check
1. Determine which two biomes are the driest.

2. Compare and contrast tundra organisms and desert
organisms.

3. Identify the biggest climatic difference between a tem-
perate rain forest and a tropical rain forest.

4. Explain why the soil of tropical rain forests make poor
farmland.

5. Think Critically If you climb a mountain in Arizona, you
might reach an area where the trees resemble the taiga
trees in northern Canada. Why would a taiga forest
exist in Arizona?

6. Record Observations Animals have adaptations that
help them survive in their environments. Make a list of
animals that live in your area, and record the physical 
or behavioral adaptations that help them survive.

blue.msscience.com/self_check_quiz
Kevin Schafer
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An ecological study includes observation and
analysis of organisms and the physical features
of the environment.

Real-World Question
How do you study an ecosystem?

Goals
■ Observe biotic factors and abiotic factors of

an ecosystem.
■ Analyze the relationships among organisms

and their environments.

Materials
graph paper field guides
binoculars notebook
thermometer compass
pencil tape measure
magnifying lens

Safety Precautions

Procedure
1. Choose a portion of an ecosystem to study.

You might choose a decaying log, a pond, a
garden, or even a crack in the sidewalk.

2. Determine the boundaries of your study area.

3. Using a tape measure and graph paper,
make a map of your area. Determine north.

4. Record your observations in a table similar
to the one shown on this page.

5. Observe the organisms in your study area.
Use field guides to identify them. Use a
magnifying lens to study small organisms
and binoculars to study animals you can’t
get near. Look for evidence (such as tracks
or feathers) of organisms you do not see.

6. Measure and record the air temperature in
your study area.

7. Visit your study area many times and at dif-
ferent times of day for one week. At each
visit, make the same measurements and
record all observations. Note how the living
and nonliving parts of the ecosystem interact.

Conclude and Apply
1. Predict what might happen if one or more

abiotic factors were changed suddenly.

2. Infer what might happen if one or more
populations of plants or animals were
removed from the area.

3. Form a hypothesis to explain how a new
population of organisms might effect your
ecosystem.

Study1ng a Land 
Ecosystem

162 CHAPTER 6 Ecosystems

Environmental Observations
Date

Time of day

Temperature

Organisms
observed

Comments

Make a classroom display of all data
recorded. For more help, refer to the
Science Skill Handbook.

Do not write in this book.
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SECTION 3 Aquatic Ecosystems 163

Freshwater Ecosystems
In a land environment, temperature and precipitation are

the most important factors that determine which species can
survive. In aquatic environments, water temperature, the
amount of sunlight present, and the amounts of dissolved oxy-
gen and salt in the water are important. Earth’s freshwater
ecosystems include flowing water such as rivers and streams and
standing water such as lakes, ponds, and wetlands.

Rivers and Streams Flowing freshwater environments 
vary from small, gurgling brooks to large, slow-moving rivers.
Currents can quickly wash loose particles downstream, leaving 
a rocky or gravelly bottom. As the water tumbles and splashes,
as shown in Figure 15, air from the atmosphere mixes in.
Naturally fast-flowing streams usually have clearer water and
higher oxygen content than slow-flowing streams.

Most nutrients that support life in flowing-water ecosystems
are washed into the water from land. In areas where the water
movement slows, such as in the pools of streams or in large
rivers, debris settles to the bottom. These environments tend to
have higher nutrient levels and more plant growth. They contain
organisms that are not as well adapted to swiftly flowing water,
such as freshwater mussels, minnows, and leeches.

Aquatic Ecosystems

■ Compare flowing freshwater and
standing freshwater ecosystems.

■ Identify and describe important
saltwater ecosystems.

■ Identify problems that affect
aquatic ecosystems.

All of the life processes in your body
depend on water.

Review Vocabulary
aquatic: growing or living in
water

New Vocabulary

• wetland • intertidal zone

• coral reef • estuary

Figure 15 Streams like this one
are high in oxygen because of the
swift, tumbling water. 
Determine where most nutrients
in streams come from.

W. Banaszewski/Visuals Unlimited
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Human Impact People use rivers and streams for many activ-
ities. Once regarded as a free place to dump sewage and other
pollutants, many people now recognize the damage this causes.
Treating sewage and restricting pollutants have led to an
improvement in the water quality in some rivers.

Lakes and Ponds When a low place in the land fills with
rainwater, snowmelt, or water from an overflowing stream, a lake
or pond might form. Pond or lake water hardly moves. It contains
more plants than flowing-water environments contain.

Lakes, such as the one shown in Figure 16, are larger and
deeper than ponds. They have more open water because most
plant growth is limited to shallow areas along the shoreline. In
fact, organisms found in the warm, sunlit waters of the shore-
lines often are similar to those found in ponds. If you were to
dive to the bottom, you would discover few, if any, plants or
algae growing. Colder temperatures and lower light levels limit
the types of organisms that can live in deep lake waters. Floating
in the warm, sunlit waters near the surface of freshwater lakes
and ponds are microscopic algae, plants, and other organisms
known as plankton.

A pond is a small, shallow body of water. Because ponds are
shallow, they are filled with animal and plant life. Sunlight usu-
ally penetrates to the bottom. The warm, sunlit water promotes
the growth of plants and algae. In fact, many ponds are filled
almost completely with plant material, so the only clear, open
water is at the center. Because of the lush growth in pond envi-
ronments, they tend to be high in nutrients.

Figure 16 Ponds contain
more vegetation than lakes
contain. The population of
organisms in the shallow
water of lakes is high. Fewer
types of organisms live in
the deeper water. 

Modeling Freshwater
Environments
Procedure

1. Obtain a sample of pond
sediment or debris,
plants, water, and organ-
isms from your teacher.

2. Cover the bottom of a clear-
plastic container with
about 2 cm of the debris.

3. Add one or two plants to
the container.

4. Carefully pour pond water
into the container until it is
about two-thirds full.

5. Use a net to add several
organisms to the water.
Seal the container.

6. Using a magnifying lens,
observe as many organisms
as possible. Record your
observations. Return your
sample to its original
habitat. 

Analysis
Write a short paragraph
describing the organisms in
your sample. How did the
organisms interact with 
each other?

(l)Dwight Kuhn, (r)Mark E. Gibson/Visuals Unlimited
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Water Pollution Human activities can harm freshwater 
environments. Fertilizer-filled runoff from farms and lawns, as
well as sewage dumped into the water, can lead to excessive
growth of algae and plants in lakes and ponds. The growth and
decay of these organisms reduces the oxygen level in the water,
which makes it difficult for some organisms to survive. To pre-
vent problems, sewage is treated before it is released. People 
also are being educated about problems associated with pollut-
ing lakes and ponds. Fines and penalties are issued to people
caught polluting waterways. These controls have led to the
recovery of many freshwater ecosystems.

Wetlands As the name suggests, wetlands, shown in 
Figure 17, are regions that are wet for all or most of a year. They
are found in regions that lie between landmasses and water.
Other names for wetlands include swamps, bogs, and fens. Some
people refer to wetlands as biological supermarkets. They are
fertile ecosystems, but only plants that are adapted to water-
logged soil survive there. Wetland animals include beavers,
muskrats, alligators, and the endangered bog turtle. Many
migratory bird populations use wetlands as breeding grounds.

Where are wetlands found?

Wetlands once were considered to be useless, disease-ridden
places. Many were drained and destroyed to make roads, farm-
land, shopping centers, and housing developments. Only
recently have people begun to understand the importance of
wetlands. Products that come from wetlands, including fish,
shellfish, cranberries, and plants, are valuable resources. Now
many developers are restoring wetlands, and in most states
access to land through wetlands is prohibited.

Figure 17 Life in the Florida
Everglades was threatened due to
pollution, drought, and draining of
the water. Conservation efforts are
being made in an attempt to pre-
serve this ecosystem.

Environmental Author
Rachel Carson (1907–1964)
was a scientist that turned
her knowledge and love 
of the environment into
articles and books. After 
15 years as an editor for
the U.S. Fish and Wildlife
Service, she resigned and
devoted her time to writ-
ing. She probably is known
best for her book Silent
Spring, in which she warned
about the long-term effects
of the misuse of pesticides.
In your Science Journal,
compile a list of other
authors who write about
environmental issues.

James R. Fisher/DRK Photo
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Saltwater Ecosystems
About 95 percent of the water on the surface of Earth con-

tains high concentrations of various salts. The amount of dis-
solved salts in water is called salinity. The average ocean salinity
is about 35 g of salts per 1,000 g of water. Saltwater ecosystems
include oceans, seas, a few inland lakes such as the Great Salt
Lake in Utah, coastal inlets, and estuaries.

Convert Units

1. The thermometer outside your classroom reads 78°F. What is the temperature in 
degrees Celsius?

2. If lake water was 12°C in October and 23°C in May, what is the difference in 
degrees Fahrenheit?

TEMPERATURE Organisms that live around
hydrothermal vents in the ocean deal with tem-
peratures that range from 1.7°C to 371°C. You
have probably seen temperatures measured in
degrees Celsius (°C) and degrees Fahrenheit
(°F). Which one are you familiar with? If you
know the temperature in one system, you can
convert it to the other.

You have a Fahrenheit thermometer and measure 
the water temperature of a pond at 59°F. What is that temperature in degrees Celsius?

Solution
This is what you know:

This is what you need to
find out:

This is the procedure
you need to use:

Check your answer:

water temperature in degrees Fahrenheit � 59°F

The water temperature in degrees Celsius.

● Solve the equation for degrees Celsius:
(°C � 1.8) � 32 � °F
°C � (°F � 32)/1.8

● Substitute the known value:
°C = (59°F – 32)/1.8 = 15°C

● Water temperature that is 59°F is 15°C.

Substitute the Celsius temperature back into the original
equation. You should get 59.

For more practice, visit 
blue.msscience.com/
math_practice

D. Foster/WHOI/Visuals Unlimited 
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Open Oceans Life abounds in the open ocean. Scientists
divide the ocean into different life zones, based on the depth to
which sunlight penetrates the water. The lighted zone of the
ocean is the upper 200 m or so. It is the home of the plankton
that make up the foundation of the food chain in the open
ocean. Below about 200 m is the dark zone of the ocean.
Animals living in this region feed on material that floats down
from the lighted zone, or they feed on each other. A few organ-
isms are able to produce their own food.

Coral Reefs One of the most diverse ecosystems in the world
is the coral reef. Coral reefs are formed over long periods of
time from the calcium carbonate shells secreted by animals
called corals. When corals die, their shells remain. Over time, the
shell deposits form reefs such as the Great Barrier Reef off the
coast of Australia, shown in Figure 18.

Reefs do not adapt well to long-term stress. Runoff from
fields, sewage, and increased sedimentation from cleared land
harm reef ecosystems. Organizations like the Environmental
Protection Agency have developed management plans to protect
the diversity of coral reefs. These plans treat a coral reef as a sys-
tem that includes all the areas that surround the reef. Keeping
the areas around reefs healthy will result in a healthy environ-
ment for the coral reef ecosystem.

Figure 18 The lighter areas
around this island are part of the
Great Barrier Reef. It comprises
about 3,000 reefs and about 
900 islands. Reefs contain 
colorful fish and a large variety
of other organisms.

Topic: Coral Reefs
Visit for Web
links to information about coral
reef ecosystems.

Activity Construct a diorama of
a coral reef. Include as many differ-
ent kinds of organisms as you can
for a coral reef ecosystem.

blue.msscience.com

(l)C.C. Lockwood/Bruce Coleman, Inc., (r)Steve Wolper/DRK Photo
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Seashores All of Earth’s landmasses are
bordered by ocean water. The shallow

waters along the world’s coastlines contain a variety of saltwater
ecosystems, all of which are influenced by the tides and by the
action of waves. The gravitational pull of the Moon, and to a
lesser extent, the Sun, on Earth causes the tides to rise and fall
each day. The height of the tides varies according to the phases
of the Moon, the season, and the slope of the shoreline. The
intertidal zone is the portion of the shoreline that is covered
with water at high tide and exposed to the air during low tide.
Organisms that live in the intertidal zone, such as those in
Figure 19, must be adapted to dramatic changes in temperature,
moisture, and salinity and must be able to withstand the force of
wave action.

Estuaries Almost every river on Earth eventually flows into
an ocean. The area where a river meets an ocean and contains a
mixture of freshwater and salt water is called an estuary
(ES chuh wer ee). Other names for estuaries include bays,
lagoons, harbors, inlets, and sounds. They are located near
coastlines and border the land. Salinity in estuaries changes with
the amount of freshwater brought in by rivers and streams, and
with the amount of salt water pushed inland by the ocean tides.

Estuaries, shown in Figure 20, are extremely fertile, pro-
ductive environments because freshwater streams bring in
tons of nutrients washed from inland soils. Therefore, nutrient
levels in estuaries are higher than in freshwater ecosystems or
other saltwater ecosystems.

Figure 19 As the tide
recedes, small pools of
seawater are left
behind. These pools
contain a variety
of organisms
such as sea stars
and periwinkles.

Sea star

Periwinkles

(tl)Dwight Kuhn, (tr)Glenn Oliver/Visuals Unlimited, (b)Stephen J. Krasemann/DRK Photo
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Estuary Life Organisms found in estuaries include many
species of algae, salt-tolerant grasses, shrimp, crabs, clams, oys-
ters, snails, worms, and fish. Estuaries also serve as important
nurseries for many species of ocean fish. Estuaries provide much
of the seafood consumed by humans.

Why are estuaries more fertile than other
aquatic ecosystems?

Figure 20 The Chesapeake Bay is
an estuary rich in resources. Fish and
shrimp are harvested by commercial
fishing boats. 
Describe what other resources can be
found in estuaries.

Summary
Freshwater Ecosystems

• Temperature, light, salt, and dissolved oxygen
are important factors.

• Rivers, streams, lakes, ponds, and wetlands
are freshwater ecosystems.

• Human activities, such as too much lawn fer-
tilizer, can pollute aquatic ecosystems.

Saltwater Ecosystems

• About 95 percent of Earth’s water contains
dissolved salts.

• Saltwater ecosystems include open oceans,
coral reefs, seashores, and estuaries.

• Organisms that live on seashores have adap-
tations that enable them to survive dramatic
changes in temperature, moisture, and salinity.

• Estuaries serve as nursery areas for many
species of ocean fish.

Self Check
1. Identify the similarities and differences between a lake

and a stream.

2. Compare and contrast the dark zone of the ocean with
the forest floor of a tropical rain forest. What living or
nonliving factors affect these areas?

3. Explain why fewer plants are at the bottom of deep lakes.

4. Infer what adaptations are necessary for organisms
that live in the intertidal zone.

5. Think Critically Would you expect a fast moving
mountain stream or the Mississippi River to have more
dissolved oxygen? Explain.

6. Communicate Wetlands trap and slowly release rain,
snow, and groundwater. Describe in your Science
Journal what might happen to a town located on a 
floodplain if nearby wetlands are destroyed.

blue.msscience.com/self_check_quiz
(l)John Kaprielian/Photo Researchers, (r)Jerry Sarapochiello/Bruce Coleman, Inc.
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Use the InternetUse the Internet

Real-World Question
Wetlands, such as the one shown 
below, are an important part of 
the environment. These fertile 
ecosystems support unique plants 
and animals that can survive only 
in wetland conditions. The more 
you understand the importance of 
wetlands, the more you can do to 
preserve and protect them. Why 
are wetlands an important part 
of the ecosystem?

Goals
■ Identify wetland

regions in the United
States.

■ Describe the signifi-
cance of the wetland
ecosystem.

■ Identify plant and ani-
mal species native to a
wetland region.

■ Identify strategies for
supporting the preser-
vation of wetlands.

Data Source

Visit 
internet_lab for more
information about wet-
land environments and for
data collected by other
students.

blue.msscience.com/

Explorihg Wetlands

170 CHAPTER 6 Ecosystems
(t)Dwight Kuhn, (b)John Gerlach/DRK Photo
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Find this lab using the link below. Post your
data in the table provided.  Review other
students’ data to learn about other wetland
environments in the United States.

Make a Plan
1. Determine where some major wetlands are located in the United States.

2. Identify one wetland area to study in depth. Where is it located? Is it classified
as a marsh, bog, or something else?

3. Explain the role this ecosystem plays in the overall ecology of the area. 

4. Research information about the plants and animals that live in the wetland
environment you are researching. 

5. Investigate what laws protect the wetland you are studying. 

Follow Your Plan
1. Make sure your teacher approves your plan before you start.

2. Perform the investigation.

3. Post your data at the link shown below.

Analyze Your Data
1. Describe the wetland area you have researched. What region of the United

States is it located in? What other ecological factors are found in that region? 

2. Outline the laws protecting the wetland you are investigating. How long have
the laws been in place?

3. List the plants and animals native to the wetland area you are researching. Are
those plants and animals found in other parts of the region or the United
States? What adaptations do the plants and animals have that help them sur-
vive in a wetland environment?

Conclude and Apply
1. Infer Are all wetlands the same?

2. Determine what the ecological significance 
of the wetland area that you studied for that 
region of the country is.

3. Draw Conclusions Why should wetland 
environments be protected?

4. Summarize what people can do to support 
the continued preservation of wetland 
environments in the United States.

LAB 171

blue.msscience.com/internet_lab

Fritz Polking/Bruce Coleman, Inc.
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For more information, visit
blue.msscience.com/time

SCIENCEANDSociety
SCIENCE 
ISSUES 

THAT AFFECT
YOU!

When you wash your hands or flush the
toilet, do you think about where the
wastewater goes? In most places, it

eventually ends up being processed in a tradi-
tional sewage-treatment facility. But some places
are experimenting with a new method that
processes wastewater by creating wetlands.
Wetlands are home to filtering plants, such as
cattails, and sewage-eating bacteria.

In 1996, school officials at the Corrales
Elementary School in Albuquerque, New Mexico,
faced a big problem. The old wastewater-treat-
ment system had failed. Replacing it was going
to cost a lot of money. Instead of constructing a
new sewage-treatment plant, school officials
decided to create a natural wetlands system. The
wetlands system could do the job less expen-
sively, while protecting the environment. 

Today, this wetlands efficiently converts pol-
luted water into cleaner water that’s good for the
environment. U.S. government officials are mon-
itoring this alternative sewage-treatment system
to see if it is successful. So far, so good! 

Wetlands filter water through the actions of
the plants and microorganisms that live there.
When plants absorb water into their roots, some
also take up pollutants. The plants convert the
pollutants to forms that are not dangerous. At
the same time, bacteria and other microorgan-
isms are filtering water as they feed. Water
moves slowly through wetlands, so the organisms
have plenty of time to do their work. Wetlands
built by people to filter small amounts of pollu-
tants are called “constructed wetlands”. In many
places, constructed wetlands are better at clean-
ing wastewater than sewers or septic systems.

Creating Wetlands to
Purify Wastewater

1 2 3

Students enjoy
pure water from
the Corrales
wetlands after
it is filtered.

Water irises
thrived in the
wetlands, less
than a year
after planting. 

Pebbles were added to the
Corrales wetlands to help
with drainage.

Visit and Observe Visit a wetlands and create a field journal
of your observations. Draw the plants and animals you see. Use a
field guide to help identify the wildlife. If you don’t live near a
wetlands, use resources to research wetlands environments.

courtesy Albuquerque Public Schools
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How Ecosystems Change

1. Ecological succession is the gradual change
from one plant community to another.

2. Primary succession begins in a place where
no plants were before.

3. Secondary succession begins in a place that
has soil and was once the home of living
organisms.

4. A climax community has reached a stable
stage of ecological succession.

Biomes

1. Temperature and precipitation help
determine the climate of a region.

2. Large geographic areas with similar climax
communities are called biomes.

3. Earth’s land biomes include tundra, taiga,
temperate deciduous forest, temperate rain
forest, tropical rain forest, grassland, and
desert.

Aquatic Ecosystems

1. Freshwater ecosystems include streams,
rivers, lakes, ponds, and wetlands.

2. Wetlands are areas that are covered with
water most of the year. They are found in
regions that lie between land-masses and
water.

3. Saltwater ecosystems include estuaries, sea-
shores, coral reefs, a few inland lakes, and
the deep ocean.

4. Estuaries are fertile transitional zones
between freshwater and saltwater 
environments.

CHAPTER STUDY GUIDE 173

Copy and complete this concept map about land biomes.

Tropical rain
forest

Tundra

Non-forest

such as such as such as

can be can be

such as such as such as such as

Biomes

blue.msscience.com/interactive_tutor
(l)James P. Rowan/DRK Photo, (r)John Shaw/Tom Stack & Assoc.
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Fill in the blanks with the correct vocabulary
word or words.

1. refers to the normal changes in
the types of species that live in communities.

2. A(n) is a group of organisms
found in a stable stage of succession.

3. Deciduous trees are dominant in the 
.

4. The average temperature in is
between 9°C and 12°C.

5. are the most biologically diverse 
biomes in the world.

6. A(n) is an area where freshwater
meets the ocean.

Choose the word or phrase that best answers the 
question.

7. What are tundra and desert examples of?
A) ecosystems C) habitats
B) biomes D) communities

8. What is a hot, dry biome called?
A) desert C) coral reef
B) tundra D) grassland

9. Where would organisms that are adapted to
live in slightly salty water be found?
A) lake C) open ocean
B) estuary D) intertidal zone

10. Which biome contains mostly frozen soil
called permafrost? 
A) taiga
B) temperate rain forest
C) tundra
D) temperate deciduous forest

11. A new island is formed from a volcanic
eruption. Which species probably would
be the first to grow and survive?
A) palm trees C) grasses
B) lichens D) ferns

12. What would the changes in communities
that take place on a recently formed vol-
canic island best be described as?
A) primary succession
B) secondary succession
C) tertiary succession
D) magma

13. What is the stable end stage of succession?
A) pioneer species
B) climax community
C) limiting factor
D) permafrost

Use the illustration below to answer question 14.

14. Which area of the U.S. had the highest
observed fire danger on June 20, 2003? 
A) northeast C) northwest
B) southeast D) southwest

174 CHAPTER REVIEW

biome p. 154
climax community p. 153
coral reef p. 167
desert p. 160
estuary p. 168
grassland p. 161
intertidal zone p. 168
pioneer species p. 150

succession p. 150
taiga p. 156
temperate deciduous

forest p. 157
temperate rain forest p. 157
tropical rain forest p. 158
tundra p. 155
wetland p. 165

Very high
Extreme
Water

Moderate
High

Low

LEGEND

Observed Fire Danger Class—June, 2003  

WFAS-MAPS Graphics   National Interagency Fire Center   Boise, ID

blue.msscience.com/vocabulary_puzzlemaker
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15. Explain In most cases, would a soil sample 
from a temperate deciduous forest be
more or less nutrient-rich than a soil sam-
ple from a tropical rain forest? 

16. Explain why some plant seeds need fire in
order to germinate. How does this give
these plants an advantage in secondary
succession?

17. Determine A grassy meadow borders a
beech-maple forest. Is one of these ecosys-
tems undergoing succession? Why? 

18. Infer why tundra plants are usually small.

19. Make and Use a Table Copy and complete the
following table about aquatic ecosystems.
Include these terms: intertidal zone, lake,
pond, coral reef, open ocean, river, estuary,
and stream.

20. Recognize Cause and Effect Wildfires like the
one in Yellowstone National Park in 1988,
cause many changes to the land. Determine
the effect of a fire on an area that has
reached its climax community.

21. Oral Presentation Research a biome not in
this chapter. Find out about its climate and
location, and which organisms live there.
Present this information to your class.

CHAPTER REVIEW 175

Use the table below to answer question 22.

Rainfall Amounts

Biome
 Average

 Precipitation/Year (cm)

Taiga 50

Temperate rain forest 200

Tropical rain forest 400

Desert 25

Temperate deciduous forest 150

Tundra 25

Aquatic Ecosystems

 Saltwater Freshwater

22. Biome Precipitation How many times more
precipitation does the tropical rain forest biome
receive than the taiga or desert?

Use the graph below to answer question 23.

23. Biome Temperatures According to the graph,
which biome has the greatest and which biome
has the least variation in temperature through-
out the year? Estimate the difference between
the two.

Average Temperature Range of Biomes
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Do not write in this book.
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. What two factors are most responsible for
limiting life in a particular area?
A. sunlight and temperature
B. precipitation and temperature
C. precipitation and sunlight
D. soil conditions and precipitation

2. Which of the following forms during pri-
mary succession?
A. trees C. wildlife
B. soil D. grasses

Use the illustrations below to answer questions 3 and 4. 

3. Which of the following statements best
describes what is represented by A?
A. Primary succession is occurring.
B. Secondary succession is occurring.
C. A forest fire has probably occurred.
D. The climax stage has been reached.

4. Which of the following statements best
describes what is represented by B?
A. The climax stage has been reached.
B. Pioneer species are forming soil.
C. Bare rock covers most of the area.
D. Secondary succession is occurring.

Use the map below to answer questions 5 and 6.

5. What biome is located in the latitudes just
south of the north pole?
A. taiga
B. temperate deciduous rain forest
C. tundra
D. temperate rain forest

6. The tropical rainforest biome is found pri-
marily near the
A. Arctic Circle.
B. Tropic of Cancer.
C. equator.
D. Tropic of Capricorn.

7. Which of the following is composed of a
mix of salt water and freshwater?
A. an intertidal zone
B. an estuary
C. a seashore
D. a coral reef

LichensA

Equator

Tropic of Capricorn

Antarctic 
Circle

Tropic of Cancer

Desert
Grassland
Tropical rain forest
Temperate rain forest
Temperate deciduous forest

Taiga
Tundra

Arctic 
Circle

176 STANDARDIZED TEST PRACTICE

Come Prepared Bring at least two sharpened No. 2 pencils
and a good eraser to the test. Check to make sure that your
eraser completely removes all pencil marks.

B
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

8. Name two products that come from
wetlands.

9. Which takes longer, primary succession or
secondary succession? Why?

Use the photos below to answer questions 10 and 11. 

10. In what biome would you most likely find
A? How is this animal adapted to survive
in its biome? 

11. In what biome would you most likely find
B? How is this animal adapted to survive
in its biome?

12. Which biome receives the most rainfall
per year? Which receives the least rainfall?

13. Why are forests unlikely to develop in 
grasslands?

14. What are two kinds of wetlands? What
kinds of animals are found in wetlands?

15. What organisms inhabit the upper zone 
of the open ocean and why are they so
important?

Record your answers on a sheet of paper.

16. Explain how lichens contribute to the
process of soil formation.

17. Compare and contrast a freshwater 
lake ecosystem with a freshwater pond
ecosystem.

18. What special adaptations must all of
the organisms that live in the intertidal
zone have?

19. What are the differences between the tem-
perate rain forest biome and the tropical
rain forest biome?

Use the illustration below to answer questions 20 and 21. 

20. Identify and describe zone C in the dia-
gram. What kinds of wildlife are found
there?

21. Identify zone D and zone A. Describe the
environment in each zone. Why might an
organism that lives in zone A not be able
to survive in zone D? 

22. Discuss the effects of human impact on
freshwater environments like lakes and
ponds.

A

Zone A

Zone B

Zone C

Zone D
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