
Objectives
After reading this chapter, you should be
able to:

• Recognize the difference between
primary and secondary succession.

• Describe the process of succession
from pioneer to climax community in
both terrestrial and aquatic situations.

• Associate typical plants and animals
with the various terrestrial biomes.

• Recognize the physical environmental
factors that determine the kind of
climax community that will develop.

• Differentiate the forest biomes that
develop based on temperature and
rainfall.

• Describe the various kinds of aquatic
ecosystems and the factors that
determine their characteristics.
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Succession
Ecosystems are dynamic, changing
units. On a daily basis, plants grow and
die, animals feed on plants and on one
another, and decomposers recycle the
chemical elements that make up the bi-
otic portion of any ecosystem. Abiotic
factors (such as temperature, rainfall, in-
tensity of sunlight, and seasonality) also
have a major influence on the kind of
community that will be established.
Since all organisms are linked together
in a community, any change in the com-
munity affects many organisms within
it. Certain conditions within a commu-
nity are keys to the kinds of organisms
that are found associated with one an-
other. Grasshoppers need grass for food,
robins need trees to build nests, and
herons need shallow water to find food.
Each organism has specific require-
ments that must be met in the commu-
nity, or it will not survive.

Over long time periods, it is possible
to see trends in the way the structure of a
community changes and to recognize that
climate greatly influences the kind of
community that becomes established in
an area. Generally, this series of changes
eventually results in a relatively long-
lasting, stable combination of species that
is self-perpetuating. The concept that
communities proceed through a series of
recognizable, predictable changes in
structure over time is called succession.
The relatively stable, long-lasting com-
munity that is the result of succession is
called a climax community. As ecolo-
gists have studied the process of succes-
sion, they have come to recognize that
the process is not always as predictable
as once was thought. However, to begin
to understand the process of succession,
it often is valuable to look at general
models before looking at the exceptions.
In the traditional view of succession, the
kind of climax community that develops
is primarily determined by climate. Some
communities will be forests, while others
will be grassland or deserts. Succession
occurs because the activities of organ-
isms cause changes in their surroundings
that make the environment suitable for

other kinds of organisms. When new
species become established, they com-
pete with the original inhabitants. In
some cases, original species may be re-
placed completely. In other cases, early
species may not be replaced but may be-
come less numerous as invading species
take a dominant role. Slowly, over time,
it is recognized that a significantly differ-
ent community has become established.
Several factors determine the pace and
direction of the successional process. For
example, climate, locally available seed
sources, frequent disturbance, and inva-
sions of organisms from outside the area
all greatly affect the course of succession.
Ecologists have traditionally recognized
two kinds of succession. Primary
succession is a successional progression
that begins with a total lack of organisms
and bare mineral surfaces or water. Such
conditions can occur when volcanic ac-
tivity causes lava flows or glaciers scrape
away the organisms and soil. Similarly, a
lowering of sea level exposes new sur-
faces for colonization by terrestrial or-
ganisms. Primary succession often takes
an extremely long time, since there is no
soil and few readily available nutrients
for plants to use for growth. Secondary
succession is much more commonly ob-
served and generally proceeds more
rapidly, because it begins with the de-
struction or disturbance of an existing
ecosystem. Fire, flood, windstorm, or hu-
man activity can destroy or disturb a
community of organisms. Usually, how-
ever, there is at least some soil and often
there are seeds or roots from which plants
can begin growing almost immediately.

Primary Succession
Primary succession can begin on a bare
rock surface, pure sand, or standing wa-
ter. Since succession on rock and sand is
somewhat different from that which oc-
curs with watery situations, we deal
with them separately. We discuss terres-
trial succession first.

Terrestrial Primary Succession

Several factors determine the rate of
succession and the kind of climax com-
munity that will develop in an area. The
kind of substrate (rock, sand, clay) will

greatly affect the kind of soil that will
develop. The kinds of spores, seeds, or
other reproductive structures will deter-
mine the species available to colonize
the area. The climate will determine the
species that will be able to live in an
area and how rapidly they will grow.
The rate of growth will determine how
quickly organic matter will accumulate
in the soil. The kind of substrate, cli-
mate, and amount of organic matter will
influence the amount of water available
for plant growth. Let’s look at a specific
example of how these factors are inter-
related in an example of primary succes-
sion from bare mineral surfaces.

Bare rock or sand is a very inhos-
pitable place for organisms to live. The
temperature changes drastically, there is
no soil, there is little moisture, the or-
ganisms are exposed to the damaging
effect of the wind, few nutrients are
available, and few places are available
for organisms to attach themselves or
hide. However, wind-blown spores or
other tiny reproductive units of a few
kinds of organisms can become estab-
lished and survive in even this inhos-
pitable environment. This collection of
organisms is known as the pioneer
community because it is the first to col-
onize bare rock. (See figure 6.1.)

A common kind of organism in this
initial community is something called a
lichen. Lichens are actually mutualistic
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figure 6.1 Pioneer Organism The
lichen growing on this rock is able to
accumulate bits of debris, carry on
photosynthesis, and aid in breaking down
the rock. All of these activities contribute to
the formation of a thin layer of soil, which
is necessary for plant growth in the early
stages of succession.



relationships between two kinds of or-
ganisms: algae or bacteria that carry on
photosynthesis and fungi that attach to
the rock surface and retain water. The
growth and development of lichens is
often a slow process. It may take lichens
100 years to grow as large as a dinner
plate. Lichens are the producers in this
simple ecosystem, and many tiny con-
sumer organisms may be found associ-
ated with lichens. Some feed on the
lichen and many use it as a place of
shelter, since even a drizzle is like a tor-
rential rain for a microscopic animal.
Since lichens are firmly attached to rock
surfaces, they also tend to accumulate
bits of airborne debris and store small
amounts of water that would otherwise
blow away or run off the rock surface.
Acids produced by the lichen tend to
cause the breakdown of the rock sub-
strate into smaller particles. This frag-
mentation of rock, aided by physical and
chemical weathering processes, along
with the trapping of debris and the con-
tribution of organic matter by the death
of lichens and other organisms, ulti-

mately leads to the accumulation of a
very thin layer of soil.

This thin layer of soil is the key to
the next stage in the successional
process. The layer can retain some water
and support some fungi, certain small
worms, insects, bacteria, protozoa, and
perhaps a few tiny annual plants that live
for only one year but produce flowers
and seeds that fall to the soil and germi-
nate the following growing season.
Many of these initial organisms or their
reproductive structures are very tiny and
will arrive as a result of wind and rain.
As these organisms grow, reproduce, and
die, they contribute additional organic
material for the soil-building process,
and the soil layer increases in thickness
and is better able to retain water. This
stage, which is dominated by annual
plants, eliminates the lichen community
because the plants are taller and shade
the lichens, depriving them of sunlight.
This annual plant stage is itself replaced
by a community of small perennial
grasses and herbs. The perennial grasses
and herbs are often replaced by larger

perennial woody shrubs, which are often
replaced by larger trees that require lots
of sunlight, which often are replaced in
turn by trees that can tolerate shade. Sun-
loving (shade-intolerant) trees are re-
placed by shade-tolerant trees because
the seedlings of shade-intolerant trees
cannot grow in the shade of their parents,
while seedlings of shade-tolerant trees
can. Eventually, a relatively stable, long-
lasting, complex, and interrelated climax
community of plants, animals, fungi, and
bacteria is produced. Each step in this
process from pioneer community to cli-
max community is called a successional
stage, or seral stage, and the entire se-
quence of stages—from pioneer commu-
nity to climax community—is called a
sere. (See figure 6.2.)

Although in this example we have
described a successional process that be-
gan with a lichen pioneer community
and ended with a climax forest, it is im-
portant to recognize that the process of
succession can stop at any point along
this continuum. In certain extreme cli-
mates, lichen communities may last for
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figure 6.2 Primary Succession on Land The formation of soil is a major step in primary succession. Until soil is formed, the area is
unable to support large amounts of vegetation, which modify the harsh environment. Once soil formation begins, the site proceeds through an
orderly series of stages toward a climax community.



hundreds of years and must be con-
sidered climax communities. Others
reach a grass-herb stage and proceed no
further. The specific kind of climax
community produced depends on such
things as climate and soil type, which
are discussed in greater detail later in
this chapter. However, when succes-
sional communities are compared to cli-
max communities, climax communities
show certain characteristics.

1. Climax communities maintain their
mix of species for a long time,
while successional communities are
temporary.

2. Climax communities tend to have
many specialized ecological niches,
while successional communities tend
to have more generalized niches.

3. Climax communities tend to have
many more kinds of organisms and
kinds of interactions among organ-
isms than do successional commu-
nities.

4. Climax communities tend to recycle
nutrients and maintain a relatively
constant biomass, while succes-
sional communities tend to accumu-
late large amounts of new material.

The general trend in succession is
toward increasing complexity and more
efficient use of matter and energy com-
pared to the successional communities
that preceded them.

Aquatic Primary Succession
The principal concepts of land succes-
sion can be applied to aquatic ecosys-
tems. Except for the oceans, most
aquatic ecosystems are considered tem-
porary. Certainly, some are going to be
around for thousands of years, but even-
tually they will disappear and be re-
placed by terrestrial ecosystems as a
result of normal successional processes.
All aquatic ecosystems receive a contin-
uous input of soil particles and organic
matter from surrounding land, which re-
sults in the gradual filling in of shallow
bodies of water like ponds and lakes.

In deep portions of lakes and ponds,
only floating plants and algae can exist.
However, as sediment accumulates, the
water depth becomes less, and it becomes
possible for certain species of submerged
plants to establish their roots in the sedi-
ments of the bottom of shallow bodies of
water. They carry on photosynthesis,
which results in a further accumulation of

organic matter. These plants also tend to
trap sediments that flow into the pond or
lake from streams or rivers, resulting in a
further decrease in water depth. Eventu-
ally, as the water becomes shallower,
emergent plants become established.
They have leaves that float on the surface
of the water or project into the air. The
network of roots and stems below the
surface of the water results in the accu-
mulation of more material, and the water
depth decreases as material accumulates
on the bottom. As the process continues,
a wet soil is formed and grasses and other
plants that can live in wet soil become es-
tablished. This successional stage is often
called a wet meadow. The activities of
plants tend to draw moisture from the
soil, and, as more organic matter is added
to the top layer of the soil, it becomes
somewhat drier. Once this occurs, the
stage is set for a typical terrestrial succes-
sional series of changes, eventually re-
sulting in a climax community typical for
the climate of the area. (See figure 6.3.)

Since the shallower portions of most
lakes and ponds are at the shore, it is of-
ten possible to see the various stages in
aquatic succession from the shore. In the
central, deeper portions of the lake, there
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Tens to hundreds of years

figure 6.3 Primary Succession from a Pond to a Wet Meadow A shallow pond will fill slowly with organic matter from producers in
the pond. Eventually, a wet soil will form and grasses will become established. In many areas, this will be succeeded by a climax forest.



are only floating plants and algae. As we
approach the shore, we first find sub-
merged plants like Elodea and algal
mats, then emergent vegetation like wa-
ter lilies and cattails, then grasses and
sedges that can tolerate wet soil, and on
the shore, the beginnings of a typical ter-
restrial succession resulting in the cli-
max community typical for the area.

In many northern ponds and lakes,
sphagnum moss forms thick, floating
mats. These mats may allow certain
plants that can tolerate wet soil condi-
tions to become established. The roots of
the plants bind the mat together and es-
tablish a floating bog, which may contain
small trees and shrubs as well as many
other smaller, flowering plants. (See
figure 6.4.) Someone walking on such a

mat would recognize that the entire sys-
tem is floating when they noticed the
trees sway or when they stepped through
a weak zone in the mat and sunk to their
hips in water. Eventually, these bogs will
become increasingly dry and the normal
climax vegetation for the area will suc-
ceed the more temporary bog stage.

Secondary Succession
The same processes and activities drive
both primary and secondary succession.
The major difference is that secondary
succession occurs when an existing com-
munity is destroyed but much of the soil
and some of the organisms remain. A for-
est fire, a flood, or the conversion of a
natural ecosystem to agriculture may be
the cause. Since much of the soil remains
and many of the nutrients necessary for
plant growth are still available, the
process of succession can advance more
rapidly than primary succession. In addi-
tion, because some plants and other or-
ganisms may survive the disturbance and
continue to grow and others will survive
as roots or seeds, they can quickly re-
establish themselves in the area. Further-
more, undamaged communities adjacent
to the disturbed area can serve as sources
of seeds and animals that migrate into the
disturbed area. Thus, the new climax
community is likely to resemble the one
that was destroyed. Figure 6.5 shows old
field succession—the typical secondary

succession found on abandoned farmland
in the southeastern United States.

Similarly, when beavers flood an
area, the existing terrestrial community
is replaced by an aquatic ecosystem. As
the area behind the dam fills in with sed-
iment and organic matter, it goes through
a series of changes that may include
floating plants, submerged plants, emer-
gent plants, and wet meadow stages, but
it eventually returns to the typical climax
community for the area. (See figure 6.6.)

Many kinds of communities exist
only as successional stages and are con-
tinually reestablished following distur-
bances. Many kinds of woodlands along
rivers exist only where floods remove
vegetation, allowing specific species to
become established on the disturbed
flood plain. Some kinds of forest and
shrub communities exist only if fire oc-
casionally destroys the mature forest.
Windstorms such as hurricanes are also
important in causing openings in forests
that allow the establishment of certain
kinds of plant communities.

Modern Concepts of
Succession and Climax
The discussion of the nature of succes-
sion and climax communities in the
“Succession” section is an oversimplifi-
cation of the true nature of the process.
Some historical perspective will help to
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figure 6.4 Floating Bog In many
northern regions, sphagnum moss forms a
floating mat that can be colonized by plants
that tolerate wet soils. A network of roots
ties the mat together to form a floating
community.

figure 6.5 Secondary Succession on Land A plowed field in the southeastern United States shows a parade of changes over time,
involving plant and animal associations. The general pattern is for annual weeds to be replaced by grasses and other perennial herbs, which
are replaced by shrubs, which are replaced by trees. As the plant species change, so do the animal species.
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clarify how ecologists have changed
their concept of successional change.
When European explorers traveled
across the North American continent,
they saw huge expanses of land domi-
nated by specific types of communities:
hardwood forests in the East, evergreen
forests in the North, grasslands in cen-
tral North America, and deserts in the
Southwest. These regional communities
came to be considered the steady-state
or normal situation for those parts of the
world. When ecologists began to ex-
plore the way in which ecosystems
developed over time, they began to
think of these ecosystems as the end
point or climax of a long journey, begin-
ning with the formation of soil and its
colonization by a variety of plants and
other organisms.

As settlers removed the original
forests or grasslands and converted the
land to farming, the original “climax”
community was destroyed. Eventually,
as poor farming practices destroyed the
soil, many farms were abandoned and
the land was allowed to return to its

“original” condition. This secondary
succession often resulted in forests that
resembled those that had been de-
stroyed. However, in most cases, these
successional forests contained fewer
species and in some cases were entirely
different kinds of communities from the
originals. These new stable communi-
ties were also called climax communi-
ties, but they were not the same as the
original climax communities.

In addition, the introduction of
species from Europe and other parts of
the world changed the mix of organisms
that might colonize an area. Many
grasses and herbs that were introduced
either on purpose or accidentally have
become well established. Today, some
communities are dominated by these in-
troduced species. Even diseases have al-
tered the nature of climax communities.
Chestnut blight and Dutch elm disease
have removed tree species that were at
one time dominant species in certain
plant communities.

Ecologists began to recognize that
there was no fixed, predetermined com-

munity for each part of the world and be-
gan to modify the way they looked at the
concept of climax communities. The con-
cept today is a more plastic one. It is still
used to talk about a stable stage follow-
ing a period of change, but ecologists no
longer feel that land will eventually re-
turn to a “preordained” climax condition.
They have also recognized in recent
years that the type of climax community
that develops depends on many factors
other than simply climate. One of these is
the availability of seeds to colonize new
areas. Some seeds may lie dormant in the
soil for a decade or more, while others
may be carried to an area by wind, water,
or animals. Two areas with very similar
climate and soil characteristics may de-
velop very different successional and
“climax” communities because of the
seeds that were present in the area when
the lands were released from agriculture.
Furthermore, we need to recognize that
the only thing that differentiates a “cli-
max” community from a successional
one is the time scale over which change
occurs. “Climax” communities do not

Tens to hundreds of years
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figure 6.6 Secondary Succession from a Beaver Pond A colony of beavers can dam up streams and kill trees by the flooding that
occurs and by using trees for food. Once the site is abandoned, it will slowly return to the original forest community by a process of
succession.
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change as rapidly as successional ones.
However, all communities are eventually
replaced, as were the swamps that pro-
duced coal deposits, the preglacial forests
of Europe and North America, and the
pine forests of the northeastern United
States. Many human activities alter the
nature of the successional process. Agri-
cultural practices obviously modify the
original community to allow for the rais-
ing of crops. However, several other
management practices have also signifi-
cantly altered communities. Regular log-
ging returns a forest to an earlier stage of
succession. The suppression of fire in
many forests has also changed the mix of
organisms present. When fire is sup-
pressed, those plants that are killed by
regular fires become more common and
those that are able to resist fire become
less common. Changing the amount of

water present will also change the kind of
community. Draining an area makes it
less suitable for the original inhabitants
and more suitable for those that live in
drier settings. Similarly, irrigation and
flooding increase the amount of water
present and change the kinds of organ-
isms that can live in an area.

So what should we do with these
concepts of succession and climax com-
munities? Although the climax concept
embraces a false notion that there is a
specific end point to succession, it is
still important to recognize that there is
an identifiable, predictable pattern of
change during succession and that later
stages in succession are more stable and
longer lasting than early stages.
Whether we call a specific community
of organisms a climax community is not
really important.

Biomes: Major Types
of Terrestrial Climax
Communities

Biomes are terrestrial climax communi-
ties with wide geographic distribution.
(See figure 6.7.) Although the concept
of biomes is useful for discussing gen-
eral patterns and processes, it is impor-
tant to recognize that when different
communities within a particular biome
are examined, there will be variations in
the exact species present. However, in
broad terms, the general structure of the
ecosystem and the kinds of niches and
habitats present are similar. Two pri-
mary nonbiological factors have major
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figure 6.7 Biomes of the World Although most biomes are named for a major type of vegetation, each includes a specialized group of
animals adapted to the plants and the biome’s climatic conditions.



impacts on the kind of climax commu-
nity that develops in any part of the
world: precipitation and temperature.
Several aspects of precipitation are im-
portant: the total amount of precipitation
per year, the form in which it arrives
(rain, snow, sleet), and its seasonal dis-
tribution. Precipitation may be evenly
spaced throughout the year, or it may be
concentrated at particular times so that
there are wet and dry seasons.

The temperature patterns are also
important and can vary considerably in
different parts of the world. Tropical ar-
eas have warm, relatively unchanging
temperatures throughout the year. Areas
near the poles have long winters with
extremely cold temperatures and rela-
tively short, cool summers. Other areas
are more evenly divided between cold
and warm periods of the year. (See
figure 6.8.)

Although temperature and precipita-
tion are of primary importance, several
other factors may influence the kind of

climax community present. Periodic
fires are important in maintaining some
grassland and shrub climax communities
because the fires prevent the establish-
ment of larger, woody species. Some
parts of the world have frequent, strong
winds that prevent the establishment of
trees and cause rapid drying of the soil.
The type of soil present is also very im-
portant. Sandy soils tend to dry out
quickly and may not allow the establish-
ment of more water-demanding species
like trees, while extremely wet soils may
allow only certain species of trees to
grow. Obviously, the kinds of organisms
currently living in the area are also im-
portant, since their offspring will be the
ones available to colonize a new area.

The Effect of Elevation on
Climate and Vegetation
The distribution of terrestrial ecosys-
tems is primarily related to precipitation
and temperature. The temperature is

warmest near the equator and becomes
cooler toward the poles. Similarly, as the
height above sea level increases, the av-
erage temperature decreases. This
means that even at the equator, it is pos-
sible to have cold temperatures on the
peaks of tall mountains. As one pro-
ceeds from sea level to the tops of
mountains, it is possible to pass through
a series of biomes that are similar to
what would be encountered as one trav-
eled from the equator to the North Pole.
(See figure 6.9.)

In the next sections, we will look at
the major biomes of the world and high-
light the abiotic and biotic features typi-
cal of each biome.

Desert
A lack of water is the primary factor that
determines that an area will be a desert.
Deserts are areas that generally average
less than 25 centimeters (10 inches) of
precipitation per year. (See figure 6.10.)
When and how precipitation arrives is
quite variable in different deserts. Some
deserts receive most of the moisture as
snow or rain in the winter months, while
in others rain comes in the form of thun-
dershowers at infrequent intervals. If
rain comes as heavy thundershowers,
much of the water does not sink into the
ground but runs off into gullies. Also,
since the rate of evaporation is high,
plant growth and flowering usually co-
incide with the periods when moisture is
available. Deserts are also likely to be
windy. We often think of deserts as hot,
dry wastelands devoid of life. However,
many deserts are quite cool during a ma-
jor part of the year. Certainly, the Sahara
Desert and the deserts of the southwest-
ern United States and Mexico are hot
during much of the year, but the desert
areas of the northwestern United States
and the Gobi Desert in Central Asia can
be extremely cold during winter months
and have relatively cool summers. Fur-
thermore, the temperature can vary
greatly during a 24-hour period. Since
deserts receive little rainfall, it is logical
that most will have infrequent cloud
cover. With no clouds to block out the
sun, during the day the soil surface and
the air above it tend to heat up rapidly.
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figure 6.8 Influence of Precipitation and Temperature on Vegetation Temperature
and moisture are two major factors that influence the kind of vegetation that can occur in an
area. Areas with low moisture and low temperatures produce tundra; areas with high moisture
and freezing temperatures during part of the year produce deciduous or coniferous forests; dry
areas produce deserts; moderate amounts of rainfall or seasonal rainfall support grasslands or
savannas; and areas with high rainfall and high temperatures support tropical rainforests.



After the sun has set, the absence of an
insulating layer of clouds allows heat
energy to be reradiated from the Earth,
and the area cools off rapidly. Cool to
cold nights are typical even in “hot”
deserts, especially during the winter
months.

Another misconception about
deserts is that few species of organisms
live in the desert. There are many
species, but they typically have low
numbers of individuals. For example, a
conspicuous feature of deserts is the dis-
persed nature of the plants. There is a
significant amount of space between
them. Similarly, animals do not have
large, dense populations. However,
those species that are present are spe-
cially adapted to survive in dry, often
hot environments. For example, water
evaporates from the surfaces of leaves.
As an adaptation to this condition, many
desert plants have very small leaves that

allow them to conserve water. Some
even lose their leaves entirely during the
driest part of the year. Some, like cactus,
have the ability to store water in their
spongy bodies or their roots for use dur-
ing drier periods. Other plants have
parts or seeds that lie dormant until the
rains come. Then they grow rapidly, re-
produce, and die, or become dormant
until the next rains. Even the perennial
plants are tied to the infrequent rains.
During these times, the plants are most
likely to produce flowers and reproduce.
Many desert plants are spiny. The spines
discourage large animals from eating the
leaves and young twigs.

The desert has many kinds of
animals. However, they are often over-
looked because their populations are
low, numerous species are of small size,
and many are inactive during the hot part
of the day. They also aren’t seen in
large, conspicuous groups. Many insects,

lizards, snakes, small mammals, grazing
mammals, carnivorous mammals, and
birds are common in desert areas. All of
the animals that live in deserts are able to
survive with a minimal amount of water.
Some receive nearly all of their water
from the moisture in the food they eat.
They generally have an outer skin or cu-
ticle that resists water loss, so they lose
little water by evaporation. They also
have physiological adaptations, such as
extremely efficient kidneys, that allow
them to retain water. They often limit
their activities to the cooler part of the
day (the evening) and may spend consid-
erable amounts of time in underground
burrows during the day, which allows
them to avoid extreme temperatures and
to conserve water.

Grassland
Grasslands, also known as prairies or
steppes, are widely distributed over
temperate parts of the world. As with
deserts, the major factor that contributes
to the establishment of a grassland is the
amount of available moisture. Grass-
lands generally receive between 25 and
75 centimeters (10 to 30 inches) of pre-
cipitation per year. These areas are
windy with hot summers and cold-to-
mild winters. In many grasslands, fire is
an important force in preventing the in-
vasion of trees and releasing nutrients
from dead plants to the soil. Grasses
make up 60 to 90 percent of the vegeta-
tion. Many other kinds of flowering
plants are interspersed with the grasses.
(See figure 6.11.) Typically, the grasses
and other plants are very close together
and their roots form a network that
binds the soil together. Trees, which
generally require greater amounts of
water, are rare in these areas except
along watercourses.

The primary consumers are animals
that eat the grasses, such as large herds
of migratory, grazing mammals like bi-
son, wildebeests, wild horses, and vari-
ous kinds of sheep, cattle, and goats.
While the grazers are important as con-
sumers of the grasses, they also supply
fertilizer from their dung and discourage
invasion by woody species of plants be-
cause they eat the young shoots.
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figure 6.9 Relationship Between Height above Sea Level, Latitude, and Vegetation
As one travels up a mountain, the climate changes. The higher the elevation, the cooler the
climate. Even in the tropics, tall mountains can have snow on the top. Thus, it is possible to
experience the same change in vegetation by traveling up a mountain as one would
experience traveling from the equator to the North Pole.
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figure 6.10 Desert (a) Climagraph for Cairo, Egypt. (b) The
desert receives less than 25 centimeters (10 inches) of precipitation
per year, yet it teems with life. Cactus, sagebrush, lichens, snakes,
small mammals, birds, and insects inhabit the desert. Because
daytime temperatures are often high, most animals are active only at
night, when the air temperature drops significantly. Cool deserts also
exist in many parts of the world, where rainfall is low but
temperatures are not high.
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figure 6.11 Grassland (a) Climagraph for Tehran, Iran. (b)
Grasses are better able to withstand low water levels than are trees.
Therefore, in areas that have moderate rainfall, grasses are the
dominant plants.
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In addition to grazing mammals,
many kinds of insects, including
grasshoppers and other herbivorous in-
sects, dung beetles (which feed on the
dung of grazing animals), and several
kinds of flies are common. Some of
these flies bite to obtain blood. Others
lay their eggs in the dung of large mam-
mals. Some feed on dead animals and
lay their eggs in carcasses. Small her-
bivorous mammals, such as mice and
ground squirrels, are also common.
Birds are often associated with grazing
mammals. They eat the insects stirred
up by the mammals or feed on the in-
sects that bite them. Other birds feed on
seeds and other plant parts. Reptiles

(snakes and lizards) and other carni-
vores like coyotes, foxes, and hawks
feed on small mammals and insects.

Most of the moist grasslands of the
world have been converted to agricul-
ture, since the rich, deep soil that devel-
oped as a result of the activities of
centuries of soil building is useful for
growing cultivated grasses like corn
(maize) and wheat. The drier grasslands
have been converted to the raising of do-
mesticated grazers like cattle, sheep, and
goats. Therefore, little undisturbed grass-
land is left, and those fragments that re-
main need to be preserved as refuges for
the grassland species that once occupied
huge portions of the globe.

Savanna
Tropical parts of Africa, South America,
and Australia have extensive grasslands
spotted with occasional trees or patches
of trees. (See figure 6.12.) This kind of a
biome is often called a savanna. Al-
though savannas receive 50 to 150 cen-
timeters (20 to 60 inches) of rain per
year, the rain is not distributed evenly
throughout the year. Typically, a period
of heavy rainfall is followed by a pro-
longed drought. This results in a very
seasonally structured ecosystem. The
plants and animals time their reproduc-
tive activities to coincide with the rainy
period, when limiting factors are least
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Grassland Succession
Because there are many kinds of grasslands, it is difficult to general-
ize about how succession takes place in these areas. Most grasslands
in North America have been heavily influenced by agriculture and
the grazing of domesticated animals. The grasslands reestablished in
these areas may be quite different from the original ecosystem. How-
ever, there appear to be several stages typically involved in grassland
succession.

After land is abandoned from cultivation, a short period of one
to three years elapses in which the field is dominated by annual
broad-leaf weeds. In this respect, grassland succession is like decid-
uous forest succession. The next stage varies in length (10 or more
years) and is dominated by annual grasses. Usually, in these early
stages, the soil is in poor condition, lacking organic matter and nu-
trients. After several years, the soil fertility increases as organic ma-
terial accumulates from the death and decay of annual grasses. This

leads to the next stage in development, perennial grasses. Eventually,
a mature grassland develops as prairie flowers invade the area and
become interspersed with the grasses. In general, throughout this se-
quence, the soil becomes more fertile and of higher quality.

Because so much of the original North American grassland has
been used for agriculture, when the land is allowed to return to a
prairie, there may not be seeds of all of the original plants native to
the area. Thus, the grassland that results from secondary succession
may not be exactly like the original; some species may be missing.
Consequently, in many managed restorations of prairies, seeds that
are no longer available in the local soils are introduced from other
sources.

The low amount of rainfall and the fires typical of grasslands
generally cause the successional process to stop at this point. How-
ever, if more water becomes available or if fire is prevented, woody
trees may invade moist sites.

Actively farmed Recently abandoned Several years of succession
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figure 6.12 Savanna (a) Climagraph for Nairobi, Kenya. (b)
Savannas develop in tropical areas that have seasonal rainfall. They
typically have grasses as the dominant vegetation with drought-
and fire-resistant trees scattered through the area.

confining. The predominant plants are
grasses, but many drought-resistant, flat-
topped, thorny trees are common. As
with grasslands, fire is a common feature
of the savanna and the trees present are
resistant to fire damage. Many of these
trees are particularly important because
they are legumes that are involved in ni-
trogen fixation. They also provide shade
and nesting sites for animals. As with
grasslands, the predominant mammals
are the grazers. Wallabies in Australia,
wildebeests, zebras, elephants, and vari-
ous species of antelope in Africa, and
capybaras (rodents) in South America
are examples. In Africa, the large herds
of grazing animals provide food for
many different kinds of large carnivores
(lions, hyenas, leopards). Many kinds of
rodents, birds, insects, and reptiles are
associated with this biome. Among the
insects, mound-building termites are par-
ticularly common.

Mediterranean Shrublands
(Chaparral)
The Mediterranean shrublands are lo-
cated near an ocean and have wet, cool
winters and hot, dry summers. Rainfall
is 40 to 100 centimeters (15 to 40
inches) per year. As the name implies,
this biome is typical of the Mediter-
ranean coast and is also found in coastal
southern California, the southern tip of
Africa, a portion of the west coast of
Chile, and southern Australia. The vege-
tation is dominated by woody shrubs
that are adapted to withstand the hot, dry
summer. (See figure 6.13.) Often the
plants are dormant during the summer.
Fire is a common feature of this biome,
and the shrubs are adapted to withstand
occasional fires. The kinds of animals
vary widely in the different regions of
the world with this biome. Many kinds
of insects, reptiles, birds, and mammals

are found in these areas. In the chaparral
of California, rattlesnakes, spiders, coy-
otes, lizards, and rodents are typical in-
habitants.

Tropical Dry Forest
Another biome that is heavily influenced
by seasonal rainfall is known as the
tropical dry forest. Many of the tropical
dry forests have a monsoon climate in
which several months of heavy rainfall
are followed by extensive dry periods
ranging from a few to as many as eight
months. (See figure 6.14.) The rainfall
may be as low as 50 centimeters
(20 inches) or as high as 200 centimeters
(80 inches), but since the rainfall is highly
seasonal, many of the plants have special
adaptations for enduring drought. In
many of the regions that have extensive
dry periods, many of the trees drop their
leaves during the dry period. Tropical dry
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figure 6.13 Mediterranean Shrubland (a) Climagraph for
Rome, Italy. (b) Mediterranean shrublands are characterized by a
period of winter rains and a dry, hot summer. The dominant plants
are drought-resistant, woody shrubs.
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figure 6.14 Tropical Dry Forest (a) Climagraph for
Acapulco, Mexico. (b) Tropical dry forests typically have a period
of several months with no rain. In places where the drought is long,
many of the larger trees lose their leaves.
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Tropical Rainforests—A Special Case?
Today, there is considerable political and economic interest in how
tropical rainforests are used. Some would preserve them in their cur-
rent state, while others would use the trees and other forest resources
for economic gain. However, since tropical rainforests are located in
countries in which there are large numbers of poor people, there are
strong pressures to exploit forests for short-term economic benefit.
Most economic uses of the rainforest result in its destruction or reduce
its biodiversity.

Two hundred years ago, tropical rainforests covered about 1500
million hectares (3700 million acres), an area the size of Europe, but
today, only 900 million hectares (2200 million acres) remain. Modern
technology makes short work of clearing the rainforest, taking less
than an hour to clear 1 hectare (2.47 acres). Exactly how much rain-
forest is disappearing is not known, but it seems likely that over 20
million hectares (50 million acres) are destroyed each year. At this
rate, there will be no rainforests remaining in 50 years. The causes of
deforestation are easy to identify.

Logging
Rainforests were spared from exploitation in earlier years because of
their inaccessibility, the relative low value of most of the trees for tim-
ber purposes, and the limited world demand. Recently, this situation
has changed and a wide variety of tree species previously considered
worthless are now used for pulp or as cellulose for the production of
plastics. With new machines and better transportation, it has become
profitable to remove trees from previously remote areas. Often log-
ging companies are interested only in one or two hardwood species,
such as teak or mahogany. As there may be only three suitable trees in
a hectare, to remove them may not seem a threat. However, heavy ma-
chinery is needed to clear a path, and when the tree is felled and
dragged through the forest, the amount of damage to other trees can
be enormous. Faced with a high demand for their forest products,
most countries with rainforests have been willing to sign over timber
rights to foreign companies, hoping thereby to increase their national
incomes. Unfortunately, most of these timber contracts contain few or
no provisions for conservation.

Farming
Poor people seeking farmland make use of roads built by logging and
mining companies to gain access to previously remote areas. Govern-
ment policies often encourage people to settle in logged areas, even
though these areas are usually unsuitable for growing crops. The set-
tlers establish a shifting form of agriculture in which the trees are cut
down and burned. They grow vegetables in the clearing for two to
three years until the soil is depleted of its nutrients, then abandon the
clearing and move on to another place in the rainforest. The activities
of settlers prevent succession from occurring, so rainforest is perma-
nently lost.

Ranching
Large areas of rainforest are being burned down and converted into
ranchland, even though this is the worst possible use of the land. Cen-

tral America has already lost two-thirds of its rainforest to cattle
ranching. Where tropical rainforests have been cleared for pasture and
cattle ranches established, the production of meat hardly reaches
50 kilograms of meat/hectare/year (45 lb/acre/year) whereas North
American farms produce more than 600 kilograms of meat/hectare/
year (535 lb/acre/year). The soil quickly loses its scarce nutrients and
becomes useless. When this happens, the land is abandoned and more
rainforest is cleared.

Mining
Many rainforests are rich in oil deposits and mineral reserves such as
bauxite, coal, copper, diamonds, gold, iron ore, nickel, tin, and ura-
nium. While mining is a minor cause of deforestation, still land is
cleared for access and the mines are often in areas that are the only
habitats of certain plant and animal species. The small amount of de-
forestation can cause a disproportionate amount of damage, and the
mining often releases toxic wastes into rivers, destroying the animal
and plant life.

Biodiversity Resources
Tropical rainforests contain an amazing array of different kinds of or-
ganisms. Many kinds of foods and other useful products are derived
from rainforest plants. Every time we drink coffee, eat chocolate, ba-
nanas, or nuts, or use anything made of rubber, we are using products
originally discovered in the rainforests.

The following list points out the value of the diverse kinds of
plants that live in the tropics.

Fruit: pineapples, bananas, oranges, lemons, limes, grapefruit,
and tangerines

Vegetables: tomatoes, avocados, and many types of beans
Nuts: Brazil nuts, cashew nuts, peanuts, sesame seeds, and

coconuts
Spices: chilies, pepper, cloves, nutmeg, vanilla, cinnamon, and

turmeric
Drinks: tea, coffee, cocoa, chocolate, kola nut extract used in

Coca-Cola
Gums and resins: rubber for household and industrial goods,

copals for paints and varnishes, chicle gum used for
chewing gum, balata used in golf balls

One of the greatest potential benefits of rainforests is the possi-
bility of discovering new drugs. Plants contain many substances
known as phytochemicals that
help them deter insects from eat-
ing their leaves or have other
value to the plant. These same
chemicals often have use as
drugs. There is a one-in-four
chance that the next time you en-
ter a pharmacy for a prescription,
you will leave with a product de-
rived from the rainforest. Sev-
enty percent of plants identified

lobal Perspective

continued on next page



forests are found in parts of Central and
South America, Australia, Africa, and
Asia (particularly India and Myranmar).
Many of the species of animals found
here are also found in more moist tropi-
cal forests of the region. However, there
are fewer kinds in dry forests than in
rainforests.

Tropical Rainforest
Tropical rainforests are located near
the equator in Central and South Amer-
ica, Africa, Southeast Asia, and some is-
lands in the Caribbean Sea and Pacific
Ocean. (See figure 6.15.) The tempera-
ture is normally warm and relatively
constant. There is no frost, and it rains

nearly every day. Most areas receive in
excess of 200 centimeters (80 inches) of
rain per year. Some receive 500 cen-
timeters (200 inches) or more. Because
of the warm temperatures and abundant
rainfall, most plants grow very rapidly;
however, soils are usually poor in nutri-
ents because water tends to carry away
any nutrients not immediately taken up
by plants. Many of the trees have exten-
sive root networks, associated with
fungi (mycorrhiza), near the surface of
the soil that allow them to capture nutri-
ents from decaying vegetation before
the nutrients can be carried away. Be-
cause most of the nutrients in a tropical
rainforest are tied up in the biomass, not
in the soil, these areas do not make good

farmland. Rainfall is a source of new
nutrients since atmospheric particles and
gases dissolve as the rain falls. The
canopy contains many kinds of epi-
phytic plants (plants that live on the sur-
face of other plants) that trap many of
these nutrients in the canopy before they
can reach the soil. Many understory
species are vines that attach themselves
to the tall trees as they grow toward the
sun. When the vines reach the canopy,
they can compete effectively with their
supporting tree for available sunlight. In
addition to supporting various vines,
each tree serves as a surface for the
growth of ferns, mosses, and orchids.

Tropical rainforests have a greater
diversity of species than any other
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as having anticancer properties come from the rainforests. In fact, al-
most 50 percent of our medications are derived from plants, yet less
than 1 percent of tropical rainforest species have been examined for
their possible value in medicine.

Global Rainforest Services
Many people value rainforests for the services they provide. Large ex-
panses of rainforest alter weather conditions, protect soil from ero-

sion, and store large amounts of carbon. This carbon-storing function
is particularly important as we recognize we are adding large amounts
of carbon to the atmosphere as we burn fossil fuels. While these may
be valuable services, it is hard to put a monetary value on them.
Therefore, in most cases, the short-term economic benefits of logging
and agriculture tend to outweigh the long-term biodiversity and ser-
vice values provided by rainforests.
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figure 6.15 Tropical Rainforest (a) Climagraph for
Singapore. (b) Tropical rainforests develop in areas with high
rainfall and warm temperatures. They have an extremely diverse
mixture of plants and animals.
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biome. More species are found in the
tropical rainforests of the world than in
the rest of the world combined. A small
area of a few square kilometers is likely
to have hundreds of species of trees.
Furthermore, it is typical to have dis-
tances of a kilometer or more between
two individuals of the same species.
Balsa, teakwood, and many other orna-
mental woods are from tropical trees.
Each of those trees is home to a set of
animals and plants that use it as food,
shelter, or support. The canopy, which
forms a solid wall of leaves between the
sun and the forest floor, consists of two
or three levels. A few trees, called emer-
gent trees, protrude above the canopy.
Below the canopy is a layer of under-
story tree species. Recently, biologists
discovered a whole new community of
organisms that live in the canopy of
these forests. Since most of the sunlight
is captured by the trees, only shade-

tolerant plants live beneath the trees’
canopy.

Associated with this variety of
plants is an equally large variety of ani-
mals. Insects, such as ants, termites,
moths, butterflies, and beetles, are par-
ticularly abundant. Birds also are ex-
tremely common, as are many climbing
mammals, lizards, and tree frogs. The
insects are food for many of these
species. Since flowers and fruits are
available throughout the year, there are
many kinds of nectar- and fruit-feeding
birds and mammals. Their activities are
important in pollination and spreading
seeds throughout the forest. Because of
the low light levels and the difficulty of
maintaining visual contact with one an-
other, many of the animals communi-
cate by making noise.

Tropical rainforests are under in-
tense pressure from logging and agricul-
ture. Many of the countries where

tropical rainforests are present are poor
and seek to obtain jobs and money by
exploiting this resource. Generally, agri-
culture has not been successful because
the soils have few nutrients and cannot
withstand constant agricultural activity.
Forestry can be a sustainable activity,
but in many cases, it is not. The forests
are being cut down with no effort to pro-
tect them for long-term productivity.

Temperate Deciduous Forest
Forests in temperate areas of the world
that have a winter–summer change of
seasons typically have trees that lose
their leaves during the winter and re-
place them the following spring. This
kind of forest is called a temperate
deciduous forest and is typical of the
eastern half of the United States, parts of
south central and southeastern Canada,
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Forest Canopy Studies
In the past few years, a new frontier of ecological study has devel-
oped. Scientists have traditionally looked at forest ecosystems at
ground level. Trees were identified, understory species were catego-
rized, and the animals that live on or near the forest floor were stud-
ied. Gradually, scientists began to realize that many kinds of plants
and animals that are important parts of forest ecosystems rarely de-
scend from the tops of trees to the forest floor. They began to devise
methods for studying these canopy-dwelling organisms. Initially,
they relied on techniques and gear used by mountain climbers, but
that approach was labor intensive and dangerous. Recently, ecolo-
gists have established several sites where large construction cranes
have been built in forests. These cranes allow researchers to study
the chemistry, climate, and organisms found in the canopy.

Several surprising discoveries have been made, including the
discovery of new species of insects. A canopy study in an old-growth
temperate rainforest on Vancouver Island, British Columbia, identi-
fied more than 60 new species of insects. Researchers estimate that
hundreds of new species will eventually be identified. Similar stud-
ies in tropical forests have identified hundreds more new species of
insects. Studies in Panama recognized that vines (lianas) can consti-
tute up to 70 percent of the forest canopy and that these vines com-
pete for sunlight with the trees that support them.

The way in which animals use the canopy is another interesting
area of research. Birds, bats, monkeys, squirrels, and insects use spe-
cific parts of the forest canopy for food, nesting, and travel routes.
Researchers are learning much as they spend time in the forest
canopy with the animals.



southern Africa, and many areas of Eu-
rope and Asia.

These areas generally receive 75 to
100 centimeters (30 to 60 inches) of rel-
atively evenly distributed precipitation
per year. The winters are relatively mild,
and plants are actively growing for
about half the year. Each area of the
world has certain species of trees that
are the major producers for the biome.
(See figure 6.16.) In contrast to tropical
rainforests, where individuals of a tree
species are scattered throughout the for-
est, temperate deciduous forests gener-
ally have many fewer species, and many
forests may consist of two or three dom-
inant tree species. In deciduous forests
of North America and Europe, common
species are maples, aspen, birch, beech,
oaks, and hickories. These tall trees
shade the forest floor, where many small
flowering plants bloom in the spring.
These spring wildflowers store food in
underground structures. In the spring,
before the leaves come out on the trees,
the wildflowers can capture sunlight and
reproduce before they are shaded. Many

smaller shrubs also are found in the un-
derstory of these forests.

These forests are home to a great
variety of insects, many of which use
the leaves and wood of trees as food.
Beetles, moth larvae, wasps, and ants
are examples. The birds that live in
these forests are primarily migrants that
arrive in the spring of the year, raise
their young during the summer, and
leave in the fall. Many of these birds
rely on the large summer insect popula-
tion for their food. Others use the fruits
and seeds that are produced during the
summer months. A few kinds of birds,
including woodpeckers, grouse, turkeys,
and some finches, are year-round resi-
dents. Amphibians (frogs, toads, sala-
manders) and reptiles (snakes and
lizards) prey on insects and other small
animals. Several kinds of small and
large mammals inhabit these areas.
Mice, squirrels, deer, shrews, moles, and
opossums are common examples. Major
predators on these mammals are foxes,
badgers, weasels, coyotes, and birds of
prey.

Taiga, Northern Coniferous
Forest, or Boreal Forest
Throughout the southern half of Canada,
parts of northern Europe, and much of
Russia, there is an evergreen coniferous
forest known as the taiga, northern
coniferous forest, or boreal forest.
(See figure 6.17.) The climate is one of
short, cool summers and long winters
with abundant snowfall. The winters are
extremely harsh and can last as long as
six months. Typically, the soil freezes
during the winter. Precipitation ranges
between 25 and 100 centimeters (10 to
40 inches) per year. However, the cli-
mate is typically humid because there is
a great deal of snow melt in the spring
and generally low temperatures reduce
evaporation. The landscape is typically
dotted with lakes, ponds, and bogs.

Conifers such as spruces, firs, and
larches are the most common trees in
these areas. These trees are specifically
adapted to winter conditions. Winter is
relatively dry as far as the trees are con-
cerned because the moisture falls as
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figure 6.16 Temperate Deciduous Forest (a) Climagraph for
Chicago, Illinois. (b) A temperate deciduous forest develops in areas
that have significant amounts of moisture throughout the year but
where the temperature falls below freezing for parts of the year.
During this time, the trees lose their leaves. This kind of forest once
dominated the eastern half of the United States and southeastern
Canada.



snow and stays above the soil until it
melts in the spring. The needle-shaped
leaves are adapted to prevent water loss;
in addition, the larches lose their needles
in the fall. The branches of these trees
are flexible, allowing them to bend un-
der a load of snow so that the snow
slides off the pyramid-shaped trees
without greatly damaging them. As with
the temperate deciduous forest, many of
the inhabitants of this biome are tem-
porarily active during the summer. Most
birds are migratory and feed on the
abundant summer insect population,
which is not available during the long,
cold winter. A few birds, such as wood-
peckers, owls, and grouse, are perma-
nent residents. Typical mammals are
deer, caribou, moose, wolves, weasels,
mice, snowshoe hares, and squirrels.
Because of the cold, few reptiles and
amphibians live in this biome.

Tundra
North of the taiga is the tundra, a biome
that lacks trees and has a permanently

frozen subsurface soil. This frozen soil
layer is known as permafrost. (See fig-
ure 6.18.) Because of the permanently
frozen soil and extremely cold, windy
climate (up to 10 months of winter), no
trees can live in the area. Although the
amount of precipitation is similar to that
in some deserts—less than 25 centime-
ters (10 inches) per year—the short
summer is generally wet because the
winter snows melt in the spring and
summer temperatures are usually less
than 10�C (50�F), which reduces the
evaporation rate. Since the permafrost
does not let the water sink into the soil,
waterlogged soils and many shallow
ponds and pools are present. Many
waterfowl like ducks and geese migrate
to the tundra in the spring; there, they
mate and raise their young during the
summer before migrating south in the
fall. When the top few centimeters
(inches) of the soil thaw, many plants
(grasses, dwarf birch, dwarf willow) and
lichens, such as reindeer moss, grow.
The plants are short, usually less than 20
centimeters (8 inches) tall.

Clouds of insects are common dur-
ing the summer and serve as food for
migratory birds. Permanent resident
birds are the ptarmigan and snowy owl.
No reptiles or amphibians survive in this
extreme climate. A few hardy mammals
like musk oxen, caribou (reindeer), arc-
tic hare, and lemmings can survive by
feeding on the grasses and other plants
that grow during the short, cool summer.
Arctic foxes, wolves, and owls are the
primary predators in this region. Be-
cause of the very short growing season,
damage to this kind of ecosystem is
slow to heal, so the land must be han-
dled with great care.

Scattered patches of tundralike com-
munities also are found on mountaintops
throughout the world. These are known
as alpine tundra. Although the general
appearance of the alpine tundra is simi-
lar to true tundra, many of the species of
plants and animals are different. Many
of the birds and large mammals migrate
up to the alpine tundra during the sum-
mer and return to lower elevations as the
weather turns cold.
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figure 6.17 Taiga, Northern Coniferous Forest, or Boreal
Forest (a) Climagraph for Moscow. (b) The taiga, northern
coniferous forest, or boreal forest occurs in areas with long winters
and heavy snowfall. The trees have adapted to these conditions and
provide food and shelter for the animals that live there.



Major Aquatic
Ecosystems
Terrestrial biomes are determined by the
amount and kind of precipitation and by
temperatures. Other factors, such as soil
type and wind, also play a part. Aquatic
ecosystems also are shaped by key envi-
ronmental factors. Several important
factors are the ability of the sun’s rays to
penetrate the water, the depth of the wa-
ter, the nature of the bottom substrate,
the water temperature, and the amount
of dissolved salts.

Marine Ecosystems
An important determiner of the nature
of aquatic ecosystems is the amount of
salt dissolved in the water. Those that
have little dissolved salt are called
freshwater ecosystems, and those that
have a high salt content are called
marine ecosystems.

Pelagic Marine Ecosystems

In the open ocean, many kinds of organ-
isms float or swim actively. Crustaceans,
fish, and whales swim actively as they
pursue food. Organisms that are not at-
tached to the bottom are called pelagic
organisms, and the ecosystem they are a
part of is called a pelagic ecosystem.
The term plankton is used to describe
aquatic organisms that are so small and
weakly swimming that they are simply
carried by currents. As with all ecosys-
tems, the organisms at the bottom of the
energy pyramid carry on photosynthesis.
The planktonic organisms that carry on
photosynthesis are called phytoplankton.
In the open ocean, a majority of these or-
ganisms are small, microscopic, floating
algae and bacteria. The upper layer of
the ocean, where the sun’s rays pene-
trate, is known as the euphotic zone. It
is in this euphotic zone where phyto-
plankton are most common. The thick-
ness of the euphotic zone varies with
the degree of clarity of the water but
in clear water can be up to 150 meters

(500 feet) in depth. Small, weakly swim-
ming animals of many kinds, known as
zooplankton, feed on the phytoplank-
ton. Zooplankton are often located at a
greater depth in the ocean than the phy-
toplankton but migrate upward at night
and feed on the large population of phy-
toplankton. The zooplankton are in turn
eaten by larger animals like fish and
larger shrimp, which are eaten by larger
fish like salmon, tuna, sharks, and mack-
erel. (See figure 6.19.)

A major factor that influences the
nature of a marine community is the
kind and amount of material dissolved
in the water. Of particular importance is
the amount of dissolved, inorganic nu-
trients available to the organisms carry-
ing on photosynthesis. Phosphorus,
nitrogen, and carbon are all required for
the construction of new living material.
In water, these are often in short supply.
Therefore, the most productive aquatic
ecosystems are those in which these es-
sential nutrients are most common.
These areas include places in oceans
where currents bring up nutrients that
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figure 6.18 Tundra (a) Climagraph for Fairbanks, Alaska.
(b) In the northern latitudes and on the tops of some mountains, the
growing season is short and plants grow very slowly. Trees are
unable to live in these extremely cold areas, in part because there is a
permanently frozen layer of soil beneath the surface, known as the
permafrost. Because growth is so slow, damage to the tundra can still
be seen generations later.
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figure 6.19 Marine Ecosystems All of the photosynthetic activity of the ocean occurs in the shallow water called the euphotic zone,
either by attached algae near the shore or by minute phytoplankton in the upper levels of the open ocean. Consumers are either free-swimming
pelagic organisms or benthic organisms that live on the bottom. Small animals that feed on phytoplankton are known as zooplankton.

have settled to the bottom and places
where rivers deposit their load of sus-
pended and dissolved materials.

Benthic Marine Ecosystems

Organisms that live on the ocean bot-
tom, whether attached or not, are known
as benthic organisms, and the ecosys-
tem of which they are a part is called a
benthic ecosystem. Some fish, clams,
oysters, various crustaceans, sponges,
sea anemones, and many other kinds of
organisms live on the bottom. In shal-
low water, sunlight can penetrate to the
bottom, and a variety of attached photo-
synthetic organisms commonly called

seaweeds are common. Since they are
attached and some, like kelp, can grow
to very large size, many other bottom-
dwelling organisms, such as sea urchins,
worms, and fish, are associated with
them.

The substrate is very important in
determining the kind of benthic commu-
nity that develops. Sand tends to shift
and move, making it difficult for large
plants or algae to become established,
although some clams, burrowing
worms, and small crustaceans find sand
to be a suitable habitat. Clams filter wa-
ter and obtain plankton and detritus or
burrow through the sand, feeding on
other inhabitants. Mud may provide

suitable habitats for some kinds of
rooted plants, such as mangrove trees or
sea grasses. Although mud usually con-
tains little oxygen, it still may be inhab-
ited by a variety of burrowing organisms
that feed by filtering the water above
them or that feed on other animals in the
mud. Rocky surfaces in the ocean pro-
vide a good substrate for many kinds of
large algae. Associated with this profuse
growth of algae is a large variety of ani-
mals. (See figure 6.20.)

Temperature also has an impact on
the kind of benthic community estab-
lished. Some communities, such as coral
reefs or mangrove swamps, are found
only in areas where the water is warm.
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figure 6.20 Types of Shores The kind of substrate determines the kind of organisms that can live near the shore. Rocks provide areas
for attachment that sands do not, since sands are constantly shifting. Muds usually have little oxygen in them; therefore, the organisms that
live there must be adapted to those kinds of conditions.



Coral reef ecosystems are produced by
coral animals that build cup-shaped ex-
ternal skeletons around themselves.
Corals protrude from their skeletons to
capture food and expose themselves to
the sun. Exposure to sunlight is impor-
tant because corals contain single-celled
algae within their bodies. These algae
carry on photosynthesis and provide
both themselves and the coral animals
with the nutrients necessary for growth.
This mutualistic relationship between
algae and coral is the basis for a very
productive community of organisms.
The skeletons of the corals provide a
surface upon which many other kinds of
animals live. Some of these animals
feed on corals directly, while others feed
on small plankton and bits of algae that
establish themselves among the coral
organisms. Many kinds of fish, crus-
taceans, sponges, clams, and snails are
members of coral reef ecosystems. 

Because they require warm water,
coral ecosystems are found only near

the equator. Coral ecosystems also re-
quire shallow, clear water since the al-
gae must have ample sunlight to carry
on photosynthesis. Coral reefs are con-
sidered one of the most productive
ecosystems on Earth. (See figure 6.21.)

Mangrove swamp ecosystems oc-
cupy a region near the shore. The domi-
nant organisms are special kinds of trees
that are able to tolerate the high salt con-
tent of the ocean. In areas where the wa-
ter is shallow and wave action is not too
great, the trees can become established.
They have long seeds that float in the
water. When the seeds become trapped
in mud, they take root. The trees can ex-
crete salt from their leaves. They also
have extensively developed roots that
extend above the water, where they can
obtain oxygen and prop up the plant. The
trees trap sediment and provide places
for oysters, crabs, jellyfish, sponges, and
fish to live. The trapping of sediment and
the continual extension of mangroves
into shallow areas result in the develop-
ment of a terrestrial ecosystem in what
was once shallow ocean. Mangroves are
found in south Florida, the Caribbean,
Southeast Asia, Africa, and other parts of
the world where tropical mudflats occur.
(See figure 6.22.)

At great depths in the ocean is a
benthic ecosystem that must rely on a
continuous rain of organic matter from

the euphotic zone. These areas are
known as abyssal areas, and the ecosys-
tem is known as an abyssal ecosystem.
No light penetrates to this region, and
the amount of food available is limited.
Essentially, all of the organisms in this
environment are scavengers that feed on
whatever drifts their way. Many of the
animals are small and generate light that
they use for finding or attracting food.

Estuaries

An estuary is a special category of
aquatic ecosystem, that consists of shal-
low, partially enclosed areas where fresh-
water enters the ocean. The saltiness of
the water in the estuary changes with
tides and the flow of water from rivers.
The organisms that live here are spe-
cially adapted to this set of physical con-
ditions, and the number of species is less
than in the ocean or in freshwater. Estu-
aries are particularly productive ecosys-
tems because of the large amounts of
nutrients introduced into the basin from
the rivers that run into them. This is fur-
ther enhanced by the fact that the shallow
water allows light to penetrate to most of
the water in the basin. Phytoplankton and
attached algae and plants are able to use
the sunlight and the nutrients for rapid
growth. This photosynthetic activity
supports many kinds of organisms in the
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figure 6.21 Coral Reef Corals are
small sea animals that secrete external
skeletons. They have a mutualistic
relationship with certain algae, which
allows both kinds of organisms to be very
successful. The skeletal material serves as a
substrate upon which many other kinds of
organisms live.

figure 6.22 Mangrove Swamp Mangroves are tropical trees that are able to live in
very wet, salty muds found along the ocean shore. Since they are able to trap additional
sediment, they tend to extend farther seaward as they reproduce.
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figure 6.23 Lake Ecosystem Lakes are similar in structure to oceans except that the species are different because most marine organisms
cannot live in freshwater. Insects are common organisms in freshwater lakes, as are many kinds of fish, zooplankton, and phytoplankton.

estuary. Estuaries are especially impor-
tant as nursery sites for fish and crus-
taceans like flounder and shrimp. The
adults enter these productive, sheltered
areas to reproduce and then return to the
ocean. The young spend their early life in
the estuary and eventually leave as they
get larger and are more able to survive in
the ocean. Estuaries also trap sediment.
This activity tends to prevent many kinds
of pollutants from reaching the ocean
and also results in the gradual filling in
of the estuary, which may eventually be-
come a salt marsh and then part of a ter-
restrial ecosystem.

Freshwater Ecosystems
Freshwater ecosystems differ from ma-
rine ecosystems in several ways. The
amount of salt present is much less, the
temperature of the water can change

greatly, the water is in the process of
moving to the ocean, oxygen can often be
in short supply, and the organisms that in-
habit freshwater systems are different.

Freshwater ecosystems can be di-
vided into two categories: those in
which the water is relatively stationary,
such as lakes, ponds, and reservoirs, and
those in which the water is running
downhill, such as streams and rivers.

Lakes and Ponds

Large lakes have many of the same
characteristics as the ocean. If the lake is
deep, there is a euphotic zone at the top,
with many kinds of phytoplankton, and
zooplankton that feed on the phyto-
plankton. Small fish feed on the zoo-
plankton and are in turn eaten by larger
fish. The species of organisms found in
freshwater lakes are different from those

found in the ocean, but the roles played
are similar, so the same terminology is
used.

Along the shore and in the shal-
lower parts of lakes, many kinds of
flowering plants are rooted in the bot-
tom. Some have leaves that float on the
surface or protrude above the water and
are called emergent plants. Cattails,
bulrushes, arrowhead plants, and water
lilies are examples. Rooted plants that
stay submerged below the surface of the
water are called submerged plants.
Elodea and Chara are examples.

Many kinds of freshwater algae also
grow in the shallow water, where they
may appear as mats on the bottom or at-
tached to vegetation and other objects in
the water. Associated with the plants and
algae are a large number of different
kinds of animals. Fish, crayfish, clams,
and many kinds of aquatic insects are



common inhabitants of this mixture of
plants and algae. This region, with rooted
vegetation, is known as the littoral zone,
and the portion of the lake that does
not have rooted vegetation is called the
limnetic zone. (See figure 6.23.)

The productivity of the lake is deter-
mined by several factors. Temperature is
important, since cold temperatures tend
to reduce the amount of photosynthesis.
Water depth is important because shallow
lakes will have light penetrating to the
lake bottom, and therefore, photosynthe-
sis can occur throughout the entire water
column. Shallow lakes also tend to be
warmer as a result of the warming effects
of the sun’s rays. A third factor that influ-
ences the productivity of lakes is the
amount of nutrients present. This is pri-
marily determined by the rivers and
streams that carry nutrients to the lake.
River systems that run through areas that
donate many nutrients will carry the nu-
trients to the lakes. Farming and con-
struction expose soil and release
nutrients, as do other human activities
such as depositing sewage into streams
and lakes. Deep, clear, cold, nutrient-
poor lakes are low in productivity and are
called oligotrophic lakes. Shallow,
murky, warm, nutrient-rich lakes are
called eutrophic lakes.

Although the water molecule (H2O)
has oxygen as part of its structure, this
oxygen is not available to organisms.
The oxygen that they need is dissolved
molecular oxygen (O2), which enters
water from the air or when it is released
as a result of photosynthesis by aquatic
plants. When water tumbles over rocks
in a stream or crashes on the shore as a
result of wave action, air and water mix,
which allows more oxygen to dissolve
in the water.

The dissolved oxygen content of the
water is important since the quantity of
oxygen determines the kinds of organ-
isms that can inhabit the lake. When or-
ganic molecules enter water, they are
broken down by bacteria and fungi.

These decomposer organisms use oxy-
gen from the water as they perform res-
piration. The amount of oxygen used by
decomposers to break down a specific
amount of organic matter is called the
biochemical oxygen demand or BOD.
Organic materials enter aquatic ecosys-
tems in several ways. The organisms
that live in the water produce the meta-
bolic wastes. When organisms that live
in or near water die or shed parts, their
organic matter is contributed to the wa-
ter. The amount of nutrients entering the
water is also important, since the algae
and plants whose growth is stimulated
will eventually die and their decomposi-
tion will reduce oxygen concentration.
Many bodies of water experience a re-
duced oxygen level during the winter
when producers die. The amount and
kinds of organic matter determine, in
part, how much oxygen is left to be used
by other organisms, such as fish, crus-
taceans, and snails. Many lakes may ex-
perience periods when oxygen is low,
resulting in the death of fish and other
organisms. Human activity often influ-
ences the health of bodies of water, be-
cause we tend to introduce nutrients
from agriculture and organic wastes
from a variety of industrial, agricultural,
and municipal sources. These topics are
discussed in greater depth in chapter 16.

Streams and Rivers

Streams and rivers are a second category
of freshwater ecosystem. Since the water
is moving, planktonic organisms are less
important than are attached organisms.
Most algae grow attached to rocks and
other objects on the bottom. This collec-
tion of attached algae, animals, and fungi
is called the periphyton. Since the water
is shallow, light can penetrate easily to
the bottom (except for large or extremely
muddy rivers). Even so, it is difficult for
photosynthetic organisms to accumulate
the nutrients necessary for growth, and
most streams are not very productive. As

a matter of fact, the major input of nutri-
ents is from organic matter that falls into
the stream from terrestrial sources.
These are primarily the leaves from trees
and other vegetation, as well as the bod-
ies of living and dead insects. 

Within the stream is a community of
organisms that are specifically adapted
to use the debris as a source of food.
Bacteria and fungi colonize the organic
matter, and many kinds of insects shred
and eat this organic matter along with
the fungi and bacteria living on it. The
feces (intestinal wastes) of these insects
and the tiny particles produced during
the eating process become food for other
insects that build nets to capture the tiny
bits of organic matter that drift their way.
These insects are in turn eaten by carniv-
orous insects and fish.

Organisms in larger rivers and
muddy streams, which have less light
penetration, rely in large part on the
food that drifts their way from the many
streams that empty into the river. These
larger rivers tend to be warmer and to
have slower-moving water. Conse-
quently, the amount of oxygen is usually
less, and the species of plants and ani-
mals change. Any additional organic
matter added to the river system adds to
the BOD, further reducing the oxygen in
the water. Plants may become estab-
lished along the river bank and con-
tribute to the ecosystem by carrying on
photosynthesis and providing hiding
places for animals.

Just as estuaries are a bridge be-
tween freshwater and marine ecosys-
tems, swamps and marshes are a
transition between aquatic and terrestrial
ecosystems. Swamps are wetlands that
contain trees that are able to live in
places that are either permanently
flooded or flooded for a major part of
the year. Marshes are wetlands that are
dominated by grasses and reeds. Many
swamps and marshes are successional
states that eventually become totally ter-
restrial communities.
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Ecosystems change as one kind of organism replaces another
in a process called succession. Ultimately, a relatively stable
stage is reached, called the climax community. Succession
may begin with bare rock or water, in which case it is called
primary succession, or may occur when the original ecosys-
tem is destroyed, in which case it is called secondary succes-
sion. The stages that lead to the climax are called successional
stages.

Major regional terrestrial climax communities are called
biomes. The primary determiners of the kinds of biomes that
develop are the amount and yearly distribution of rainfall and
the yearly temperature cycle. Major biomes are desert, grass-
land, savanna, Mediterranean shrublands, tropical dry forest,
tropical rainforest, temperate deciduous forest, taiga, and tun-
dra. Each has a particular set of organisms that is adapted to

the climatic conditions typical for the area. As one proceeds
up a mountainside, it is possible to witness the same kind of
change in biomes that occurs if one were to travel from the
equator to the North Pole.

Aquatic ecosystems can be divided into marine (salt-
water) and freshwater ecosystems. In the ocean, some organ-
isms live in open water and are called pelagic organisms.
Light penetrates only the upper layer of water; therefore, this
region is called the euphotic zone. Tiny photosynthetic organ-
isms that float near the surface are called phytoplankton. They
are eaten by small animals known as zooplankton, which in
turn are eaten by fish and other larger organisms.

The kind of material that makes up the shore determines
the mixture of organisms that live there. Rocky shores provide
surfaces for organisms to attach; sandy shores do not. Muddy

Summary

issues–analysis–issues–analysis–issues–
Protecting Old-Growth Temperate Rainforests of the Pacific Northwest

The coastal areas of northern California, Oregon, Washington,
British Columbia, and southern Alaska have an unusual set of envi-
ronmental conditions that support a special kind of forest, a
temperate rainforest. The prevailing winds from the west bring
moisture-laden air to the coast. As this air meets the coastal moun-
tains and is forced to rise, it cools and the moisture falls as rain or
snow. Most of these areas receive 200 or more centimeters (80 or
more inches) of precipitation per year. This abundance of water,
along with fertile soil and mild temperatures, results in a luxuriant
growth of plants.

Sitka spruce, Douglas fir, and western hemlock are typical
evergreen coniferous trees.
Undisturbed (old-growth)
forests of this region have
trees as old as 800 years
that are almost as tall as
the length of a football
field. Deciduous trees of
various kinds (red alder,
bigleaf maple, black
cottonwood) grow in
places where they can get
enough light. All trees are
covered with mosses,
ferns, and other plants that
grow on their surface. The
dominant color is green,
since most surfaces have
something growing on
them.

When a tree dies and falls to the ground, it rots in place and of-
ten serves as a site for the establishment of new trees. This is such
a common feature of the forest that the fallen, rotting trees are
called nurse trees. The fallen trees also serve as a food source for a
variety of insects, which are food for a variety of other animals.
Several endangered or threatened animals, such as the northern
spotted owl, the marbled murrelet (a seabird), and the Roosevelt
elk, are dependent on undisturbed forest for their survival.

Because of the rich resource of trees, 90 percent of the original
temperate rainforest has been logged. What remains has become a
source of controversy. Some maintain that it should be protected as
a remnant of the original forest of the region, just as small patches
of prairie and eastern woodland have been preserved in other parts
of North America. Others point out that the intact old-growth forest
must be preserved to protect endangered species. Some maintain
that since the trees are old and will die in the near future, they
should be harvested for their timber value and the jobs the logging
will provide. Others counter that dying and dead trees are important
to the maintenance of this unique ecosystem. The fate of this un-
usual ecosystem is not likely to be resolved without legislation or
legal action.

• List three components you would include in a law that would
protect this ecosystem.

• What compromises can you offer to those who feel the forest
should be used for timber?

• If there were no endangered species in the region, would you
feel differently?



1. Describe the process of succession. How does primary succes-
sion differ from secondary succession?

2. How does a climax community differ from a successional
community?

3. List three characteristics typical of each of the following bi-
omes: tropical rainforest, desert, tundra, taiga, savanna, Mediter-
ranean shrublands, tropical dry forest, grassland, and temperate
deciduous forest.

4. What two primary factors determine the kind of terrestrial
biome that will develop in an area?

5. How does height above sea level affect the kind of biome
present?

6. What areas of the ocean are the most productive?
7. How does the nature of the substrate affect the kinds of organ-

isms found at the shore?
8. What is the role of each of the following organisms in a marine

ecosystem: phytoplankton, zooplankton, algae, coral animals,
and fish?

9. List three differences between freshwater and marine ecosystems.
10. What is an estuary? Why are estuaries important?
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Key Terms

Review Questions

shores are often poor in oxygen, but marshes and swamps
may develop in these areas. Coral reefs are tropical marine
ecosystems dominated by coral animals. Mangrove swamps
are tropical marine shoreline ecosystems dominated by trees.
Estuaries occur where freshwater streams and rivers enter the
ocean. They are usually shallow, very productive areas. Many
marine organisms use estuaries for reproduction.

Insects are common in freshwater and absent in marine
systems. Lakes show a structure similar to that of the ocean,

but the species are different. Deep, cold-water lakes with poor
productivity are called oligotrophic, while shallow, warm-
water, highly productive lakes are called eutrophic. Streams
differ from lakes in that most of the organic matter present in
them falls into them from the surrounding land. Thus, organ-
isms in streams are highly sensitive to the land uses that occur
near the streams.
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Concept Map
Construct a map to show relationships among the following concepts:

primary succession
secondary succession
biome
climax community

pioneer community
prairie
temperate deciduous forest

northern coniferous forest
tundra
successional stage

Field Methods for Studies of Ecosystems

Succession and Stability

Biomes and Environmental Habitats

Deserts

Savannah

Grasslands

Rangelands and Land Use Issues

Tropical Rainforests

Tropical Rainforests and Land Use Issues

Tropical Forests and Extinction

Temperate Forests

Nontropical Forests and Land Use Issues

Taiga

Tundra

Marine Habitats

Marine Ecology

The Marine Pelagic Zone

The Marine Deep Sea Zone

Shallow Subtidal Communities

Estuaries

Mangroves

Coral Reefs 

Freshwater Habitats

Interactive Exploration
Check out the website at http://www.mhhe.com/environmentalscience and click on the cover of this textbook for quizzing, career
information, case studies, and hot links for the following topics:

Critical Thinking Questions
1. Does the concept of a “climax community” make sense? Why

or why not?
2. What do you think about restoring ecosystems that have been

degraded by human activity? Should it be done or not? Why?
Who should pay for this reconstruction?

3. Identify the biome in which you live. What environmental factors
are instrumental in maintaining this biome? What is the current
health of your biome? What are the current threats to its health?
How might your biome have looked 100, 1000, 10,000 years ago?

4. Imagine you are a conservation biologist who is being asked by
local residents what the likely environmental outcomes of de-
velopment would be in the tropical rainforest in which they live.
What would you tell them? Why do you give them this evalua-
tion? What evidence can you cite for your claims?

5. The text says that 90 percent of the old-growth temperate rain-
forest in the Pacific Northwest has been logged. What to do
with the remaining 10 percent is still a question. Some say it
should be logged, and others say it should be preserved. What
values, beliefs, and perspectives are held by each side? What is
your ethic regarding logging old-growth in this area? What val-
ues, beliefs, and perspectives do you hold regarding this issue?

6. Much of the old-growth forest in the United States has been
logged, economic gains have been realized, and second-growth
forests have become established. This is not the case in the trop-
ical rainforests, although they are being lost at alarming rates.
Should developed countries, which have already “cashed in” on
their resources, have anything to say about what is happening in
developing countries? Why do you think the way you do?


