
CHAPTER OUTLINE

How many people can Earth support?
Perhaps no question is more important,

and yet it is a devilishly difficult question to
answer. Support how? As a sprawl of dense
cities surrounded by factory farms, with every
hectare put “to use”? Or as a planet where
some nature survives to provide spiritual
sustenance to its people, where the plants and
animals that evolved along with us still live
alongside us?

These questions are pressing. Even as the
population of Japan and Western Europe has
stabilized, the U.S. population continues to
grow about 1 percent per year. The current
population, 6.5 billion, could grow past 9 billion
by 2050. Because Americans have such a high
standard of living, our impact exceeds our num-
bers. As an example of this impact, the United
States uses more than 25 percent of world oil
production, even though our population is less
than 5 percent of the globe’s.

But people alone do not impact the
environment: the best way to view the
human impact is with this simple equa-
tion: population � technology � im-
pact. The advancing science of environ-
mental economics should provide a
better idea of how we can live on the
Earth without destroying it. This chapter
examines environmental and ecological
science from a particular point of view:
Our decisions should be based on how
our actions will affect the seventh gener-
ation. The long-term goal is to practice
sustainable development: in other words, pro-
ducing the goods we need, while making sure
that our grandchildren can do the same.
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666 CHAPTER 20 Ecology and Societal Issues

hroughout this book, you
have been studying human
life, examining the inner
workings of an individual.

One thing that should be abundantly clear
by now is that in biology, nothing happens in
isolation. Every muscle contraction, every
chemical reaction, every breath you take af-
fects your entire body. Homeostasis is a con-
stant balancing act between the inevitable
environmental consequences of vital activi-
ties and the need to remain in the optimal
range of conditions needed for those activi-
ties. We have looked at a closed system, the
human organism, to appreciate this inter-
play.

But now we need to step back a bit.
The intricate interplay of energy and mole-
cules within your body has parallels in our
exterior environment. Water moves through
the environment in a predictable pattern,
much as it moves through your body. Energy
is harvested and used to create and power
organisms just as your body harvests and uses
energy to create proteins and power activi-
ties. Does the entire North American conti-
nent, or even the entire Earth, need to main-
tain a similar homeostatic balance (Figure

20.1)? How do we as humans fit into the
larger world picture?

Introduction

LEARNING OBJECTIVES

Define ecosystem, population, and community.

List and describe the major biomes.

T

Humans and the globe Figure 20.1

Human activity leaves visible footprints on the globe.

It is time we seriously consider the impact of our

actions.

Ecosystems Define Plants and Animals 
Living Together

he land, water, and air of Earth, with life
in all its varied life forms, comprise our
biosphere. Within this biosphere are
smaller interrelated units called ecosys-

tems. The field of ecology attempts to interpret and ex-
plain the interactions between the biotic (living) and
abiotic (nonliving) components of ecosystems. The
teeming, diverse life forms that exist all around us are
part of our ecosystem. We interact with these organisms
and the physical environment, sharing the resources
and hazards of the area.

There are many ecosystems on Earth, each of
which interacts with the others in an intricate web of
dependency. The interaction between plants and ani-

mals in a defined area provides the basis of that ecosys-
tem. The area can be as large as an ocean or as small as
a park in the center of a city. The key to an ecosystem is
that it is in balance and that the organisms in the
ecosystem work together as a functional unit. In ecosys-
tems, this type of interdependency is exemplified by a
nonlinear relationship, such as most predator–prey in-
teractions (Figure 20.2). When prey populations
increase, predators have more food. This in turn allows
the predator population to increase. But more preda-
tors mean less prey. Eventually, the prey population de-
creases, and then the predator population follows. The
balance between these two populations keeps the
ecosystem functioning in the future, so the habitat is
not destroyed through the depletion of ecosystem re-
sources.

COMMUNITIES ARE GROUPS 
OF POPULATIONS INTERACTING 
WITH ONE ANOTHER

Within ecosystems are communities—groups of organ-
isms interacting with one another, living in the same
area, and surviving under the same physical conditions.
In New York City, for example, there are as many as 59
distinct communities. One such community includes
the plants, animals, and people that live and interact in
Midtown Manhattan, bordering Central Park. The com-
munity of this area consists of the grasses and plants of
Central Park, along with the people who live and work
around the park. Their pets, pests, and indigenous ani-
mals are also part of this community, including dogs,
cats, various insects, birds, and rodents. Each of these
organisms interacts with the others, living in close prox-
imity under the same or extremely similar conditions.

T
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Typical predator–prey interactions
Figure 20.2

This graph shows the relationship between a predator species

and its prey over a 20-year span. Note that when the prey

population increases, the predator population follows soon

after. When the predator population gets too high, the prey

population plummets, followed soon thereafter by the predator

population.

Understand the changes communities go through as they mature.

Compare primary and secondary succession.
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changes. Natural communities
undergo constant change, with
the dominant population shift-
ing with conditions. This sequen-
tial change in species dominance
is called succession. We could ob-
serve succession in a lawn in a hu-
mid region if we suddenly quit
caring for it. The “weeds” we constantly fight in a mani-
cured lawn would outcompete the grass for the sun-
light, take over the yard, and choke out slower growing
plants. Insects that pollinate the weeds will then move
in, altering the dominant insect species. The weeds will
be slowly replaced by shrubs or trees, which are slower
growing but able to reach above the weeds and catch
more sunlight. Birds and other insect predators move
into the shrubs. The shrubs may eventually be outcom-
peted by trees. Larger mammals can live beneath the
trees and begin to infiltrate the area. Slow-growing
hardwood trees will finally appear, turning your yard
into a forest.

ecosystems (Figure 20.3). It is difficult to talk only
of communities because the physical environment plays
such a large role in determining which populations are
able to survive.

ECOLOGICAL SUCCESSION 
CAN BE PREDICTED

One amazing thing about communities is their fluidity.
We interact with other populations in our community
daily; therefore, we are not often aware of subtle

Ecosystems Define Plants and Animals Living Together      669668 CHAPTER 20 Ecology and Societal Issues

Boreal forest/ Temperate Tropical 
Alpine forest forest Tundra Grasslands Chaparral Desert Savanna

Location Northern 
hemisphere between
latitudes 50° and 
60° N

Eastern North 
America, 
northeastern Asia,
western and central
Europe

Near the equator 
between latitudes
23.5° N and 23.5° S

55° to 70° N Middle latitudes, 
in the interiors of 
continents

Temperature Very low �30° to 30°C Varies little between
20° and 25°C

Ice covered; 
56°C

�40° to 21°C

Precipitation Annual rainfall be-
tween 400 and 
1000 mm

Annual rainfall 
between 750 and 
1500 mm

Annual rainfall 
exceeds 2000 mm

152–254 mm of snow
annually

254–1524 mm of rain
annually

Soil type Deficient in nutrients,
thin and acidic

Fertile and enriched
with decaying litter

Deficient in nutrients
and acidic

Permafrost Thin and dry, rich

Dominant flora Evergreen conifers
such as jack pine, 
balsam fir, and black
spruce

Broadleaved species
such as oak, hickory,
beech, hemlock,
maple, elm, and 
willow

Trees reach 25 to 
35 m while plants 
include orchids,
bromeliads, vines,
ferns, mosses, and
palms

Shrubs, sedges,
mosses, lichens, and
grasses, flowers

Buffalo grass, sun-
flower, crazy weed,
asters, blazing stars,
coneflowers, 
goldenrods, clover,
and wild indigos.

Dominant fauna Woodpeckers, hawks,
woodland caribou,
bears, weasels, lynxes,
foxes, wolves, deer,
hares, chipmunks,
and shrews.

Squirrels, rabbits,
skunks, birds, deer,
mountain lions, bob-
cats, timber wolves,
and foxes

Birds, bats, small
mammals, and insects

Caribou, musk ox, po-
lar bear, shrews, hares,
rodents, wolves, foxes,
bears and deer

Coyotes, eagles, bob-
cats, the gray wolf,
wild turkey, fly
catcher, canadian
geese, crickets, dung
beetle, bison, and
prairie chicken

Relationship between biosphere, ecosystem,
community, population, and individual
Figure 20.3

In this image you can see individual organisms interacting in

populations. All of the reef populations taken together comprise

the reef community. When you include the sandy ocean bottom

and the water column along with the organisms, you are

discussing the reef ecosystem. The entire marine ecosystem is a

part of the biosphere.

Dominant 
population
The population with

the largest number

of individuals in 

an area.

West coast of the
United States, the
west coast of South
America, the Cape
Town area of South
Africa, the western
tip of Australia, and
the coastal areas
of the Mediterranean

Hot and dry deserts
are near the Tropic
of Cancer or the
Tropic of Capricorn,
cold deserts are near
the Arctic

Wide band on either
side of the equator
on the edges of tropi-
cal rainforests

10°–40°C 20 to 49°C; 
2 to 26°C

Averages 21°C

381–635 mm
annually

150–260 mm
annually

100 mm in the dry
season, 635 mm in
the wet season

Rocky, sandy, gravelly,
or heavy soils

Sand, exposed
bedrock, thin
deficient soil

Varies, rocky and
sandy to thin to rich

Poison oak, scrub
oak, Yucca wiple, and
other shrubs, trees,
and cacti

Turpentine Bush,
Prickly Pears, and
Brittle Bush, 
sagebrush

Lions, zebras, 
elephants, giraffes,
herds of ungulates,
capybara and marsh
deer, birds of prey

Coyotes, jack rabbits,
mule deer, alligator
lizards, horned toads,
praying mantis,
honey bee, and
ladybugs

Small nocturnal car-
nivores, borrowers,
mourning wheatears,
horned vipers, ante-
lope, ground squir-
rels, jack rabbits, and
kangaroo rats

Short twisted trees,
grasses, plants special-
ized for nutrient
storage

Biomes of the world Table 20.1

BIOMES ARE REGIONAL COMMUNITIES

Using the concept of climax com-
munities, ecologists have defined
nine biomes: ice (permafrost),
tundra, taiga (coniferous forest),
temperate forest, tropical rain
forest, grassland, desert, marine,
and freshwater. The characteris-
tics of each biome are listed in
Table 20.1.

POPULATIONS CAN INTERBREED

Communities are made up of different populations. A
population includes all the members of one species liv-
ing in the same area. All members of a population can
interbreed and produce living offspring. In the above
example, the people living and working in Midtown
Manhattan are a single population within the commu-
nity. When communities are discussed, only the popula-
tions living together are considered. If the physical en-
vironment is included, the discussion returns to

Biomes
A regional commu-

nity characterized

by its dominant

plant life and 

climate.

p0493
missing
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ach of the organisms that live in biomes
has a specific habitat and niche. Habitat
is loosely defined as where the organism
lives. White-tailed deer are found in de-

ciduous forests in North America; adult green sea tur-
tles are found in near shore waters of the Central Pa-
cific; tsetse flies live in low-lying rain forest and
savannah of Africa. Assuming the habitat is large

PRIMARY AND SECONDARY
SUCCESSION

The life forms that appear
during succession are more or
less predictable for each
ecosystem or niche. When an
area begins with bare rock or
sand, we call the process pri-
mary succession. Primary suc-

cession may occur on newly deposited lava, on beaches,
river deltas, or areas recently gouged by glaciers. The
pioneer species hold the newly formed soil and add to
it as they drop organic material, allowing grasses and
then larger plants to take over. As the dominant popu-
lations change, the process of succession occurs.

Secondary succession occurs when a distur-
bance has disrupted a stable ecosystem of plants and
animals. Organisms usually associated with one of the
earlier stages of primary succession again become the
dominant species, so the process of succession begins
again. A graphic example of secondary succession oc-
curred when the Mount St. Helens volcano erupted.
The stable community living along the slopes of the

mountain was destroyed, causing the return of the pio-
neer species (Figure 20.4). Leaving your yard to its
own devices would be a less dramatic example of sec-
ondary succession, as the plants slowly return to the
original community that was there before your house
was built.

When scientists first noticed this progression of
communities, they supposed that there was a pre-
dictable and stable end to the succession. They looked
for climax communities and predicted that they would
be similar in similar locations. In the dry parts of the
U.S. Great Plains, for example, the climax community
is prairie. In the same latitudes along the Atlantic coast,
however, the climax community is deciduous forest.
The climax communities are not as predictable as was
once assumed because they reflect the interplay of
many factors, including the biota,
the soil, and the weather, not just
the vegetative changes from
grasslands to trees. They are,
however, stable communities that
do not appreciably change in
dominant species over many
years.
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Secondary succession on the slopes of Mount St. Helens Figure 20.4

Pioneer species
First plant species

to colonize a newly

established area.

CONCEPT CHECK

How are communities, populations, ecosystems,
and the biosphere related?

Briefly describe the community you live in. Now
add to that and describe your ecosystem.

What are the characteristics used 
to define biomes?

Define how succession
may change the dominant
population.

Compare primary
and secondary

succession.

enough, it is usually shared by many populations. Rab-
bits and field mice share grassy fields near forests. Both
polar bears and seals make the Arctic Ocean their
habitat.

Habitat is limited by physical obstacles and
competition for resources. Physical obstacles can be ob-
vious structures such as mountain ranges, rivers, and
deserts, or subtle variations such as
salinity and density gradients in the
open ocean, or sunlight availability in
the forest. Habitat limits create a geo-
graphic range of population distribu-
tions. Biogeographic ranges are so
precise they have been used to predict
the location of populations along the
entire ocean floor (Figure 20.5).

LEARNING OBJECTIVES

Define habitat.

Describe the niche of an organism.

Explain the outcome of niche competition.

E

Mesopelagic
Bathypelagic

Abyssal

Euphotic; epipelagic

Upwelling

Forest

Alpine

Piedmont forestsDesert Grasslands Forests
Dunes

Weather patterns

Mountain goat Bison White-tailed deer Raccoon Black bear

Lobster

Decapod

Intertidal

Rocky Mountains Rain shadow Appalachian Mountains

Intertidal

Salmon

Elk

Whale

Biogeographic distribution Figure 20.5

An organism’s expected location can be predicted based on its ecological requirements. 

These requirements define the biogeographic range of that organism.

Biogeographic
ranges
the expected geo-

graphical range of

an organism, based

on its habitat and

niche requirements

Climax 
communities
Relatively stable,

mature communi-

ties that have

reached equilibrium

after passing

through a series of

established steps.
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he sizes of populations continually
change as they exploit available habitat.
The carrying capacity of the ecosystem
is the number of individuals in each

population the area can support indefinitely without
permanently reducing the productivity of the area.
Carrying capacity represents a balance between re-
sources and competition on one hand and population
growth on the other (Figure 20.7). Carrying ca-
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Just by understanding the habitat of a bottom-dwelling
organism, we can predict where it will be found. Know-
ing the habitat requirements of any organism allows us
to predict its geographic location.

Niche, on the other hand, defines the organ-
ism’s “job,” or role in the community. Everything from
where they live to what they eat to what time of day they
are active helps define a niche. If you are a typical col-
lege student, your habitat is your campus. Your niche
includes your dorm room, your schedule of classes,
your extracurricular activities, your dietary choices,
your study habits, and even your wardrobe. No two or-
ganisms can occupy the same niche in the same habitat.
Imagine how difficult your existence would be if you
had another student following your exact schedule, liv-
ing in your room, and eating the same food at exactly
the same time. One of you would have to alter your rou-
tine in order to coexist.

Often we describe the niche of an entire species
rather than each individual. Individuals of a species uti-
lize the same resources in the same fashion; therefore,
we can speak of the entire species when we describe
their niche. Of course, individuals within species com-
pete for resources, but a more global view would indi-
cate that different species compete for niches, while in-
dividuals in that species share the resources of that
niche. Although they are all using the resource at the
same time and in the same fashion, enough resources
remain to support the population. Different species, on

the other hand, usually share
resources in the habitat by al-
tering the timing of activities,
or by partitioning the re-
sources (Figure 20.6).
Perhaps one species of insect
will eat only the flowers of a
plant, while another will ingest
only the leaves. One species of bird might nest in the
lower branches of a tree, while a second species nests in
holes in the trunk.

Carrying Capacity and Population Growth 
Are Regulated by the Environment

Resource partitioning Figure 20.6

CONCEPT CHECK

List the characteristics of the
niche occupied by a typical
family dog.

How is it that some families can
house both a dog and a cat?

What resources must
these two organisms
share?

How might those
resources be partitioned?

Partitioning
Dividing available

resources into 

discrete parts to 

reduce

competition.

pacity varies with species, with ecological conditions,
and with time. Your vegetable garden may be able to
sustain only two rabbits, while at the same time sup-
porting a colony of thousands of aphids. The carrying
capacity for each population is different in that same
small plot of land. In each case, the populations in the
habitat will grow to the maximum number of individu-
als the resources can support without intrinsic damage.
In natural ecosystems, populations often stabilize near
their carrying capacity, but they do not remain static.
Instead they tend to bounce up and down, around lim-
its determined by the physical environment. One the-
ory is that under steady environmental conditions, car-
rying capacity is determined by the limiting resource,
often food.

LEARNING OBJECTIVES

Relate carrying capacity to biotic potential.

Discuss different population growth patterns.

T

A

10
9
9
8
8
7
7
6
6
5
5
4
4
3
3
2
2
1
1

0

1,048,576
524,288
262,144
131,072
65,536
32,768
16,384
8,192
4,096
2,048
1,024

512
256
128
64
32
16
8
4
2
1

Time
(hours)

Number of
bacteria

Growth curve

10

9

8

7

6

5

4

3

2

1

0

0 1 2 3 4 5 6 7 8 9 10

N
u

m
b

er
 o

f 
b

ac
te

ri
a 

(x
10

0,
00

0)

Time (hours)

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

B

N
u

m
b

er
 o

f 
in

d
iv

id
u

al
s

Time

Carrying capacity
Population oscillations

Bacterial population growth and human population growth Figure 20.7

A Bacterial populations tend to increase exponentially until they hit and exceed the carrying capacity. The entire population then

crashes as resources are depleted. B Humans, on the other hand, tend to reproduce more slowly, reaching the carrying capacity in a

more controlled fashion. This allows the population to fluctuate around the carrying capacity rather than simply overshoot it and die off.
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BIOTIC POTENTIAL MEASURES 
THE MAXIMUM GROWTH RATE

The biotic potential of a population is its max-
imum growth rate under ideal conditions. Bi-
otic potential in sexually reproducing popula-

tions depends on
(1) the number of
offspring produced
per female, (2) the
time to reproduc-
tive maturity, (3)
the ratio of males to
females, and (4)

the number of reproductively active individu-
als. If the population is below the carrying ca-
pacity of the environment, most populations
grow exponentially, creating a J-shaped curve
(see Figure 20.7a). Under ideal condi-
tions, phytoplankton grow rapidly enough to
cause visible changes in ocean waters. A red
tide is actually a population explosion, or
bloom, of a dinoflagellate containing a
droplet of reddish oil in its nearly transparent
body. When the population grows
unchecked, uncountable numbers of micro-
scopic dinoflagellates seem to stain the
ocean. Red tides are called “harmful algal
blooms” because they produce neurotoxins
that can injure people who eat shellfish from
affected waters (Figure 20.8).

POPULATION GROWTH
REFLECTS MULTIPLE FACTORS

Algal blooms are examples of exponential
growth in areas where carrying capacity has
not yet been reached. Many populations
however, especially those composed of larger
organisms, do not grow exponentially. The
population expands slowly, slowing as it
nears carrying capacity, forming an S-shaped
growth curve (see Figure 20.7b).

Population growth curves vary. The
steeper the growth curve, the faster that

population doubles. Under ideal conditions, bacterial
population growth curves are quite steep, while human
population growth curves are much flatter. The average
generation time for E. coli bacteria is a mere 20 min-
utes. Humans take a minimum of 12 to 14 years to
reach sexual maturity, and many people do not repro-
duce for some years after that.

The two basic control patterns of population
growth are extrinsic and intrinsic control. If the popu-
lation is externally controlled, organisms colonize new
habitat, produce many offspring, invest little energy in
each one, and usually widely overshoot the carrying ca-
pacity. Because economist Thomas Malthus first de-
scribed this type of population regulation in his analysis
of the human condition, these organisms are called
Malthusian strategists.

In contrast, organisms that follow the logistic
strategy grow more slowly and are regulated via intrin-
sic factors. These organisms live longer, mature more
slowly, produce fewer offspring, and invest more energy
per offspring. Logistic strategists are usually large ani-
mals that prey on smaller ones, while Malthusian strate-
gists tend to be producers or animals that eat plants.
Malthusian strategists are the pioneer species, invading
new ecosystems first and taking over the resources for a
short period. Typical Malthusian strategists include
many of the grasses, insects, and those red tide algae we
just discussed. See Table 20.2 for a comparison of
these strategies.

Extrinsic and intrinsic growth patterns are re-
lated to a population’s survivorship curve (Figure

20.9). Three basic age distributions show patterns of
mortality in a population. Type I survivorship curves
describe organisms that provide considerable parental
care. Individuals tend to survive through young adult-
hood and die out at advanced ages. Type II populations
have a constant death rate regardless of age. Type III
populations produce many young but provide no more
than a bit of parental care. Those few individuals that
survive infancy are likely to live a long time. The green
sea turtle falls into this category. Many eggs hatch, and
most of the young return to the sea, but only a handful
of the hatchlings survive to reproduce. Once a turtle
reaches age 5, however, predation risks drop, and it will
probably survive into old age.

Phytoplankton
Microscopic plants

and photosynthetic

protists that float in

the water column.

Red tide Figure 20.8

Malthusian Logistic

Low trophic levels Higher trophic levels

Pioneer species in succession Climax community species

Generalists or opportunists Specialists

Rapid growth Slow growth

Early maturation Late maturation

Produce many offspring with little Produce few offspring but
to no parental care invest large amounts of 

parental care

Limited by external factors Limited by intrinsic factors

Examples: insects, rodents, Examples: elephants, whales, 
annual plants wolves, primates

Survivorship curves Figure 20.9

A survivorship curve visually depicts the expected decrease in 

a population over time. There are three types of survivorship

curve: I those populations that produce few young and invest a

lot of energy in keeping them alive until old age, where most

die-off occurs, resulting in a steep drop in numbers only after

many years of life, II those populations that suffer a uniform

death rate throughout life, regardless of age of the individual,

and III those populations composed of organisms that tend to

produce a lot of young, most of which do not survive beyond

the first few days or weeks, resulting in an early steep drop in

numbers.

Comparison of Malthusian and logistic
strategists Table 20.2
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rganisms, and entire populations, can
be classified as producers or con-
sumers. Producers assemble usable
food molecules through photosynthesis

or (more rarely) chemosynthesis. Green plants and bac-
teria that live off chemicals emitted from thermal vents
are examples of producers. Consumers cannot create
food molecules, but must instead obtain them from
other organisms. Animals, whether they eat plants or
other animals, are consumers.

Producers are autotrophic, meaning they carry
out photosynthesis or chemosynthesis and make food

Organisms Are Either Producers or Consumers      677676 CHAPTER 20 Ecology and Societal Issues

Organisms Are Either Producers 
or Consumers

(Figure 20.10) Their role
in fixing organic compounds
remains the same, however.

Consumers are het-
erotrophs. They cannot manu-
facture organic fuel from the

sun’s rays, but must instead ingest existing organic fuel.
The four types of consumer are classified by food
source:

• Herbivores eat green plants. They get their en-
ergy directly from the producer, bypassing any
energy conversion by other organisms. Because
they feed directly on autotrophs, herbivores are
also called primary consumers. Herbivores in-
clude bison, humans that are strict vegetarians,
fish that graze on vegetation, and fruit- and
grain-eating birds such as parrots.

• Carnivores eat other animals, and meet their
protein and caloric requirements through this
“complete” nutrition source. Carnivores usually
eat less often and/or require smaller portions
than herbivores But it does take more energy to
be a carnivore, since herbivores do not have to
waste energy chasing plants! Carnivores that
feed on herbivores are called secondary con-
sumers. If they feed on other carnivores, they
may be tertiary or rarely, quaternary, carnivores.

• Omnivores are animals that can eat either
plants or animals. The benefit to being an om-
nivore is that food can be obtained much more
efficiently, from both plant and animal sources.
The human is an omnivore that can eat bizarre
and diverse foods like artichokes and lobster,
and obtain nutritional value from each.

• Decomposers, or de-
tritovores, obtain their
nutrients from detri-
tus, returning most of
the material to the
soil. Decomposers
don’t get much re-
spect, but bacteria,
fungi, earthworms,
and small soil organisms such as nematodes
and isopods are essential to a healthy ecosys-
tem. These organisms recycle dead plant and
animal matter into nutrients that primary pro-
ducers can use, ensuring that the limited re-
sources of the ecosystem are available for reuse
and that the dead bodies do
not pile up.

CONCEPT CHECK

Define carrying capacity.

List the four characteristics
that limit an organism’s
biotic potential.

Give two examples of 
density-dependent population
factors that regulate. Do 
these affect the human
population?

LEARNING OBJECTIVES

Characterize a producer.

List and describe the three types of consumer.

O

Chemotrophic community showing reactions
used to fix compounds. Figure 20.10

Detritus
Loose fragments 

of organic and 

inorganic matter

obtained from 

decomposition and

weathering.

CONCEPT CHECK

Compare a producer to a consumer.

Give examples of a producer, a primary consumer,
a secondary consumer, and a decomposer.

What is the
name for a
species that
eats plants and
animals?

Populations rarely reach their biotic potential
because competition among individuals for finite re-
sources impedes population growth. Environmental
limits on growth include diseases, predation, environ-
mental toxins, and both inter- and intrapopulation
competition for food, shelter, and water. When environ-
mental conditions deteriorate, the carrying capacity of
the ecosystem is reduced, and affected populations
decline.

Another way to look at the regulation of popu-
lation is to classify the factors as density-dependent or
density-independent. Density-dependent factors in-
crease in intensity along with increasing population, in-
cluding factors such as predation and competition for
territory or mates. Density-independent factors affect
the entire population or ecosystem and would include
factors such as tsunami,
earthquake, and volcanism.

for themselves. They do not
eat like humans, or even like
mosquitoes or dung beetles.
Almost the entire biosphere
relies on producers to create
organic fuel from the sun’s en-
ergy. On land, green plants
and cyanobacteria are the
main producers. In freshwater
and marine ecosystems, alga
and phytoplankton fill this
niche. A small number of
communities survive on chem-
ical energy instead of solar en-
ergy. In these communities,
found mainly at deep-sea
vents, the primary producers
are called chemosynthetic.

Fixing
Converting gaseous

elements to organic

compounds.

Cyanobacteria
Blue-green, photo-

synthetic bacteria.

Consumers
Organisms that

must ingest nutri-

ents because they

cannot manufac-

ture their own.

Producers
Organisms that 

create their own 

nutrients from inor-

ganic substances;

mainly green

plants.
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cology is all about flow. When studying
the interactions of the biotic and abiotic
factors in the biosphere, we use the re-
peated appearance of two factors: energy

and fundamental chemicals. Energy flows through
ecosystems on a one-way trajectory, while many chemi-
cals cycle repeatedly through the biosphere (Figure

20.11).
Energy is constantly supplied to the ecosystem

by the sun. Producers pick up that energy and use it to
convert chemicals to useful organic compounds, which
often cycle repeatedly through the biosphere. As con-
sumers eat producers, both the energy and chemicals
are transferred to the next organism in line. Energy
continues to move through the ecosystem until it is lost
as heat to the atmosphere. Much of that heat is gener-
ated by metabolic activity. Ecosystems need a constant
supply of energy to compensate for this heat loss.
Chemicals, on the other hand, cycle through organisms
and the abiotic portion of the biosphere. The original
inorganic compounds used by producers are often
made available to other organisms through decom-

posers and other natural activ-
ities. Some chemicals leave the
biosphere as they are trapped
in geologic sediments, but
they are able to return to the
biosphere later when the geo-
logic sediments are weathered
and broken down.

Energy Flows Through an Ecosystem While Chemicals Cycle      679678 CHAPTER 20 Ecology and Societal Issues

PHOTOSYNTHESIS CONVERTS 
SOLAR ENERGY INTO 
CARBOHYDRATE COMPOUNDS

Energy is harvested by green plants using the photopig-
ment chlorophyll, which is usually found in small green

organelles called chloroplasts
(Figure 20.12). Photosyn-
thesis occurs in these chloro-
plasts in two stages—the light
reaction and the dark
reaction. In the light reaction,
chlorophyll absorbs a photon
of light and releases an ex-

cited (energy-carrying) electron. This excited electron
is captured by a specialized protein and transferred
through a series of compounds, releasing its energy in a
slow, controlled fashion. The released energy is col-
lected in ATP and another high-energy compound,
NADPH. This phase of photosynthesis is called the light
reaction because it begins when light is absorbed (Fig-

ure 20.13a, page 680).

Energy Flows Through an Ecosystem 
While Chemicals Cycle

LEARNING OBJECTIVES

Summarize photosynthesis.

Describe a typical food web.

Describe the water cycle.

E

CONSUMERS
(eat other consumers
and/or producers)

DECOMPOSERS
(break down dead matter)

PRODUCERS
(make own food)

ABIOTIC 
NUTRIENTS
(non-living)

SUN
(provides
energy)

HEAT

HEAT

HEAT

HEAT

Energy
Nutrients

Energy flow and resource cycling
Figure 20.11

In this image, the energy from the sun travels through the

producers, consumers, and decomposers, escaping the system

as heat at each step. The abiotic factors have no release, and

instead continually cycle through the organisms and abiotic

segments of the biosphere.

Chloroplast
structure 
Figure 20.12

The chloroplast is the

organelle that houses the

process of photosynthesis.

Photopigments absorb light

and excite electrons on the

internal membranes of the

chloroplast, the thylakoid

membranes. NADPH and

ATP are formed during the

light reaction and are then

passed to the stroma where

sugars are formed.

The electrons that
popped off the chlorophyll
molecule during the light re-
action must be replaced for
the pigment to continue ab-
sorbing light. To accomplish
this, water is hydrolyzed. As
the water molecule splits, it replaces the missing elec-
tron and releases an oxygen atom to the atmosphere.
This oxygen is critical to animal life. Green plants sup-
ply the atmosphere with the oxygen needed to sustain
the metabolic reactions of respiration in autotrophs
and heterotrophs.

The dark reaction, or Calvin cycle, of photosyn-
thesis occurs in the chloroplasts without needing pho-
tons. During the Calvin cycle, energy stored in ATP and
NADPH is used to convert carbon dioxide into glucose
molecules (Figure 20.13b, page 681). Because no
photons are absorbed, the Calvin cycle can occur day
or night. Some plants run the Calvin cycle mainly at
night because they live in a hostile environment. Col-
lecting CO2 for the Calvin cycle during the heat of the

Hydrolyzed
A water molecule

that has been split, 

releasing H� and

OH�.

Compare the water cycle to the nitrogen and phosphorus cycles.

Understand the importance of the carbon cycle.

Photopigment
An organic 

compound that

changes in re-

sponse to light.

Chlorophyll
A blue-green 

photopigment

found in plants and

algae.

Energy
Usable heat or

power.

AU: cut photopigment  glossary?
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membrane
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P700
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Electron
transport
chain
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Enlarged view
of step 7 showing
the electron transfer
that activates the
proton pumping
and the formation
of ATP.
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The two stages of photosynthesis Figure 20.13

B

NADPH

ADP

(BPG)

6 molecules of
P

NADP+

(G3P)

6 molecules of

(G3P)

1 molecule of

Glucose
(and other

organic compounds)

3 molecules of

Carbon
dioxide 

First stage:

Carbon
fixation

Second stage:

Chemical
“reshuffling”5 molecules of

Third stage:

Reforming
RuBP

(G3P)

Calvin
cycle

(3PG)

6 molecules of

ADP 6

6

P

P

P

6

6
P

3

3

P

Stroma of
chloroplast

Dark reaction

(RuBP)

3 molecules of
P P

ATP

ATP

1

2

3

4

5

6

●9 The electrons from P680 pass from the electron transport chain to the second photosystem, arriving finally at P700.

●10 Another photon of light strikes the chloroplast, this time affecting the second photosystem.

●11–14 The electrons that arrived at P700 are again energized to jump from the photopigment to a second electron

acceptor and then through a transport chain, this time slowly releasing their energy to phosphorylate 

the high-energy compound NADPH.

Dark reaction:

The Calvin cycle is a series of carbon compounds undergoing “shape shifting” in order to fix the carbon in CO2 into 

glucose. It takes six carbon dioxide molecules to create one glucose molecule.

●1 Carbon dioxide is attached to a five-carbon compound through the action of the enzyme rubisco.

●2 The unstable 6-carbon compound just formed immediately breaks into two 3-carbon compounds.

●3 Energy is added in the form of ATP and NADPH, resulting in a slight shift in carbon atom arrangement.

●4 A molecule of glucose is pushed out of the Calvin cycle for every three CO2 molecules that enter.

●5 The remaining molecules are reshuffled to generate the original 5 carbon compound that rubisco needs in order 

to fix CO2.

●6 The original 5-carbon compound is then regenerated and ready to serve as a substrate for rubisco.

Light reaction:

●1 Sunlight strikes the photosystem proteins, 

including the photopigment chlorophyll.

●2 The energy from the sunlight is passed to the center of 

the photosystem to a molecule called P680.

●3 When the energy from the sunlight reaches P680, electrons are excited 

and jump off the molecule.

●4 These electrons are grabbed by a primary electron acceptor rather than falling back to P680. 

If they were to simply fall, red light would be emitted.

●5 A molecule of water is brought in to the area, and electrons are stripped from it to replace those that left P680.

●6 What remains of the water molecule, oxygen gas, is released as a by-product of photosynthesis.

●7 The electrons from P680 are passed down an electron transport chain in the thylakoid membrane within the chloroplast.

ATP is generated as they fall down this cascade.

●8–10 The steps involved in ATP production. Hydrogen ions are used to drive the reaction. As they travel through 

the membrane protein ATP synthase, they cause ADP to be phosphorylated. (continues on next page)

human_ch20-664-707v2.qxd  1-02-2007  16:42  Page 680

helen walden
Note
Hyphenate 5-carbon (EA)

helen walden
Highlight

helen walden
Note
Cap Through ok?



Photosynthesis/respiration Figure 20.14

P
ro

cess D
iag

ram

Energy Flows Through an Ecosystem While Chemicals Cycle      683682 CHAPTER 20 Ecology and Societal Issues

day will cause the cells of these plants to dry out. The
pineapple, for example, which grows in hot, dry climates,
collects CO2 much more efficiently than other plants and
does so at night, storing it for use the next day to avoid
opening its cells to the drying air during the day.

Once the photosynthetic cycle is completed,
plants can use the energy in the newly created glucose
for cellular respiration. Plants burn glucose and there-
fore respire just like animals. They need to produce
structural and functional proteins, build the support
and storage carbohydrates cellulose and starch, and
create the lipids needed for survival. Excess glucose can
be stored as starch. Each year, green plants produce an

estimated 145 billion tons of car-
bohydrates, equal to about 23
tons per person.

You might have noticed
that photosynthesis is the reverse
of respiration. Both plants and an-
imals require oxygen and glucose,
or another carbon source, for sur-
vival. As animals metabolize, they

produce carbon dioxide and water vapor as waste prod-
ucts. Plants require carbon dioxide and water and release
oxygen and glucose during photosynthesis. This perfect
balance between plants and animals is what drives energy
flow through ecosystems (Figure 20.14).

FOOD CHAINS CAN FORM 
FOOD WEBS

Plants secure usable energy, and animals take advan-
tage of that energy. The simplest depiction of this rela-
tionship is to isolate a simple food chain (Figure

20.15). A food chain begins when the producer ob-
tains energy from the sun. The producer, for example,
a corn plant, is eaten by a primary consumer. In this
case, the herbivore might be a corn ear worm. The pri-
mary consumer then becomes food for a secondary
consumer. Green lacewings, sparrows, and red wing
blackbirds eat corn ear worms. The secondary con-
sumer is in turn captured and eaten by a tertiary con-
sumer, such as a redtail hawk.

At each level of the food chain, energy is trans-
ferred, but a great deal of energy is lost. In fact, only
about 10 percent of the energy at one level of the food
chain is transferred into the tissues of the consumers in
the level above it. So only 10 percent of the energy stored
in a plant becomes stored in the herbivore that eats that
plant. And the carnivore that eats the herbivore gets 10
percent of the herbivore’s energy, and winds up with
only 1 percent of the energy that was stored in the plants
that the herbivores ate. Some argue that all this wasted
energy could be put to better use; see the Health, Well-
ness, and Disease feature on page 684.

TROPHIC LEVELS COMPRISE 
THE ECOLOGICAL PYRAMID

Owing to the major loss of energy at each level, food
chains can have no more than
five trophic levels including
the producer. These are usu-
ally portrayed in an ecological
pyramid (Figure 20.16).
The size of each level indicates
assumed energy, measured
biomass, or the number of in-
dividuals living at each level.

Ecological pyramids
give a strong indication of

Metabolize
To sum up all 

chemical processes

in a living organism,

including both

breakdown and

buildup of organic

compounds.

PHOTOSYNTHESIS
Synthesis of glucose

1

Oxygen

5

2

Glucose3

6

Cellulose,
starch

4

Water

7

Carbon
dioxide

ATP   � heat

Energy
from sun

ADP  � Pi

Autotrophs and
heterotrophs

AEROBIC CELLULAR
RESPIRATION

Breakdown of glucose

Animals

Autotrophs

A B

TROPHIC LEVELNUMBER OF
INDIVIDUALS

Secondary
consumer
(bird of prey)

Primary consumers
(field mice)

1

10

10,000 Producers
(grass)

10

100

1,000

10,000

BIOMASS
(g/m2)

TROPHIC LEVEL

Tertiary consumers
(snakes)

Secondary consumers
(toads)

Primary consumers
(grasshoppers)

Producers
(grass)

Food chain Figure 20.15

Trophic levels
All the organisms

that occupy the

same energy tier in

a community, such

as primary produc-

ers, primary con-

sumers, and sec-

ondary consumers.

Quaternary consumers
(humans)

Tertiary consumers
(trout)

Secondary consumers
(smelt)

Primary
consumers
(small 
heterotrophs)

Producers
(algae and 
nitrogen-fixing 
bacteria)

1.2 calories

6 calories

30 calories

150 calories

1000 calories

Trophic levels and energy loss
Figure 20.16

Each level in the food chain includes less and less available

energy. The width of the bars at each level indicates the energy

that is available from consuming that level. By the fifth trophic

level, there is too little energy available to make a sixth level

practical.

www.wiley.com/
college/ireland

This diagram illustrates the interrelationship of the processes of photosynthesis and respiration.
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FOOD WEBS SHOW REAL-LIFE
INTERACTIONS

To complicate matters, energy does not travel only in a
straight line through an ecosystem, since many differ-
ent herbivores consume the same primary producers.
These herbivores could, in turn, become the prey of
one of any number of carnivores, or the herbivore
could die of old age. When many interacting food
chains are depicted at once, we see a food web (Fig-

ure 20.17), which shows more accurately the move-
ment of energy through an ecosystem.

Because many herbivores and carnivores can
eat multiple food sources, extinction is usually rare in
ecosystems where humans play no role (Table 20.3,
page 686). When one link in the food web weakens, or-
ganisms often have other ways to obtain energy, and al-
though populations fluctuate in response to changes in
the food web, the animals survive. Extinction occurs
when a population is reduced below its ability to repro-
duce, often by some combination of predation, habitat
destruction, and disease.

H
ealth

, W
elln

ess, an
d

 D
isease

Could vegetarianism help feed the world?

percent of the world’s grain and 90 percent of the soy-

beans, the situation is complicated. For one thing, a large

proportion of meat comes from animals that are raised

partly or wholly on rangeland. The primary producers

raised on this land would not feed people at all because,

unlike ruminants, we lack the bacteria needed to break

down the cellulose in grasses. In this sense, cattle help to

expand, not contract, the food supply.

In any case, the trend in world food consumption is

veering away from vegetarianism: more livestock and

poultry are being raised and eaten.

Meat consumption doubled be-

tween 1977 and 2002, and is rising

much faster in the newly developing

world than in the established devel-

oped world (although the developed

world continues to eat the majority

of meat). In many cultures, eating

meat is a sign of wealth, and meat

provides a much-needed source of

protein and micronutrients.

Finally, if vegetarianism was

able to solve the world’s food crisis,

it would already have done so. In

2002, 48 percent of human food

calories came directly from grain. As

a personal matter, choosing not to

eat meat or consume animal prod-

ucts is perfectly valid. But in the

larger scale, it is unlikely to solve the

pressing need for more food.

Food web Figure 20.17

The food web of a salt marsh includes

an interwoven community of algae,

mollusks, fishes, arthropods, birds, and

man. There are many routes to each

organism, indicating the many pathways

energy can take through the salt marsh.

Birds

Top consumers

Carnivores

Herbivores

Producers

Decomposers (microbes throughout soil and water)

Detritovores (decomposers and larger organisms)

Birds

Mammals
Mammals

Nutrients

Nutrients

Nutrients

Detritus

Bacteria and
fungi

Mollusks
Annelids

Algae

Fish

Humans

Birds

Arthropods
Meiofauna

With the global population surging toward 7 billion, we

have to wonder: Can the world feed itself? In 2003, the

World Food Program pegged the number of hungry peo-

ple at 852 million. But some say the problem is based

more on inequalities of food distribution than on food

production. People with enough money get to eat; those

without money do not.

As we know, it takes up to 10 calories of grain to pro-

duce 1 calorie of meat. Could it help to eat more grain di-

rectly instead of feeding it to animals? Yes, say vegetarians

and vegans, who argue that eating

meat is wrong. Vegetarians eat no

meat, but may use leather or eat

dairy products, while vegans con-

sume no animal products in any por-

tion of their lives. From the stand-

point of the food supply, would that

make the world a better place?

Ecologically, eating vegetable

matter puts a person lower on the

food chain and therefore uses avail-

able energy more efficiently. Hu-

mans occupy the primary consumer

level when we eat vegetables and

fruits, and the secondary or even

tertiary consumer level when eating

meat. If we fed the quantity of pri-

mary producers needed to raise one

cow to maturity directly to people,

many more people could eat.

Although livestock consume 35

ecosystem stability. The open ocean sometimes has an
inverted ecological pyramid (see Figure 20.30c on
page 701), with producers comprising a smaller bio-
mass at a given time than primary consumers. This hap-
pens in areas where the primary productivity is re-
duced, perhaps owing to extreme wind or temperature
changes in the surface waters. The phytoplankton

count drops, but the zoo-
plankton count remains high.
Either the phytoplankton will
recover in sufficient numbers
to sustain the zooplankton, or
the zooplankton will thin out
due to the food shortage.

Zooplankton
Microscopic and

macroscopic 

animals that float 

in the water 

column and move

at the mercy of 

the currents.

human_ch20-664-707v2.qxd  1-02-2007  16:42  Page 684

helen walden
Note
Cap Through ok?



Biotic community

Reservoir

Exchange pool
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Representative endangered or extinct species Table 20.3

Dusky seaside sparrow - December 1990

Giant pied-billed grebe - thought to be extinct in 1936, but observed in 1960 in Guatemala

Dodo - 1681

Great Auk - 1844

Hawai’ian O’o - 1934

Ivory billed woodpecker - thought to be extinct in 1945, but confirmed sighting occurred in 2005 in Arkansas

GLOBAL BIOGEOCHEMICAL CYCLES
MOVE ATOMS ON THE PLANET

Energy may be a one-way flow through the ecosystem,
but many essential elements are caught in continuous
cycles. Recall from Chapter 1 which elements predomi-
nate in your body: carbon, nitrogen, hydrogen, and
oxygen, with phosphorus also high on the list. Each of
these elements is necessary for life of any sort, from
producer to tertiary consumer to detritivore.

The cycles of elements through an ecosystem
can be complicated and can take years or centuries to
complete. During the cycles, these elements pass
through both the biological and geological compo-
nents of the biosphere. Each cycle usually includes a
reservoir, an exchange pool, and the biotic commu-
nity. The reservoir holds the chemical in a way that is
inaccessible to the producer. Rocks, deep-sea sedi-
ments, and fossils are good examples of reservoirs.
The exchange pool is the area where the chemical oc-
curs in a form that is usable to the biological commu-
nity. The atmosphere, soil, and water all serve as ex-
change pools. The biotic community holds a
surprisingly large store of chemicals in each of the
trophic levels. They are passed along the food chain,
sometimes remaining in a particular trophic level for
long periods (Figure 20.18).

The two main types of cycle are gaseous and sedi-
mentary. As the names imply, chemicals that follow
gaseous cycles are drawn from and returned to the atmos-
phere as a gas. Those in a sedimentary cycle are absorbed
from the soil by plant roots and returned to the soil
(usually very close to its release point) by decomposers.

Even though biogeochemical cycles appear iso-
lated from one another, they do overlap. Nutrients and
chemicals can and do flow from the aquatic environ-
ment to the terrestrial, and back from the terrestrial to
the aquatic environment. One major way that phospho-
rus moves from the ocean into terrestrial ecosystems is
through the droppings of sea-going birds. The birds eat
marine fishes that have absorbed phosphorus at sea.

This phosphorus passes through
the bird and is deposited on
land in bird guano.

Substances introduced
into one ecosystem can appear

in another, as we see in the movement of toxic chemi-
cals through the biosphere. Arctic carnivores carry the
remains of agricultural pesticides in their tissues, even
though no agricultural pesticides were ever used in
their ecosystem. These persistent pesticides have drifted
north over the decades and accumulated in the fat of
polar bears and other carnivores.

THE HYDROLOGIC CYCLE RECYCLES
WATER THROUGH THE ENVIRONMENT

Perhaps the best-studied of the chemical cycles is the
hydrologic cycle, or water cycle. The reservoir for water
on Earth is the world’s oceans, where 98 percent of all
water is found (see Figure 20.19 on page 688).
The remaining 2.15 percent is freshwater. Glaciers and
ice caps contain 1.7 percent of the Earth’s water, almost
all of the freshwater! Groundwater is the next largest
pool, holding 0.4 percent of total water. Surface water,
such as rivers and lakes, contain a mere 0.04 percent of
total water, and the atmosphere holds only 0.01 per-
cent. As you can see, the water available for life, human
and otherwise, is an almost vanishingly small percent-
age of the total water. Wasting this water by leaving it
running while brushing your teeth, or watering your
lawn after a rain, is not only unmindful, but environ-
mentally risky. (For more on this topic, see the Ethics
and Issues box on page 688.)

Elements of the biogeochemical cycle Figure 20.18

San Joaquin kit fox Monterey manzanita Black rhinoceros Pitcher plantAtitlan giant pied-billed grebeDusky seaside sparrow

Iguana Mountain gorilla Giant weta Golden lion tamarin

Green turtle Bladderpod Red wolf Abingdon tortoise

Arizona century plant Dodo Tiger Coelacanth

Snow leopard Cyanea Saddle-backed tamarin Black mamo Grizzly bear Great auk

Hawaii ‘o’o Kemp's ridley sea turtle Texas snowball Black-footed ferret Horned guan

Cheetah

Whooping crane

Partula snail

White rhinoceros

Trumpeter swan

Kiwi

Ivory-billed woodpecker

December 1990

1681

1939

1844

Guano
Seabird or bat

dung, usually found

along coastlines.
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Water moves from

atmosphere to ocean

as precipitation –

rain, snow, sleet,

or hail.

Water moves from

atmosphere to land

as precipitation –

rain, snow, sleet,

or hail.

Atmosphere

Runoff to

ocean

Movement of

moist air

Transpiration, or loss

of water vapor from

land plants, adds

water to atmosphere.

Condensation

(cloud formation)

When water evaporates

from ocean surface and

soil, streams, rivers, and

lakes on land, it forms

clouds in atmosphere.

Water seeps down through

soil and rock to become

groundwater. Groundwater

eventually supplies water to

soil, streams, rivers,

and ocean.
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How bad is the freshwater crisis?

Aside from fresh air, nothing is more important than fresh

water—for drinking, cleaning, and growing food. Yet fresh,

clean water is scarce in many regions. An estimated 5 mil-

lion people die for lack of freshwater each year, mostly due

to water-borne diseases.

A rising world population is placing more pressure on

freshwater supplies. As a result of groundwater pumping,

the giant Ogallala aquifer under the Great Plains has lost 6

percent of its capacity since 1940, with the worst declines in

Texas and Kansas. California farmers are selling water rights

to cities, which allows the cities to expand but can reduce

farm output. In 2003, the federal government directed Cali-

fornia to stop taking so much water from the Colorado to

give a larger share to the booming populations of Arizona

and Nevada. But no relief is in sight for the once-rich wet-

lands near the Sea of Cortez in Mexico at the Colorado’s

mouth. Almost no water reaches these wetlands, an appar-

ent violation of a 1944 treaty.

The freshwater shortage is more extreme in the long

band of land reaching across North Africa, through the Mid-

dle East and Arabian Peninsula, into Pakistan and India, and

ending in northern China. Despite conservation measures,

Israel and adjacent countries use every bit of available

freshwater. Egypt, where the population is increasing by

more than 1 million per year, gets 97 percent of its water

from the Nile River. The river’s source is in Ethiopia, Uganda,

and Sudan. Egypt has already threatened war if its water

supply is endangered.

The Aral Sea in Central Asia is polluted with pesticides

and has shrunk so much that fishing boats are grounded

miles from the sea. Groundwater under the Punjab, a major

grain-producing region of India, is falling by 1 meter per

year. In North China, the water table is also dropping as

ever-deeper wells pump water for a huge population enjoy-

ing a historic industrial expansion. Farmers are left with less

water, and the grain harvest has been falling for years.

Future trends don’t look promising. With many major

rivers already tapped out, desalinization of the ocean is still

expensive and energy-intensive. Conservation may be the

best solution. In California, urban water districts are funding

water-saving technology on farms; in return they receive the

water that is saved. Raising the price of fresh water is a free-

market approach to saving water. But in poor countries,

high prices can force residents to choose between food and

water. A water privatization scheme in Bolivia was dropped

after major riots. In theory, selling water would restrain de-

mand and raise money for piping improvements, but the av-

erage Bolivians could not afford the water.

Water conservation is difficult, but living without water

is impossible. If we are not careful, the twenty-first century

could see water wars, environmental damage to wetlands,

and a decline in living standards caused by poor sanitation

and a reduction in the total food supply. (For percentages of

water on Earth, see Figure 20.19.)

Water evaporates
from the oceans, and from
freshwater and land. As tem-
peratures increase, evapora-
tion takes place more quickly.
The water rises into the atmos-

phere as water vapor and condenses into clouds as the
air and water vapor cool. The vapor continues to con-
dense, eventually coalescing into drops that fall back to
the land or ocean as precipitation.

Evaporates
changes from a 

liquid to a vapor

through the addi-

tion of energy

Because land is above sea level, and water natu-
rally seeks the lowest level, all surface water eventually
returns to the sea. Precipitation over land can either
run off into a river or percolate into groundwater,
which flows underground at various depths. Groundwa-
ter saturates the sediment to a constant level called the
water table, which is where our water wells must reach.
A large body of groundwater is called an aquifer. Rain-
fall or snow-melt can recharge an aquifer (Figure

20.20).
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Percentages of water on Earth Figure 20.19

Oceans 97.85%

Glaciers 1.7 %

Groundwater 0.4 %

Rivers and lakes 0.04%

Atmosphere 0.01%

Water cycle Figure 20.20
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Plant roots take up soil

phosphorus as inorganic phosphates.

Animals obtain most of their phosphate

from the food they eat, although

drinking water may supply phosphate

in some localities.

Streams and rivers carry

some phosphate to ocean,

where it is deposited on seafloor

and remains for millions of years.

Geological process of

uplift may someday expose

seafloor sediments as new land, 

from which phosphate

will again be eroded.

Phosphorus released by decomposers

becomes part of the soil's pool of

inorganic phosphate that plants reuse.

Some rock is weathered,

becoming soil

Phosphate

mining

Fertilizer

containing

phosphates

As water runs over

phosphorus-containing rocks,

it erodes and carries off

inorganic phosphate (PO4
3-) molecules.

Rock containing

phosphorus

nucleotides. As the plants are eaten, the phosphates
move into higher trophic levels. In animal tissue, phos-
phate is incorporated into teeth, shell, and bones as
well as ATP, cell membranes, and nucleotides. When or-
ganisms decay, their phosphates return to the soil.
Phosphate may run off the land in rivers, and be either
absorbed by phytoplankton and seaweeds or lost into
sediment. Only when there is an upwelling of bottom
sediment will these phosphates return to the biosphere.

The availability of phosphorus is often the lim-
iting factor in the growth of algae, which can have pro-
found effects on the populations in a community. In
1998, thirteen Florida residents suddenly became ill
with skin lesions, nausea, diarrhea, and neurological
problems. Their symptoms resembled those experi-
enced in the fishing community, among scientists and
tourists in Maryland and North Carolina, which were
blamed on a toxic single-celled algal bloom. How could
people in both Florida and Maryland become ill from a
microscopic alga normally found in the water? In the
waters off Florida, phosphates and nitrates are excep-
tionally high. In Florida, 400 million gallons of treated
sewage is injected underground daily through 120
wells. The effluent from these wells percolates into the
nearby ocean, carrying a high concentration of phos-
phorus, nitrogen, and other nutrients. Usually these
nutrients are limiting in the oceanic environment,
meaning they are an extrinsic control on population
growth. As more nutrients become available, popula-
tions expand. One species that quickly takes advantage
of these increased resources is Pfiesteria piscicida, an alga
that produces a toxin causing the neurological symp-
toms listed above.

Nutrient dumping, and its associated hazards,
have been recognized as troublesome since the mid-

1970s. Clothing detergents
used to include phosphates as
a cleaning aid, but the excess
phosphates in wastewater was
eutrophying aquatic environ-
ments. Although phosphates

are banned from detergents, fertilizers are loaded with
phosphates and other nutrients. Runoff from farms,
golf courses, and private lawns that use fertilizer in-
cludes high levels of nutrients, creating problems for
aquatic ecosystems. Sewage effluent and farm manure
runoff continue to cause trouble. Diligent controls on
water treatment plants and runoff can reduce nutrient
pollution. As with many environmental concerns,
greater public awareness will go a long way toward alle-
viating the problems.

NITROGEN CYCLES FROM THE SOIL 
TO THE ATMOSPHERE

The majority of the world’s nitrogen is in the atmos-
phere, where nitrogen comprises 78 percent of air’s vol-
ume. Despite this large reservoir, plants are often
starved for nitrogen because they cannot use the mole-
cular nitrogen in the atmosphere. Plants can only use
nitrogen that has been “fixed” in the soil. Fixing re-
duces nitrogen molecules and converts them to ammo-
nia (NH3) or nitrates (NO3

�). Most nitrogen fixing is
done by specialized bacteria found in plant root nod-
ules or in the soil. Nitrogen fixing is a three-step
process. First, one set of bacte-
ria convert atmospheric nitro-
gen to ammonia; then a
second set converts that am-
monia in the soil to nitrites
(NO2

�). Nitrate-producing
bacteria in the soil and plant
nodules then convert nitrite to
nitrate. Once in the tissues
of the plant, nitrates are
converted to ammonium
(NH4

�), which are found
in amino acids and nu-
cleic acids. (See Figure

20.22 on page 692.)

690 CHAPTER 20 Ecology and Societal Issues Energy Flows Through an Ecosystem While Chemicals Cycle      691

Many populated areas get their drinking water
from aquifers. As the human population increases,
many aquifers are being drained faster than their
recharge rate. This is called groundwater mining, and it
is lowering the water table, and will eventually result in
a loss of water to these areas. The problem is particu-
larly acute in many parts of China, India, and in the
American Great Plains, where the Ogallala Aquifer has
been drained by years of pumping for irrigation.

THE PHOSPHORUS CYCLE 
IS A SEDIMENTARY CYCLE

While the water cycle includes a large atmospheric por-
tion, the phosphorus cycle (Figure 20.21) is
mainly a sedimentary cycle. When some rocks weather,
they release phosphate ions into the soil. Plants take up
these phosphates through their roots and use them to
create phospholipid bilayers, ATP, and DNA or RNA

Eutrophying
encouraging

blooms of alga that

eventually deplete

the resources of a

body of water, 

leading to the death

of that ecosystem

Root nodules
Swellings on the

root hairs of

legumes and other

plants filled with 

nitrogen-fixing

bacteria.

Phosphorus cycle Figure 20.21
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Photosynthetic organisms

remove carbon dioxide

from air and incorporate it

into chemical compounds

such as sugar.

Sugar and similar compounds

are used as fuel by

producer that made them,

by consumer that eats producer,

or by decomposer that

breaks down remains of

producer or consumer.

Carbon in coal, oil,

natural gas, and wood

is returned to atmosphere

by burning, or combustion.

Millions of years ago,

vast coal beds formed

from bodies of ancient trees

that did not decay fully

before they were buried.

Unicellular marine organisms

probably gave rise to underground

deposits of oil and natural gas

that accumulated in geological past.

A lot of carbon is incorporated

into shells of marine organisms.

When they die, their shells

sink to ocean floor and

form thick seabed deposits.

Chemical and physical weathering

processes slowly erode limestone,

returning carbon to

water and atmosphere.

Air (CO2)

Coal

Natural gas

Oil

Burial and compaction

form rock

(limestone).

Nitrogen fixation is conversion of gaseous nitrogen (N2)

to ammonia (NH3). Nitrogen fixation gets its name

because nitrogen is fixed so organisms can use it.

Combustion, volcanic action, lightning discharges,

and industrial processes also fix

considerable nitrogen.

Ammonification is conversion of

biological nitrogen compounds into

ammonia (NH3). Decomposers

perform ammonification.

Atmospheric

nitrogen (N2)

Denitrification is reduction of nitrate (NO3
-)

to gaseous nitrogen (N2).  Denitrifying bacteria

reverse the action of nitrogen-fixing and

nitrifying bacteria by returning nitrogen

to the atmosphere as nitrogen gas.

Nitrate (NO3
-)Ammonia (NH3)

Plant roots absorb nitrate (NO3
-) or ammonia (NH3)

and assimilate nitrogen into plant proteins

and nucleic acids. When animals consume

plant tissues, they assimilate nitrogen

by converting plant proteins to animal proteins.

Nitrification is conversion of

ammonia (NH3) to nitrate (NO3
-).

Soil bacteria perform nitrification.

Nitrification occurs when ammonia is con-
verted to nitrates in the atmosphere. Nitrification re-
quires high energy, as provided by meteor trails, cosmic
radiation, or lightning. Denitrification is the reverse
process, whereby nitrates are converted to nitrous ox-
ide and nitrogen gases which reenter the atmosphere.
Before humans started manufacturing fertilizer, deni-
trification and nitrogen fixation were balanced at the
ecosystem level. Now excess nitrates are being intro-
duced via fertilizer runoff and are adding to our water
pollution troubles.

CARBON IS FOUND ALMOST
EVERYWHERE

Carbon also cycles through the biosphere. Large car-
bon reserves are found in many places: oceans, plants,
animals, soil, and geologic formations. Moving through
these reservoirs, carbon follows either a short-term or a
long-term cycle (Figure 20.23).

The short-term cycle involves the interactions
between the oceans and the biosphere, and the land
plants and animals and the atmosphere. This carbon is

692 CHAPTER 20 Ecology and Societal Issues Energy Flows Through an Ecosystem While Chemicals Cycle      693

tied directly to the activities of living organisms. As you
know, carbon is taken up during photosynthesis and re-
leased during cellular respiration. The rate of removal
by terrestrial plants from the atmosphere is about equal
to the rate of return through cellular respiration. The
same opposing processes of photosynthesis and cellular
respiration also work in the ocean. However, the car-
bon in the ocean must first diffuse from the atmos-
phere into the water. Once it enters the water column,
carbon is removed via photosynthesis by primary pro-
ducers, and released again by cellular respiration in the

bodies of producers and consumers. A small amount of
carbon is lost to ocean-floor sediments, returning to
the water column only during upwelling events. The
amount of carbon in the water column is relatively con-
stant, maintained by constant diffusion with the atmos-
phere. If aquatic carbon levels increase, more is re-
leased into the air.

Carbon also cycles through the sediment, en-
tering the soil community as dead organisms and ani-
mal waste. The living biota contains a staggering 800
billion tons of organic carbon, with an additional 1,000
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lthough it seems harsh to view human
beings as a plague or a weed on the
Earth, there is an element of truth to
that description. Humans do not inter-

act with the environment like other animals. When a
large number of humans populate an area, they alter
the landscape to suit their needs. Rather than die out
due to lack of resources, the population continues to
increase and cities spring up where once plants and

Humans Have a Tremendous Impact on the Environment      695694 CHAPTER 20 Ecology and Societal Issues

to 3,000 billion tons held in
dead or decaying matter in
the soil (Figure 20.24).
These either undergo imme-
diate decay, releasing carbon
into the atmosphere, or be-
come fossil fuels.

Fossil fuels are part of the carbon cycle Fos-
sil fuels are the basis of the long-term organic carbon
cycle. Under the proper geochemical conditions, de-
caying organic matter is converted to coal, oil, or nat-
ural gas. These fossil fuels are collected and burned for
transportation and heat. As humans continually remove
and oxidize carbon from the fossil fuel reservoir, the
amount of carbon in each pool is shifting. In the last 20
years, there has been a substantial increase in the level
of carbon dioxide in the atmosphere, equivalent to ap-
proximately 42 billion metric tons of carbon. Not only
are we adding carbon to the atmosphere, but we are
subtracting it from plants as we burn rain forests. This

reduction in plant material in turn reduces the amount
of photosynthesis, exacerbating the shifting carbon lev-
els. With fewer photosynthetic organisms, less carbon is
removed from the atmosphere.

The problem with accumulating carbon in the
atmosphere centers on the greenhouse effect (Figure

20.25). Carbon dioxide, methane, and other gases in
the atmosphere capture heat that has radiated from
Earth’s surface. Normally, a great deal of this heat es-
capes into space. But with more greenhouse gases in
the atmosphere more heat remains near Earth, raising
the average temperature. In the past century, near-
Earth temperatures have risen 0.6 degrees C. This may
not sound like much, but most scientists agree: the dan-
gers of global warming are real. Sea levels are rising as
glaciers melt. The ice caps on the Antarctic and Green-
land are showing signs of instability, further raising the
sea level.

Scientists who study ancient climates have seen
rapid changes just over a decade or two, proving that
climate is not a steady-state affair, but a dynamic phe-

Satellite view of carbon sinks Figure 20.24

Carbon is held in the biosphere in organisms as well as in the

sediment and atmosphere. Those areas of large carbon stores

are referred to as carbon sinks. This satellite image indicates

the areas where carbon is concentrated on the Earth.

Greenhouse effect Figure 20.25

Gases emitted from industrial stacks includes carbon dioxide,

methane, and other heat-capturing compounds. The heat

radiated back from the Earth is caught in these gases,

remaining close to the Earth’s surface, just as the panes of glass

heat the air in a florist’s greenhouse. This in turn elevates the

Earth’s temperature.

nomenon that can change quickly. After many years of
discussion and research, scientists are almost unani-
mous in their assessment. The climate is warming, and
much of the increase is due to human activity. Global
warming is likely to make hurricanes and droughts
more intense. We could see more wildfires and more

deaths due to heat waves. Diseases are moving into new
areas. Malaria, for example, is moving in the highlands
that once were too cool for mosquitoes. Changes in
temperature and rainfall could devastate farmlands,
but perhaps open other areas to the plow.

CONCEPT CHECK

Describe the
movement of energy
through ecosystems.

Sketch out an example
of a food chain and label
the trophic levels.

Why are there
usually no more
than five trophic
levels in a food chain
or web?

Describe a typical
biogeochemical
cycle.

Compare the
phosphorus cycle with
the nitrogen cycle. Are
the reservoirs the
same in both cases?

How is the carbon
cycle related to the
greenhouse effect?

Fossil fuels
Energy source 

derived from 

organic matter 

and stored in 

hydrocarbon 

deposits.

p0506a
missing

LEARNING OBJECTIVES

Summarize the effects of humans on the ecosystem.

Understand the origins of smog and acid rain.

Relate eutrophication to water pollution.

Humans Have a Tremendous Impact 
on the Environment

animals lived. They use up local resources and then
take from surrounding areas. Carrying capacity seems
to have no meaning to humans. Even in less industri-
alized countries, humans are altering the environ-
ment to suit their own needs. And as the human pop-
ulation grows and industrialization increases, many
observers of the global environment are pessimistic
that we will be able to solve our problems before they
overwhelm us.

A

Describe the process of biomagnification.

List three human activities that decrease biodiversity.
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AGRICULTURAL PRACTICES AND
“CIVILIZED” USE OF OUR RESOURCES

Humans living in one place
tend to alter the vegetation
drastically, often planting only
one or two species of food
crops. A drive through the
Midwestern Corn Belt will
demonstrate this. Monocul-
ture agriculture abounds—

there is literally nothing but corn for miles and miles!
What does this do to the ecosystem? Originally,

the Midwest was short-grass and tall-grass prairie, with
hundreds of species of grasses and wildflowers. Insect
populations were diverse, occupying myriad niches in
the prairie. Larger animals were also represented by a
good number of species, including buffalo. When plant
diversity is decreased, the ecosystem’s ability to support
diverse animal life decreases as well. With the same pri-
mary producer on acre after acre, ecosystem diversity
declines, and so does the resilience of the ecosystem.
That one crop year after year is pulling a specific set of
nutrients from the soil, whereas many different plants
pull and replace different levels of nutrients, allowing
the soil to maintain its diversity and health. Also, dis-
eases or insects that attack the dominant species could
wipe out the entire crop, further reducing the diversity
of the area.

Of course, hunger is a basic human drive, one
that we must constantly work toward satisfying, and
monoculture does provide vast quantities of food. Per-
haps we can find a smarter, more environmentally
sound way to produce food to meet our growing needs?
Currently, agricultural research is focusing on the quest
to produce quality food with minimal environmental
devastation, under the general category of sustainable
agriculture.

WATER AND AIR POLLUTION 
ARE HUMAN HEALTH ISSUES

Other ecosystem damage comes from widespread pol-
lution of water, soil and air. Air pollution includes any-
thing suspended in the atmosphere that decreases the
quality of life for those organisms breathing it. Polluted

air causes problems in the respiratory tracts of organ-
isms, either by adding particles that clog or damage res-
piratory membranes, or by creating compounds that
otherwise harm the body’s tissues. Water pollution de-
prives us of water’s usual benefits. We add chemicals
that change water’s composition, preventing us from
using that water for industrial, or personal needs. Soil
can also be contaminated with persistent toxic com-
pounds. These get into the soil through human activi-
ties and include salts, pesticides, radioactive materials,
or biological factors such as pathogenic bacteria or
viruses. Finally, simple garbage can be an environmen-
tal problem as well (see the I Wonder box).

In many parts of the globe, legislatures have at-
tempted to curb the destruction of the environment by
passing laws limiting air and water pollution. For exam-
ple, a 1987 international forum called the Montreal Pro-
tocol began the phase-out of CFCs
(chlorofluorocarbons). CFCs
were used in air conditioners and
freezers until scientists discovered
that they deplete the ozone layer
once they were released into the
atmosphere (Figure 20.26).

Ozone layer Figure 20.26

Ozone, or O3, provides a protective layer of UV absorption in

our upper atmosphere. Damage to this layer causes thinning of

the O3, which in turn allows UV rays to reach the Earth.

Chlorofluoro-
carbons
Compounds made

of hydrogen, 

carbon, fluorine

and chlorine once

used as refrigerants

in cooling systems.

Monoculture
the practice of

planting a single

species over large

tracts of land
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Where does all the garbage go?

For centuries, Americans have found place after place to
put a garbage dump. But a growing population and contin-
ued economic prosperity have translated into an ever-grow-
ing stream of products—and garbage. In 2003, the daily
per-capita solid waste production in the United States
reached 4.5 pounds, up from 2.7 pounds, in 1960.

The bury-and-forget approach to garbage came under
fire in the 1970s, when plumes of groundwater pollution
were detected streaming away from garbage dumps. In
1978, the massive chemical contamination from Love Canal
in New York State awakened people to the fact that the
dumps used to dispose of household and toxic wastes
eventually leak into the groundwater, which provides much
of our drinking water. Unfortunately, the barrier systems
that the Environmental Protection Agency required in 1991
to prevent water contamination will also “ultimately fail,” as
the agency has acknowledged, thereby only postponing in-
stead of preventing pollution. At the same time, municipali-
ties have had more difficulty finding landfill sites, and the
cost of disposal is starting to soar.

These factors have created a fertile ground for recy-
cling, especially as energy prices soared after the two oil
crises of the 1970s. Why throw out an aluminum can, when
it takes so much electrical energy to refine enough alu-
minum to replace it? In the 1980s, recycling started to play
a major role in reducing the amount of garbage. By 2003,
recycling rates ranged from 22 percent for glass bottles to
93 percent for auto batter-
ies. Beyond reducing the
need for landfills, recycling
can reduce the impact of
mining or logging to pro-
duce raw material, and also
cut fuel use and air
pollution.

Recycling can take
many forms:

• Composting converts or-
ganic material, such as
food waste or lawn trim-
mings, into a soil amend-
ment. Composting re-
duces waste volume and
retains precious nutri-
ents. A second form of
composting can be used
to dispose of leftovers
from municipal sewage
treatment: the solid mat-
ter remaining can be
tested for contaminants
and composted into an
excellent, odorless fertil-
izer for farm fields.

• Curbside recycling programs reuse plastic, metal and
glass containers, as well as newspaper and cardboard.

• Construction recycling handles massive amounts of ma-
terial each year. Road builders commonly reuse asphalt
and concrete for building new roads. In addition, mil-
lions of tons of coal ash produced by electric generators
can be made into building material, such as concrete
blocks.

Other countries have their own approaches to recy-
cling. In Europe, small appliance manufacturers are re-
quired to take their product back at the end of its lifetime,
which creates a strong incentive to manufacture products
that are easy to recycle. In Japan, a conservation ethic,
combined with much higher population density, has led to
extremely high recycling rates.

Here in the United States, there is much more that can
be done. In 2003, we generated 236 million tons of munici-
pal solid waste and recycled only 72 million tons of that.
Promoting markets for recycled materials and buying recy-
cled material can both help raise the incentive to recycle.
Another way to reduce the garbage glut is to urge manufac-
turers to reduce their packaging and to make products that
can be repaired and will last longer before needing dis-
posal. So could stopping to think before buying that next
trinket. Do you really need that product?

www.wiley.com/
college/ireland
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por and form sulfuric acid.
The acid falls back to Earth as
acid rain, damaging biotic and
abiotic structures alike. Regu-
lations in some places require
industries to reduce sulfur
dioxide emissions. Scrubbers
reduce sulfur oxide emissions

from coal-fired electric generators, for example, and
automobile manufacturers must meet minimum stan-
dards for tailpipe emissions.

The atmosphere is not the only resource that
can be damaged by human activity. Water pollution is a
serious threat. As mentioned, there is precious little
available freshwater. We water crops, cool factory ma-
chinery and electric generators, and flush away feces
and urine with freshwater, and all of these actions pol-
lute the water. Water can be polluted by organic or in-
organic nutrients, as well as toxic chemicals. Organic
nutrients include compounds from sewage treatment
plants, paper mills, and food processing factories. Inor-
ganic nutrients usually come from fertilizer runoff.
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Acid rain photo Figure 20.28

Acid rain can cause widespread death of vegetation, or it can

lower the pH of lakes and ponds to the point where nothing can

survive. The acid content in the water can also erode both

synthetic and natural stone structures with amazing speed.

Scrubbers
Equipment in a

smokestack that 

removes impurities

from the escaping

gas.

Ozone (O3) in the upper atmosphere
blocks harmful ultraviolet radiation that
can otherwise cause cancer and other prob-

lems in the bios-
phere. CFCs re-
leased near the
Earth’s surface
rise to the tropos-
phere where the
chlorine destroys
the ozone. In the

early 1990s, a hole in the ozone layer raised
the prospect of widespread biological dam-
age through UV radiation. Since the CFC
phase-out began, these holes have been re-
ceding. CFCs are stable and will remain in
the atmosphere for a long period, but the
episode does show that global action can
slow or reverse a clear environmental
threat.

Air pollution includes smog and
acid rain. Smog is a general term for nitro-
gen oxides and hydrocarbons that, in sun-
light, turn a brown or gray and form smog.
Smog contains PAN (peroxyacyl nitrates)
and ozone, both of which irritate mucous
membranes in the eyes and respiratory
tract (Figure 20.27). Ozone is helpful
in the upper atmosphere, but closer to the
ground it can make serious diseases like
asthma and emphysema even worse. Regu-
lations on automotive and industrial emis-
sions have reduced smog in some coun-
tries, but the problem is by no means
solved. Table 20.4 ranks the most pol-
luted major American cities, using sus-
pended particulate matter as the indicator
of pollution level.

Acid rain is caused by the release of
compounds that can convert to acids in the
atmosphere (Figure 20.28). Nitrogen
oxides from auto emissions are easily con-
verted to nitric acid, for example. The
largest source of acid rain is sulfur oxides
(SO2 and SO3) released from burning fossil
fuels. These oxides combine with water va-

Troposphere
The portion of the

atmosphere imme-

diately above the

Earth’s surface.

Smog caused by a temperature inversion Figure 20.27

We all know that warm air rises, but occasionally cold air can form a “lid”

trapping warm air next to the Earth. If this happens near an industrialized

area, smog produced in that area will remain in the air of the city. Smog

ratings are provided in cities where this is a common occurrence, such as

Los Angeles, California.

Source: http://www.lungusa.org/site/pp.asp?c—dvLUK900E&b=50752

Metropolitan areas most polluted by year-round particle pollution
Table 20.4

Rank Metropolitan Areas

15 Canton- Massillon, OH

16 Charleston, WV

17 Modesto, CA

18 New York, NY–Newark, NJ–Bridgeport, CT

18 Merced, CA

20 St. Louis-St. Charles, MO–Farmington, IL

21 Washington, DC–Baltimore, MD–Northern Virginia, VA

22 Louisville, KY–Elizabethtown-Scottsburg, IN

22 Huntington, WV–Ashland, OH

24 York-Hanover-Gettysburg, PA

24 Lancaster, PA

24 Columbus-Marion-Chillicothe, OH

Rank Metropolitan Areas

1 Los Angeles-Long Beach-Riverside, CA

2 Visalia-Porterville, CA

3 Bakersfield, CA

4 Fresno-Madera, CA

5 Pittsburgh-New Castle, PA

6 Detroit-Warren-Flint, MI

7 Atlanta-Sandy Springs-Gainesville, GA

8 Cleveland-Akron-Elyria, OH

9 Hanford-Corcoran, CA

9 Birmingham-Hoover-Cullman, AL

11 Cincinnati, OH–Middletown, KY–Wilmington, IN

12 Knoxville-Sevierville-La Follette, TN

13 Weirton, WV–Steubenville, OH

14 Chicago, IL–Naperville, IN–Michigan City, WI
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Biomagnification Figure 20.30

One of the most well-understood examples of

biomagnification is the story of DDT and the bald eagle.

DDT was used to control insects and was sprayed with

abandon during the summer months to control

mosquitoes. Through biomagnification, the relatively small

amount of DDT used to control insects was magnified

many times through the food chain. In the top predators,

the bald eagles, DDT levels were alarmingly high. The

worst effect of high DDT in eagles and other birds was the

inability to produce a thick, healthy eggshell. Fertilized

eggs were breaking in the nest, and the bird populations

were dropping dramatically. With the ban on DDT in 1972,

the populations have slowly recovered.
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One consequence of water pollution is eutroph-
ication (Figure 20.29). When nutrient levels sky-
rocket in a shallow body of freshwater, plant life multi-
plies rapidly. Eventually, the excess mass of producers
will die, and the decomposers will work on the biomass.
The death and decomposition of these plants reduces
the water’s oxygen concentration, killing fishes and in-
vertebrates. Eutrophication is a natural process that
converts ponds to wetlands and dry land, but human
activity greatly enhances its rate.

Groundwater can be polluted as chemicals per-
colate from the surface into the groundwater. This is
doubly troublesome as groundwater serves as drinking
water sources for the majority of humans. The slow

turnover of groundwater means those pollutants will re-
main in that aquifer for many years.

Toxic pollutants can be particularly dangerous.
Biomagnification, or the concentrating of toxins as they
move up the food chain, can lead to serious health con-
cerns (Figure 20.30). One dramatic example oc-
curred in the 1960s, where 111 people died in Mini-
mata, Japan, after eating fish containing high levels of
mercury. How did this happen? Fish naturally carry low
levels of mercury in their tissues, due to a small amount
of mercury vapor in the atmosphere that becomes dis-
solved in water. Bacteria convert dissolved mercury to
methyl mercury, which is more toxic. Fish concentrate
methyl mercury in their tissues as water passes over

Submerged
vegetation

Emerging
vegetation

Marsh

Forest

Pond

Eutrophication Figure 20.29
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their gills. The absorbed methyl mercury binds to pro-
teins. When larger fish eat the smaller fish, they ingest
methyl mercury and their own level rises. Higher levels
of mercury are often seen in swordfish and tuna, which
are at the top of the food chain. The usual concentra-
tion of open-ocean fish is 0.001 to 0.5 parts per million..
In Minimata, the top predators had concentrated
alarmingly high amounts of mercury in their tissues ow-
ing to small increases in mercury at the lower trophic
levels. The average mercury levels of the fish in Mini-
mata ranged from 9 to an astounding 40 parts per
million!

This discussion has centered on activities of the
U.S. population because the U.S. economy uses and,
some say, abuses so many resources: 22 tons of fuel,
metals, minerals, food and forest products per person,
per year. All of these materials are used to construct
cities, suburbs, and roads, to drive long distances in our
215 million cars and trucks; we also allow soil erosion in
our one-crop farming system, and we divert waterways
to suit our needs. Taking all this into account, some sci-
entists have estimated that the typical American con-
sumes 88 tons of resources per year.

Americans are not alone in their use of re-
sources. For example, in 2001 Asia consumed 2,370,000
thousand metric tons of fossil fuel. During the same
year, the Middle East consumed 560,000 thousand met-
ric tons, Europe consumed 3,038,000 thousand metric
tons, and North America consumed 2,157,000 thou-
sand metric tons. Another resource that the world uses
at a tremendous rate is paper and paper products. In
2004, 103,861,000 metric tons of paper were used in
Asia; 7,260,000 tons went to the Middle East and North
Africa, 94,191,000 tons were consumed in Europe, and
101,058,000 tons went to the North American
population.

Around the world, people are moving into ur-
ban areas that are rapidly expanding to take over the
countryside, while some rural areas are being depopu-
lated or running deeper into poverty. In the United
States, urban sprawl is eating up valuable farmland as
we turn rural areas into housing divisions and bedroom
communities. Eventually, as the population rises, we
could regret the day we decided that farmland was ideal
for growing subdivisions.

Biodiversity is a measure of species richness,
measured at any one of three levels. Genetic diversity is

the variation in individuals in a population. Genetic di-
versity allows for increased reproductive success and is
the raw material for adaptation. Species diversity is a
study of the species alive today. Taxonomists believe
there are at least 30 million species on Earth, but some
estimates run up to 80 million. Community diversity
measures the diverse forms of life living together in a
community.

Human activity tends to decrease biodiversity,
as we alter landscapes and force animals and plants to
move or die out. Removing habitat through farming,
construction, mining, or recreation can cause extinc-
tion. When we pollute the environment, overfish, or
overhunt animals, we cause extinction. We can even
cause extinction by bringing new species to an environ-
ment. These organisms may have no natural predators
in the new ecosystem and can
thus outcompete native organ-
isms. Introduced species often
take over large parts of ecosys-
tems, preying on endemic
and indigenous species or
otherwise destroying the nat-
ural balance of the ecosystem.

Hawaii and other re-
mote islands are currently fighting the introduction of
new species, which have an especially easy time coloniz-
ing remote ecosystems. One good example comes from
the introduction of the brown tree snake (Boiga irregu-
laris) to Guam Between 1945 and 1952. The snake prob-
ably arrived as a stowaway on a ship. With no natural
predators and an abundance of easy prey, the brown
tree snake population boomed, eating birds, lizards,
bird and reptile eggs, even pets. The brown tree snake
populations grew so large that villages would suffer
power outages as the weight of brown tree snakes bask-
ing on the power lines caused them to snap. Eventually,
the snake exterminated most of the small vertebrate
populations of the forests in Guam, including birds and
mammals. To this day the island is eerily quiet due to
the lack of birds. Control efforts are underway, as are
strict monitoring programs on neighboring islands,
where this snake could cause similar havoc. In Hawaii,
the brown tree snake would cause an ecological disaster
similar to the one it caused in Guam. The Hawaiian Is-
lands are already fighting ecological invaders like the
little fire ants, coqui frogs, and miconia plants. Each of

CONCEPT CHECK

What are the environmental effects of our
modern agricultural practices?

What is the primary cause of acid rain?

Explain how the brown tree snake affected
biodiversity in Guam.

What can be done to prevent the loss of
biodiversity on a global scale? On a local
scale? In your own yard?

Endemic
Native to a region.

Indigenous
Found only in a 

particular region.

these invaders is capable of harming the islands’ pre-
cious biodiversity by outcompeting endemic species
and pushing them toward extinction.

Although oceanic islands are an extreme exam-
ple, species extinctions are worldwide problems. In the
last century, 10 percent of the 297 known mussel and
clam species and 40 of about 950 freshwater fishes in
North America have disappeared. Plants and animals of
the rain forests, as well as coral reefs, are also threat-
ened. While biologists cannot exactly predict how accel-
erating global warming and global growth will affect ex-
tinctions, most expect the problem to become more
severe.

Due mainly to human activity, the current ex-
tinction rate is estimated to be 100 to 1,000 times
higher than in recent history. Dr. Donald Levin, a re-
searcher at the University of Texas Austin, claims that
one additional species becomes extinct every 20 min-
utes. He predicts that within 200 to 300 years Earth will
lose at least half of all animal and plant species. We
could be in the early stages of a sixth major extinction,
since the current rate is higher than that at any time ex-

cept during the five mass extinc-
tions in geological history. This
is reason for concern.

The ecological future is
not pretty. An increasing popula-
tion needs more food. We abuse
our resources and produce more
waste. Some steps toward sus-
tainability include better waste

treatment, land and water conservation, planned com-
munity growth, reduced population growth, smarter
use of energy, and more recycling. These steps may
seem small, but they can move us in the right direction.

LIFE ON EARTH GOES ON

Throughout this book, we have studied the processes
and concepts of biology through the human organism.
We began with what it means to be alive, and we gave a
short explanation of the classification of humans. From
there, we progressed through biochemistry, cells, tis-
sues, and organ systems. We discussed the notion of
homeostasis and described how major body processes
continuously attempt to restore balance. Later, we ex-
plored how the human animal fits into the history of
life and into the environment.

As your understanding of life processes in-
creased, we added ecological and evolutionary ideas.
Social consciousness was an underlying theme through-
out the chapters, as ethical dilemmas regarding the ef-
fects and consequences of science and technology
abound in all cultures. Hopefully, as you complete this
book, you are feeling better prepared to make sound
political and social decisions based on facts. Your deci-
sions and opinions are firmly grounded in understand-
ing, and should not be swayed by partial or misleading
arguments, whether they come from friends, family, or
the media.

Sustainability
The process of 

exploiting resources

and energy wisely,

thereby ensuring 

resources for future 

generations.
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5Energy Flows Through an Ecosystem 
While Chemicals Cycle

Energy flows through an

ecosystem, while nutrients usually

cycle within it. Energy is constantly

lost as heat and it is gained from

sunlight. Nutrients cycle through 

either a gaseous or a sedimentary

cycle. Carbon, water, nitrogen, and

phosphorus are the main nutrients

that are followed in ecological stud-

ies. Phosphorus is mainly stored in

the ground, while nitrogen and 

water have a strong atmospheric 

influence. The reality of global

warming, caused in large measure

by carbon dioxide accumulation in

the atmosphere, has focused special

attention on the carbon cycle.

6Humans Have a Tremendous
Impact on the Environment

Humans tend to upset the natural balance of

ecosystems by our daily actions. We pollute the

waters, add particle pollution to the air, and speed

the process of eutrophication in freshwater lakes

and ponds.

We destroy

biodiversity

and speed

the loss of

endemic

and 

indigenous

species.

1Ecosystems Define Plants
and Animals Living Together

Ecology is the study of organisms and

their interactions with one another and the

environment. Individuals of the same

species make up a population. The many

populations in an area define a community.

Ecosystems are composed of all the com-

munities in a larger geographical area. The

entire Earth is referred to as the biosphere

when discussed in ecological terms. Ecosys-

tems can be defined by the dominant or-

ganisms and result in nine categories of bio-

mes. When a biome is new, organisms fill

the available niches in predictable patterns.

Primary succession occurs on newly cre-

ated land, while secondary succession

takes place after a clear-cut, a devastating

fire, or another disaster.

4Organisms Are Either
Producers or Consumers

Photosynthesis is the production of

sugars from energy, water, and carbon diox-

ide. The opposite process is respiration,

which releases energy, carbon dioxide, and

water by burning glucose and other sugars.

Primary producers photosynthesize or

(much more rarely) chemosynthesize (use

chemical energy) macromolecules. Both

producers and consumers respire, releasing

and using the energy

stored in glucose to do

work for the cell. These

processes are related in

a food chain, or food

web. At each step on a

food chain, 90 percent of

the energy is lost. Most

food chains can sustain a

maximum of four or five

trophic levels.

3Carrying Capacity and
Population Growth Are
Regulated by the
Environment

Mortality rates indicate the health of a

population. When carrying capacity is

reached, organisms cannot obtain needed

resources and the population declines. As

the population dips below carrying capac-

ity, organisms find resources more easily,

and the population

again increases. This os-

cillation is natural.

Growth curves of biotic

potential can start

steeply and then level

off, have a level slope,

or start out flat and then

increase with age.

Malthusian strategists

have many offspring and

tend to overshoot carry-

ing capacity. Mortality

curves can show three

trends. Type I organisms

have few offspring but

provide extensive care

for them. Type II organ-

isms are apt to perish at

any point in their life cy-

cle. Type III organisms

show a high infant mor-

tality rate, with a subse-

quent leveling of mortal-

ity at adulthood.

2Organisms Have Specific
Habitats and Niches

Organisms live in a particular habitat

and occupy a specific niche. No two organ-

isms can occupy the same niche at the

same time. Because of these specific re-

quirements, an organism’s biogeographic

range can be predicted and mapped. When

organisms compete for resources, they can

partition the resource, so more organisms

can use it without direct competition.

CHAPTER SUMMARY
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1. Describe your population, your community, and your ecosys-

tem. What is your habitat? Your niche? How and with whom do

you partition the resources you need?

2. Relate the survivorship curves in Figure 20.9 to the concepts of

density-dependent and density-independent factors. Which

type of factor contributes to the mortality of each type of or-

ganism?

3. Diagram the process of photosynthesis. Using the products

shown in your diagram, continue the flow to show how respira-

tion is related to photosynthesis.

4. Some people believe that being a vegan is the most responsible

way to get nutrients while still maintaining the balance of the

ecosystem. Explain their rationale, giving solid information that

credits or discredits this claim.

5. List three ways in which humans can negatively impact the en-

vironment. What can you do in your life to leave behind a

healthier and more productive ecosystem?

CRITICAL THINKING QUESTIONS

■ biogeographic range p. 000

■ biome p. 000

■ chlorofluorocarbons p. 000

■ chlorophyll p. 000

■ climax community p. 000

■ consumers p. 000

■ cyanobacteria p. 000

■ detritus p. 000

■ dominant population p. 000

■ endemic p. 000

■ energy p. 000

■ eutrophying p. 000

■ evaporate p. 000

■ fixing p. 000

■ fossil fuels p. 000

■ guano p. 000

■ hydrolyze p. 000

■ indigenous p. 000

■ metabolize p. 000

■ monoculture p. 000

■ partitioning p. 000

■ photopigment p. 000

■ phytoplankton p. 000

■ pioneer species p. 000

■ producers p. 000

■ root nodule p. 000

■ scrubber p. 000

■ sustainability p. 000

■ trophic level p. 000

■ troposphere p. 000

■ zooplankton p. 000

Critical Thinking Questions      705

KEY TERMS
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12. The final link (highest-ranking energy utilizer) in the energy web

of any biome is occupied by

a. producers.

b. tertiary and, rarely, quaternary consumers.

c. detritovores.

d. omnivores.

13. The reaction in this figure is occurring

a. both during the day and at night.

b. in the chloroplast.

c. on the choroplast inner membrane, the thylakoid.

d. in animal cells only.

14. Photosynthesis is biochemically related to cellular respiration

because

a. they both require oxygen in order to begin.

b. they both occur in the chloroplast.

c. photosynthesis produces the materials needed for respira-

tion and vice versa.

d. both require ATP and produce sugars.

15. This diagram indicates that if the fish were removed from the

food web,

a. annelids and man would necessarily die out.

b. mollusk and arthropod populations would decrease in size.

c. algae would die out.

d. humans would move to a more reliable food source.

16. The phosphorus cycle is an example of a/an __________ cycle.

a. gaseous

b. sedimentary

c. open

d. exchange pool

17. Water is found in greatest abundance in the

a. atmosphere.

b. glaciers.

c. rivers and groundwater.

d. oceans.

18. This diagram illustrates the natural process of

a. ecology.

b. eutrophication.

c. climax community development.

d. deforestation.

Self Test      707

1. The proper order of terms, from most inclusive (largest group-

ing) to least inclusive (smallest grouping) is:

a. biosphere S ecosystem S community S population 

S individual.

b. ecosystem S population S community S biosphere 

S individual.

c. population S community S biosphere S ecosystem 

S individual.

d. community S population S ecosystem S biosphere 

S individual.

2. This graph below shows that

a. prey populations are uncontrolled and grow exponentially.

b. predator populations are always smaller than prey

populations.

c. predator population trends mirror prey population trends,

with some delay.

d. there is no relationship between predator and prey popula-

tion sizes.

3. Which of the following would NOT be included in a farming

town community?

a. People

b. Farm animals

c. Farm crops

d. Soil type

4. The biome pictured here is the

a. temperate 

grasslands.

b. tundra.

c. tropical 

rainforest.

d. chaparral.

5. The biome with the least amount of yearly rainfall is the

a. savanna. c. desert.

b. chaparral. d. tundra.

6. A clear-cut portion of the rainforest that is abandoned and al-

lowed to return to the natural state is an example of

a. primary succession.

b. climax community.

c. secondary succession.

d. partitioned succession.

7. True or false: The plant life seen in this image is referred to as

pioneer species.

SELF TEST

706 CHAPTER 20 Ecology and Societal Issues

19971995 20001980

P
o

p
u

la
ti

o
n

 s
iz

e

Predator
Prey

1986 19891983 1992

Electron
acceptor

2 NADP+

2 NADPH

PHOTOSYSTEM I

PHOTOSYSTEM II

Chlorophyll
molecules

Chlorophyll
molecules

Light

Light

ATP
synthase

High H+

concentration

Low H+

concentration

P680

P700

ADP+Pi

Electron
acceptor

e–

e–

e–
4e–

4e–

4e–

4e–2H+

2H2O

4H+ + O2

Electron
    transport
        chain

e–

e–

e–

Electron
transport
chain

e–

e–

e–

H+

2H+

H+

H+

H+ H+

Enlarged view
of step 7 showing
the electron transfer
that activates the
proton pumping
and the formation
of ATP.

10

9

8

5

2

3

4

7

11

12

13

14

6

1

ATP

ATP

ADP + Pi

Birds

Birds

Mammals
Mammals

Nutrients

Nutrients

Nutrients

Detritus

Bacteria and
fungi

Mollusks
Annelids

Algae

Fish

Humans

Birds

Arthropods
Meiofauna

Submerged
vegetation

Emerging
vegetation

Marsh

Forest

Pond

10. Populations that reproduce quickly, produce many offspring but

offer little to no parental care, exploit resources, and overshoot

the carrying capacity of the environment are referred to as

a. Malthusian strategists.

b. logistic strategists.

c. type I survivorship curve organisms.

d. type II survivorship curve organisms.

11. The organisms that are responsible for fixing the organic com-

pounds used by the rest of the food chain are referred to as

a. consumers. c. producers.

b. cyanobacteria. d. heterotrophs.

8. The __________ of the raccoon includes temperate forests,

suburban communities, and streams. It also includes fresh wa-

ter and trees available for nesting.

a. habitat

b. niche

c. biogeographical range

9. The two organisms in this image are

a. sharing one niche.

b. actively competing, in which 

case one will be the winner, 

and the other will have to 

find a new home.

c. involved in competitive 

selection.

d. partitioning the resource to 

avoid direct competition.

19. When a chemical compound is found in trace quantities in the

environment, but becomes more and more concentrated in the

flesh of the animals living there, we say __________ is occur-

ring.

a. evolution

b. succession

c. biomagnification

d. bioluminescence

20. Which of the following activities is most in agreement with the

practices of sustainability?

a. Running factories 24 hours a day, 7 days a week to produce

more goods.

b. Monocultural farming practices.

c. Diet practices of a strict vegan-type vegetarian.

d. Reducing population growth by closely controlling repro-

ductive behavior.
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