Key Questions and Concepts
How do species interact?

5-1

5-4 How do communities and ecosystems respond
to changing environmental conditions?

C O N C E P T 5 - 1 Five types of species interactions—competition,
predation, parasitism, mutualism, and commensalism—affect the
resource use and population sizes of the species in an ecosystem.

The structure and species composition of
communities and ecosystems change in response to changing
environmental conditions through a process called ecological
succession.

CONCEPT 5-4

How can natural selection reduce competition
between species?

5-2

C O N C E P T 5 - 2 Some species develop adaptations that allow
them to reduce or avoid competition with other species for
resources.

What limits the growth of populations?

5-3

No population can continue to grow indefinitely
because of limitations on resources and because of competition
among species for those resources.
CONCEPT 5-3

Note: Supplements 2 (p. S4), 4 (p. S20), 5 (p. S31), 6 (p. S39), and 13 (p. S78) can be
used with this chapter.

In looking at nature, never forget that every single organic being around us
may be said to be striving to increase its numbers.
CHARLES DARWIN, 1859

5-1

How Do Species Interact?

▲

C ON C EP T 5- 1 Five types of species interactions—competition, predation,
parasitism, mutualism, and commensalism—affect the resource use and population
sizes of the species in an ecosystem.

Species Interact in Five Major Ways
Ecologists identify five basic types of interactions between species that share limited resources such as food,
shelter, and space:
•

Interspecific competition occurs when members
of two or more species interact to gain access to the
same limited resources such as food, light, or space.

•

Predation occurs when a member of one species (the predator ) feeds directly on all or part of a
member of another species (the prey).

•

Parasitism occurs when one organism (the parasite) feeds on the body of, or the energy used by,
another organism (the host ), usually by living on or
in the host.

•

Mutualism is an interaction that benefits both
species by providing each with food, shelter, or
some other resource.

•

Commensalism is an interaction that benefits one
species but has little, if any, effect on the other.

These interactions have significant effects on the
resource use and population sizes of the species in an
Links:

refers to the Core Case Study.

ecosystem (Concept 5-1). Interactions that help to limit
population size illustrate one of the four scientific principles of sustainability (see back cover).
These interactions also influence the abilities
of the interacting species to survive and reproduce; thus the interactions serve as agents of
natural selection (Concept 4-2B, p. 80).

Most Species Compete with One
Another for Certain Resources
The most common interaction between species is competition for limited resources. While fighting for resources
does occur, most competition involves the ability of
one species to become more efficient than another species in acquiring food or other resources.
Recall that each species plays a unique role in its
ecosystem called its ecological niche (p. 91). Some species
are generalists with broad niches and some are specialists with narrow niches. When two species compete
with one another for the same resources such as food,
light, or space, their niches overlap (Figure 4-11, p. 91).

refers to the book’s sustainability theme.

indicates links to key concepts in earlier chapters.

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.

101

The greater this overlap the more intense their competition for key resources.
Although different species may share some aspects of
their niches, no two species can occupy exactly the same
ecological niche for very long—a concept known as the
competitive exclusion principle. When there is intense competition between two species for the same resources,
both species suffer harm by having reduced access to
important resources. If one species can take over the
largest share of one or more key resources, the other
competing species must migrate to another area (if possible), shift its feeding habits or behavior through natural selection to reduce or alter its niche, suffer a sharp
population decline, or become extinct in that area.
Humans compete with many other species for space,
food, and other resources. As our ecological footprints
grow and spread (Figure 1-10, p. 15) and we convert
more of the earth’s land, aquatic resources, and net primary productivity (Figure 3-16, p. 64) to our uses, we
are taking over the habitats of many other species and
depriving them of resources they need to survive.
THINKING ABOUT
Humans and the Southern Sea Otter
What human activities have interfered with the ecological niche of the southern sea otter (Core Case Study)?

Most Consumer Species Feed
on Live Organisms of Other Species
All organisms must have a source of food to survive.
Recall that members of producer species, such as plants
and floating phytoplankton, make their own food,
mostly through photosynthesis (p. 58). Other species
are consumers that interact with some species by feeding on them. Some consumers feed on live individuals
of other species. They include herbivores that feed on
plants, carnivores that feed on the flesh of other animals, and omnivores that feed on plants and animals.
Other consumers, such as detritus feeders and decomposers, feed on the wastes or dead bodies of organisms.
In predation, a member of one species (the predator) feeds directly on all or part of a living organism of
another plant or animal species (the prey) as part of a
food web (Concept 3-4A, p. 61). Together, the
two different species, such as lions (the predator or hunter) and zebras (the prey or hunted), form
a predator–prey relationship. Such relationships are
shown in Figures 3-13 (p. 62) and 3-14 (p. 63).
Herbivores, carnivores, and omnivores are predators. However, detritus feeders and decomposers, while
they do feed on other organisms after they have died,
are not considered predators because they do not feed
on live organisms.
Sometimes predator–prey relationships can surprise us. During the summer months, the grizzly bears
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of the Greater Yellowstone ecosystem in the western
United States eat huge amounts of army cutworm
moths, which huddle in masses high on remote mountain slopes. One grizzly bear can dig out and lap up as
many as 40,000 of these moths in a day. Consisting of
50–70% fat, the moths offer a nutrient that the bear
can store in its fatty tissues and draw on during its winter hibernation.
In giant kelp forest ecosystems, sea urchins prey on
giant kelp, a form of seaweed (Core Case Study,
Figure 5-1, right). However, as keystone species, southern sea otters (Figure 5-1, top left) prey on
the sea urchins and help to keep them from destroying
the kelp forest ecosystems (Science Focus, p. 104).
Predators have a variety of methods that help
them capture prey. Herbivores can simply walk, swim,
or fly up to the plants they feed on. For example, sea
urchins (Science Focus, Figure 5-A, p. 104) can move
along the ocean bottom to feed on the base of giant
kelp plants. Carnivores feeding on mobile prey have two
main options: pursuit and ambush. Some, such as the
cheetah, catch prey by running fast; others, such as the
American bald eagle, can fly and have keen eyesight;
still others, such as wolves and African lions, cooperate
in capturing their prey by hunting in packs.
Other predators use camouflage to hide in plain sight
and ambush their prey. For example, praying mantises
(Figure 3-A, right, p. 54) sit in flowers of a similar color
and ambush visiting insects. White ermines (a type of
weasel) and snowy owls hunt in snow-covered areas.
People camouflage themselves to hunt wild game and
use camouflaged traps to ambush wild game.
Some predators use chemical warfare to attack their
prey. For example, spiders and poisonous snakes
use venom to paralyze their prey and to deter their
predators.
Prey species have evolved many ways to avoid
predators, including abilities to run, swim, or fly fast,
and highly developed senses of sight or smell that
alert them to the presence of predators. Other avoidance adaptations include protective shells (as on armadillos and turtles), thick bark (giant sequoia), spines
(porcupines), and thorns (cacti and rosebushes). Many
lizards have brightly colored tails that break off when
they are attacked, often giving them enough time to
escape.
Other prey species use the camouflage of certain
shapes or colors or the ability to change color (chameleons and cuttlefish). Some insect species have shapes
that make them look like twigs (Figure 5-2a), bark,
thorns, or even bird droppings on leaves. A leaf insect
can be almost invisible against its background (Figure 5-2b), as can an arctic hare in its white winter fur.
Chemical warfare is another common strategy. Some
prey species discourage predators with chemicals that
are poisonous (oleander plants), irritating (stinging nettles and bombardier beetles, Figure 5-2c), foul smelling
(skunks, skunk cabbages, and stinkbugs), or bad tast-
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ing (buttercups and monarch butterflies, Figure 5-2d).
When attacked, some species of squid and octopus emit
clouds of black ink, allowing them to escape by confusing their predators.
Many bad-tasting, bad-smelling, toxic, or stinging
prey species have evolved warning coloration, brightly
colored advertising that enables experienced predators to recognize and avoid them. They flash a warning:
“Eating me is risky.” Examples are brilliantly colored
poisonous frogs (Figure 5-2e); and foul-tasting monarch butterflies (Figure 5-2d). For example, when a bird
such as a blue jay eats a monarch butterfly it usually
vomits and learns to avoid them.
Biologist Edward O. Wilson gives us two rules, based
on coloration, for evaluating possible danger from an
unknown animal species we encounter in nature. First,
if it is small and strikingly beautiful, it is probably poisonous. Second, if it is strikingly beautiful and easy to
catch, it is probably deadly.
Some butterfly species, such as the nonpoisonous
viceroy (Figure 5-2f), gain protection by looking and
acting like the monarch, a protective device known as
mimicry. Other prey species use behavioral strategies to
avoid predation. Some attempt to scare off predators by
puffing up (blowfish), spreading their wings (peacocks),
or mimicking a predator (Figure 5-2h). Some moths
have wings that look like the eyes of much larger animals (Figure 5-2g). Other prey species gain some protection by living in large groups such as schools of fish
and herds of antelope.

(a) Span worm

(b) Wandering leaf insect

(c) Bombardier beetle

(d) Foul-tasting monarch butterfly

(e) Poison dart frog

(f) Viceroy butterfly mimics
monarch butterfly

(g) Hind wings of Io moth
resemble eyes of a much
larger animal.

(h) When touched,
snake caterpillar changes
shape to look like head of snake.

THINKING ABOUT
Predation and the Southern Sea Otter
Describe a trait possessed by the southern sea otter
(Core Case Study) that helps it (a) catch prey and
(b) avoid being preyed upon?

At the individual level, members of the predator
species benefit and members of the prey species are
harmed. At the population level, predation plays a
role in evolution by natural selection (Concept 4-2B, p. 80). Animal predators, for example, tend to kill the sick, weak, aged, and least fit
members of a population because they are the easiest
to catch. This leaves behind individuals with better defenses against predation. Such individuals tend to survive longer and leave more offspring with adaptations
that can help them avoid predation. Thus, predation
can help increase biodiversity by promoting natural selection in which species evolve with the ability to share
limited resources by reducing their niche overlap.
Some people tend to view certain animal predators
with contempt. When a hawk tries to capture and feed
on a rabbit, some root for the rabbit. Yet the hawk, like
all predators, is merely trying to get enough food for
itself and its young. In doing so, it plays an important
ecological role in controlling rabbit populations.

Figure 5-2 Some ways in which prey species avoid their predators: (a, b) camouflage,
(c–e) chemical warfare, (d, e) warning coloration, (f) mimicry, (g) deceptive looks,
and (h) deceptive behavior.

Predator and Prey Species
Can Drive Each Other’s Evolution
To survive, predators must eat and prey must avoid becoming a meal. As a result, predator and prey populations exert intense natural selection pressures on one
another. Over time, as prey develop traits that make
them more difficult to catch, predators face selection

CONCEPT 5-1
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kelp forest is a forest of seaweed
called giant kelp whose large
blades grow straight to the surface (Figure 5-1, right) (Core Case Study).
The dependence of these plants on
photosynthesis restricts their growth
to cold, nutrient-rich, and fairly shallow
coastal waters, which are found in various
areas of the world, such as off the coast of
northern California (USA).
Giant kelp is one of the world’s fastest
growing plants. Under good conditions, its
blades can grow 0.6 meter (2 feet) a day.
Each blade is held up by a gas-filled bladder
at its base. The blades are very flexible and
can survive all but the most violent storms
and waves.
Kelp forests are one of the most biologically diverse ecosystems found in marine
waters, supporting large numbers of marine
plants and animals. These forests help reduce
shore erosion by blunting the force of incoming waves and helping to trap outgoing sand.
People harvest kelp as a renewable resource,
extracting a substance called algin from its
blades. We use this substance in toothpaste,
cosmetics, ice cream, and hundreds of other
products.
Sea urchins and pollution are major
threats to kelp forests. Large populations
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Why Should We Care about Kelp Forests?

Figure 5-A Purple sea urchin in coastal waters of
the U.S. state of California.

of sea urchins (Figure 5-A) can rapidly devastate a kelp forest because they eat the
base of young kelp. Male southern sea otters, a keystone species, help to control
populations of sea urchins. An adult male
southern sea otter (Figure 5-1, top left) can
eat up to 50 sea urchins a day—equivalent
to a 68-kilogram (150-pound) person eating 160 quarter-pound hamburgers a day.
Without southern sea otters, giant kelp for-

pressures that favor traits that increase their ability to
catch prey. Then prey must get better at eluding the
more effective predators.
When populations of two different species interact
in this way over a such long period of time, changes in
the gene pool of one species can lead to changes in the
gene pool of the other species. Such changes can help
both sides to become more competitive or can help to
avoid or reduce competition. Biologists call this process
coevolution.
Consider the species interaction between bats (the
predator) and certain species of moths (the prey). Bats
like to eat moths, and they hunt at night (Figure 5-3)
and use echolocation to navigate and to locate their
prey, emitting pulses of extremely high-frequency and
high-intensity sound. They capture and analyze the
returning echoes and create a sonic “image” of their
prey. (We have copied this natural technology by using
sonar to detect submarines, whales, and schools of fish.)
As a countermeasure to this effective prey-detection
system, certain moth species have evolved ears that are
especially sensitive to the sound frequencies that bats
use to find them. When the moths hear the bat fre-
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est ecosystems would collapse and reduce
aquatic biodiversity.
A second threat to kelp forests is polluted water running off of the land into the
coastal waters where kelp forests grow.
The pollutants in this runoff include pesticides and herbicides, which can kill kelp
plants and other kelp forest species and
upset the food webs in these forests. Another runoff pollutant is fertilizer whose
plant nutrients (mostly nitrates) can cause
excessive growth of algae and other plants.
These growths block some of the sunlight needed to support the growth of
giant kelp, and thus upset these aquatic
ecosystems.
A third looming threat is global warming. Giant kelp forests require fairly cool
water, where the temperature stays between 28–36 °C (50–65 °F). If coastal
waters warm up as projected during this
century, many—perhaps most—of the
world’s giant kelp forests will disappear
and along with them the southern sea otter
and many other species.
Critical Thinking
What are three ways to protect giant kelp
forests and southern sea otters?

quencies, they try to escape by dropping to the ground
or flying evasively.
Some bat species evolved ways to counter this defense by changing the frequency of their sound pulses.
In turn, some moths have evolved their own highfrequency clicks to jam the bats’ echolocation systems.
Some bat species then adapted by turning off their
echolocation systems and using the moths’ clicks to locate their prey.
Coevolution is like an arms race between interacting populations of different species. Sometimes the
predators surge ahead; at other times the prey get the
upper hand. Coevolution is one of nature’s ways of
maintaining long-term sustainability through population control (see back cover and Concept 1-6,
p. 23), and it can promote biodiversity by increasing species diversity.
However, we should not think of coevolution as
a process with which species can design strategies to
increase their survival chances. Instead, it is a prime
example of populations responding to changes in environmental conditions as part of the process of evolution by natural selection. And, unlike a human arms
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race, each step in this process takes hundreds to thousands of years.

Figure 5-3 Coevolution. A Langohrfledermaus bat hunting a moth. Long-term
interactions between bats and their prey such as moths and butterflies can lead to
coevolution, as the bats evolve traits that increase their chances of getting a meal and
the moths evolve traits that help them avoid being eaten.

vades red blood cells, which are destroyed every few
days when they are swept into the spleen. However,
through coevolution, the malaria parasite developed
an adaptation that keeps it from being swept into the
spleen. The parasite produces a sticky protein nodule
that attaches the cell it has infected to the wall of a
blood vessel.
However, the body’s immune system detects the
foreign protein on the blood vessel wall and sends antibodies to attack it. Through coevolution, the malaria
parasite has in turn developed a defense against this attack. It produces thousands of different versions of the
sticky protein that keep it attached to the blood vessel wall. By the time the immune system recognizes
and attacks one type of the protein, the parasite has
switched to another type.
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Parasitism occurs when one species (the parasite )
feeds on the body of, or the energy used by, another
organism (the host ), usually by living on or in the host.
In this relationship, the parasite benefits and the host is
harmed but not immediately killed.
Unlike the typical predator, a parasite usually is
much smaller than its host and rarely kills its host.
Also, most parasites remain closely associated with
their hosts, draw nourishment from them, and may
gradually weaken them over time.
Some parasites, such as tapeworms and some
disease-causing microorganisms (pathogens), live inside
their hosts. Other parasites attach themselves to the
outsides of their hosts. Examples of the latter include
mosquitoes, mistletoe plants (Figure 5-4, left), and sea
lampreys, which use their sucker-like mouths to attach
themselves to fish and feed on their blood (Figure 5-4,
right). Some parasites move from one host to another,
as fleas and ticks do; others, such as tapeworms, spend
their adult lives with a single host.
Some parasites have little contact with their hosts.
For example, North American cowbirds take over the
nests of other birds by laying their eggs in them and
then letting the host birds raise their young.
From the host’s point of view, parasites are harmful. But at the population level, parasites can promote
biodiversity by increasing species richness, and they
help to keep their hosts’ populations in check.
Like predator–prey interactions, parasite–host interactions can lead to coevolutionary change. For example, malaria is caused by a parasite spread by the
bites of a certain mosquito species. The parasite in-
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Some Species Feed off Other Species
by Living on or in Them

Figure 5-4 Parasitism: (a) Healthy tree on the left
and an unhealthy one on the right, which is infested
with parasitic mistletoe. (b) Blood-sucking parasitic
sea lampreys attached to an adult lake trout from the
Great Lakes (USA).

CONCEPT 5-1
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Figure 5-5 Examples of mutualism. (a) Oxpeckers (or
tickbirds) feed on parasitic ticks that infest large, thickskinned animals such as the endangered black rhinoceros. (b) A clownfish gains protection and food by living
among deadly stinging sea anemones and helps protect
the anemones from some of their predators. (Oxpeckers and black rhinoceros: Joe McDonald/Tom Stack &
Associates; clownfish an sea anemone: Fred Bavendam/
Peter Arnold, Inc.)

(a) Oxpeckers and black rhinoceros

In Some Interactions, Both
Species Benefit

left from the anemones’ meals. The sea anemones benefit because the clownfish protect them from some of
their predators.
In gut inhabitant mutualism, vast armies of bacteria
in the digestive systems of animals help to break down
(digest) their hosts’ food. In turn, the bacteria receive
a sheltered habitat and food from their host. Hundreds
of millions of bacteria in your gut secrete enzymes that
help digest the food you eat. Cows and termites are
able to digest the cellulose in plant tissues they eat because of the large number of microorganisms, mostly
bacteria, that live in their guts.
It is tempting to think of mutualism as an example
of cooperation between species. In reality, each species
benefits by unintentionally exploiting the other as a result of traits they obtained through natural selection.

In mutualism, two species behave in ways that benefit both by providing each with food, shelter, or some
other resource. For example, honeybees, caterpillars,
butterflies, and other insects feed on a male flower’s
nectar, picking up pollen in the process, and then pollinating female flowers when they feed on them.
Figure 5-5 shows two examples of mutualistic relationships that combine nutrition and protection. One
involves birds that ride on the backs of large animals
like African buffalo, elephants, and rhinoceroses (Figure 5-5a). The birds remove and eat parasites and pests
(such as ticks and flies) from the animal’s body and
often make noises warning the larger animals when
predators approach.
A second example involves the clownfish species
(Figure 5-5b), which live within sea anemones, whose
tentacles sting and paralyze most fish that touch them.
The clownfish, which are not harmed by the tentacles,
gain protection from predators and feed on the detritus
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In Some Interactions, One Species
Benefits and the Other Is Not
Harmed

Luiz C. Marigo/Peter Arnold, Inc.

Figure 5-6 In an example
of commensalism, this bromeliad—an epiphyte, or
air plant, in Brazil’s Atlantic
tropical rain forest—roots
on the trunk of a tree,
rather than in soil, without
penetrating or harming
the tree. In this interaction,
the epiphyte gains access
to water, other nutrient
debris, and sunlight; the
tree apparently remains
unharmed.

(b) Clownfish and sea anemone

Commensalism is an interaction that benefits one
species but has little, if any, effect on the other. For example, in tropical forests certain kinds of silverfish insects move along with columns of army ants to share the
food obtained by the ants in their raids. The army ants
receive no apparent harm or benefit from the silverfish.
Another example involves plants called epiphytes
(such as certain types of orchids and bromeliads), which
attach themselves to the trunks or branches of large
trees in tropical and subtropical forests (Figure 5-6).
These air plants benefit by having a solid base on which
to grow. They also live in an elevated spot that gives
them better access to sunlight, water from the humid
air and rain, and nutrients falling from the tree’s upper
leaves and limbs. Their presence apparently does not
harm the tree.
Review the way in which species can interact
and see the results of an experiment on species interaction at
CengageNOW™.
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