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The Evolution of 
Populations

Big idea The genetic composition of populations 

evolves through natural selection as species adapt to 

changes in their environment.
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r e a d i N g  T o o L B o x  This reading tool can help you learn the material in the following pages.

USiNg LaNgUage
general Statements  A general statement often 
summarizes the features of a group or describes an 
average or typical feature of members of the group. But if 
many features are summarized, some individual members 
in the group probably do not share all of those features. 
And if an average feature is described, some members of 
the group will not match the average. So, general state-
ments may be true most of the time, but not always.

yOUr TUrN
Use what you know about general statements to  
complete the following tasks.
1. Write a general statement about apples, bananas, 

tomatoes, and peanuts.
2. List exceptions to the statement “Humans are bigger 

than monkeys.”

How does a population of 
penguins evolve?

Every year, king penguins return to breed in the same colony in 
which they were born. These colonies help penguins to guard, 
protect, and defend their young. By ensuring the success of their 
young, penguins pass on their genes to future generations. Variation  
in these genes is the basis for the evolution of populations.

Q
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That’smazing!A

Genetic Variation Within Populations

VOCABULARY

gene pool
allele frequency

KeY COnCePt A population shares a common gene pool.

MAIn IDeAS
 Genetic variation in a population increases the chance that some individuals 

will survive.
 Genetic variation comes from several sources.

Connect to Your World 
You may think that if you’ve seen one penguin, you’ve seen them all. However, 
penguins can differ in body size, feather patterns, and many other traits. Just like 
humans, penguins are genetically different from one another. What causes genetic 
variation in populations of organisms? And what methods do biologists use to 
measure this variation?

 MAIn IDeA  7C, 7E, 7F

Genetic variation in a population increases the 
chance that some individuals will survive.

Body size and feather patterns in penguins are each examples of phenotypes. 
A phenotype is a trait produced by one or more genes. In a population, there 
may be a wide range of phenotypes. For example, some penguins may be short 
and rounded. Others could be tall and slim.
 Natural selection acts on different phenotypes in a population. The expres-
sion of different phenotypes, however, depends on genetic variation in a 
population. A population with a lot of genetic variation likely has a wide range 
of phenotypes. The greater the variation in phenotypes, the more likely it is 
that some individuals can survive in a changing environment. For example, in 
an unusually cold winter, short, rounded penguins might be better able to stay 
warm than tall, slim penguins. But if there is a shortage of food, tall, slim 
penguins might be better divers, allowing them to catch more fish.
 Genetic variation is stored in a population’s gene pool—the combined 
alleles of all of the individuals in a population. Different combinations of 
alleles in a gene pool can be formed when organisms mate and have offspring. 
Each allele exists at a certain rate, or frequency. An allele frequency is a 
measure of how common a certain allele is in the population. As shown in 
Figure 1.1, you can calculate allele frequencies. First, count the number of times 
an allele occurs in a gene pool. Then, divide by the total number of alleles for 
that gene in the gene pool.

Analyze What is the relationship between allele frequencies and a gene pool?

R e A D I n G  T O O L B Ox

tAKInG nOteS
Use mind maps to show 
relationships among related 
terms and concepts.

gene pool

sources

Video Inquiry
HMDScience.com

GO ONLINE

Shark Trails

7C, 7E, 7F

 7C analyze and evaluate 
how natural selection produces 
change in populations, not 
individuals; 7E analyze and evaluate 
the relationship of natural selection 
to adaptation and to the 
development of diversity in and 
among species; 7F analyze and 
evaluate the effects of other 
evolutionary mechanisms, including 
genetic drift, gene flow, mutation, 
and recombination

genetic variation
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Self-check Online
HMDScience.com

GO ONLINE

ReVIeWInG  MAIn IDeAS

1. Why does genetic variation increase 
the chance that some individuals in  
a population will survive? 7E

2. Describe two main sources of  
genetic variation. 7F

CRItICAL thInKInG

3. Analyze In what way is a gene pool 
representative of a population?

4. Apply If a certain trait’s 
allele frequency is 100%, describe the 
genetic variation for that trait in the 
population.

Formative Assessment
COnneCt tO

GenetICS
5. How does crossing over 

during meiosis provide a 
source of genetic variation? 
Draw a diagram to show  
this process. 7F

 MAIn IDeA  7C, 7E, 7F

Genetic variation comes from several sources.
Genetic variation comes from two main sources: mutation and recombination.
• Mutation A mutation is a random change in the DNA of a gene. This 

change can form a new allele. Mutations in reproductive cells can be  
passed on to offspring. This increases the genetic variation in the gene 
pool. Because there are many genes in each individual and many individu-
als in a population, new mutations form frequently in gene pools.

• Recombination New allele combinations form in offspring through a 
process called recombination. Most recombination occurs during  
meiosis—the type of cell division needed for sexual reproduction. When 
gametes are made, each parent’s alleles are arranged in new ways. This 
shuffling of alleles results in many different genetic combinations.

 Some biologists are studying hybridization as another source of genetic 
variation. Hybridization is the crossing of two different species that share 
common genes. Research suggests that this process occurs within many 
groups of animals, including birds and mammals, when similar species live in 
the same area and individuals cannot easily find mates of their own species.

Infer Why aren’t mutations in nonreproductive cells sources of genetic variation? 
7F

An allele frequency is the ratio of one allele to the total 
number of the alleles for that gene in the gene pool.

Predict If brown skin color became advantageous, what would likely 
happen to the frequencies of alleles G and g in this gene pool?

Figure 1.1 Allele Frequency

CALCULAtInG ALLeLe FReqUenCIeS

G codes for green g codes for brown
7 Gs in gene pool 5 gs in gene pool

12 total alleles for skin color trait in gene pool

Frequency of allele G =   7 
 __ 12   = 0.583 ≈ 58.3%

Frequency of allele g =   5
 __ 12   = 0.417 ≈ 41.7%

COnneCt tO

GenetICS
As you learned in the chapter 
From DNA to Proteins, 
mutations on noncoding regions 
of DNA do not affect 
phenotypes. Only mutations on 
coding regions of DNA can affect 
an organism’s phenotype.

Gg gg

gg

GG
GG

GG
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Natural Selection in Populations

VOCABULARY

normal distribution
microevolution
directional selection
stabilizing selection
disruptive selection

KeY CONCePt Populations, not individuals, evolve.

MAIN IDeAS
 Natural selection acts on distributions of traits.
 Natural selection can change the distribution of a trait in one of three ways.

Connect to Your World 
How do you describe a person’s appearance? Perhaps you use height, hair color, and 
eye color. These traits are often used in descriptions because these traits vary widely 
among humans. In this section, you will learn about the way natural selection can act 
on such variation.

 MAIN IDeA 7D

Natural selection acts on distributions of traits.
Any time you stand in a large crowd of people, you are likely to observe a wide 
range of heights. Imagine organizing this crowd across a football field accord-
ing to each individual’s height, with very short people at one end, people of 
average height in the middle, and very tall people at the other end. You would 
soon notice a pattern in distribution of the human height trait. Relatively few 
people would be at each extreme height, very short or very tall. A majority of 
people of medium height would be in the middle.
 This type of distribution, in which the frequency is highest near the  
mean value and decreases toward each extreme end of the range, is called a 
normal distribution. When these frequency values are graphed, the result is a 
bell-shaped curve like the one you see in Figure 2.1.

 For some traits, all phenotypes provide an equal chance of 
survival. The distribution for these traits generally shows a normal 
distribution. Phenotypes near the middle of the range tend to be 
most common, while the extremes are less common. However, 
environmental conditions can change, and a certain phenotype  
may become an advantage. Natural selection favors individuals with 
this phenotype. These individuals are able to survive and reproduce  
at higher rates than individuals with less favorable phenotypes. 
Therefore, alleles associated with favorable phenotypes increase  
in frequency through differential reproductive success.

Synthesize What other types of data might follow a normal 
distribution?

CONNeCt tO

GeNetICS
As you learned in the chapter 
Extending Mendelian Genetics, 
single-gene traits are expressed in 
either one distinct form or 
another. However, the range of 
phenotypes common for most 
traits is the result of polygenic 
traits, which are controlled by 
multiple genes.

Figure 2.1 NORMAL DIStRIBUtION

7c, 7D, 7E

 7c analyze and evaluate how 
natural selection produces change in 
populations, not individuals; 7D analyze 
and evaluate how the elements of 
natural selection, including inherited 
variation, the potential of a population 
to produce more offspring than can 
survive, and a finite supply of 
environmental resources, result in 
differential reproductive success;  
7E analyze and evaluate the relationship 
of natural selection to adaptation and to 
the development of diversity in and 
among species;
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mean

Range of variable
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 MAIN IDeA 7c, 7D, 7E

Natural selection can change the distribution of 
a trait in one of three ways.

Microevolution is the observable change in the allele frequencies of a popula-
tion over time. Microevolution occurs on a small scale—within a single 
population. One process that can lead to microevolution is natural selection. 
Natural selection can change the distribution of a trait along one of three 
paths: directional, stabilizing, or disruptive selection. Such changes can have 
major effects on how a population looks and behaves.

Directional Selection
A type of selection that favors phenotypes at one extreme of a trait’s range  
is called directional selection. Directional selection causes a shift in a popula-
tion’s phenotypic distribution. An extreme phenotype that was once rare in  
a population becomes more common. As shown in Figure 2.2, during direc-
tional selection, the mean value of a trait shifts in the direction of the more 
advantageous phenotype.
 The rise of drug-resistant bacteria provides a classic example of this type 
of selection. Before antibiotics were developed in the 1940s, a trait for varying 
levels of drug resistance existed among bacteria. At the time, there was no 
advantage to having drug resistance. But once antibiotics came into use, the 
resistant bacteria had a great advantage.
 The early success of antibiotics in controlling infectious diseases led to 
overuse of these drugs. This overuse favored even more resistant phenotypes. 
New drugs were then developed to fight the resistant bacteria. This resulted in 
the evolution of “superbugs” that are highly resistant to many drugs. Today, 
over 200 types of bacteria show some degree of antibiotic resistance.

Low drug resistance

Fr
eq

ue
nc

y

mean mean

High drug resistance

Antibiotic drugs put 
pressure on bacteria 
populations.

Original distribution

Distribution after 
directional selection

Today, scientists continue  
to research new drugs devel-
oped to treat infection-causing 
bacteria such as Enterococcus 
faecalis, which is resistant to 
many antibiotics.

Figure 2.2 Directional Selection
Directional selection occurs when one extreme phenotype is favored  
by natural selection.

CONNeCt tO

BACteRIA
Although many bacteria are 
helpful to other organisms, some 
do cause disease. You will learn 
more about how bacteria can 
evolve and become resistant  
to antibiotics in the chapter 
Viruses and Prokaryotes.
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Stabilizing Selection
The gall fly and its predators provide an excellent example of stabilizing 
selection. During stabilizing selection, the intermediate phenotype is favored 
and becomes more common in the population. That is, the distribution 
becomes stable at the intermediate phenotype rather than shifting toward one 
of the extremes. In the case of gall flies, something in nature selects against 
phenotypes at both extremes of the trait’s range.
 Gall flies lay their eggs in developing shoots of the tall goldenrod plant. 
The fly larvae produce a chemical that causes the plant tissue to swell around 
them. Figure 2.3 shows the resulting mass of plant tissue, called a gall. The gall 
serves as a home where the larvae can develop. There is a range of phenotypes 
for body size in gall-fly larvae. Each body size causes a certain size gall to 
form, and each of the two main predators of gall flies specializes on a specific 
gall size.
• Downy woodpeckers attack larger galls and feed on the larvae inside.
• The parasitic wasp lays its own eggs inside small galls. After the wasp 

larvae emerge from the eggs, they eat the gall-fly larvae.

 In this situation, selective pressure from predators works against fly  
phenotypes that produce galls at both extremes, large and small. As a result, 
flies that produce middle-sized galls become more common. As you can see in 
Figure 2.4, over time, stabilizing selection results in a higher frequency of flies 
that produce middle-sized galls.

 Stabilizing selection increases the number of individuals with intermediate 
phenotypes. Notice, however, that selection against both extremes decreases 
the genetic diversity of the gall-fly population. Flies that produce small and 
large galls become less common. In some populations, these  
extreme phenotypes may be lost altogether.

gall

Figure 2.3 The gall fly and 
the goldenrod plant have a 
parasitic relationship. The fly 
benefits by receiving shelter  
and food during its larval stage, 
while the goldenrod is harmed, 
growing more slowly than a  
gall-free goldenrod.

Figure 2.4 Stabilizing Selection

Stabilizing selection occurs when intermediate phenotypes are favored  
by natural selection.

mean

Large gall sizeSmall gall size

Woodpeckers and wasps 
put pressure on gall-fly 
populations.

Original distribution

Distribution after  
stabilizing selection Fr

eq
ue

nc
y

wasp woodpecker
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Self-check Online
HMDScience.com

GO ONLINE

ReVIeWING  MAIN IDeAS

1. In terms of phenotypes, describe 
what is meant by the phrase  
“distribution of traits.”

2. What are the three ways in which 
natural selection can change a 
distribution of traits? 7c, 7E

CRItICAL thINKING

3. Analyze How might the extinction 
of downy woodpeckers affect  
the phenotypic distribution within a 
population of gall flies? 7c

4. Analyze How might overfishing 
of large pink salmon select for smaller 
body size in subsequent generations? 

7c

Formative Assessment CONNeCt tO

GeNetICS
5. For polygenic traits, a smooth 

curve results when the range 
of phenotypes is plotted 
against frequency. If you 
were to plot the frequencies 
of two phenotypes of a 
single-gene trait, you would 
end up with a double bar 
graph. Explain why.

Disruptive Selection 
Disruptive selection occurs when both extreme 
phenotypes are favored, while individuals with 
intermediate phenotypes are selected against  
by something in nature. As you can see in 
Figure 2.5, the middle of the distribution is 
disrupted. One example of this type of selection 
involves feather color in male lazuli buntings, a 
bird species native to North America.
 Young male lazuli buntings vary widely in the 
brightness of their feathers, ranging from dull 
brown to bright blue. Dominant adult males are 
those with the brightest blue feathers on their 
heads and backs. These birds have their pick of 
the best territories. They also are most successful 
at attracting females. However, for young bun-
tings, the brightest blue and dullest brown males 
are more likely to win mates than males with 
bluish brown feathers.
 Research suggests that dominant adult males 
are aggressive toward young buntings that they 
see as a threat, including bright blue and bluish 
brown males. The dullest brown birds can there-
fore win a mate because the adult males leave 
them alone. Meanwhile, the bright blue birds 
attract mates simply because of their color.
 Both extreme phenotypes are favored in this situation, while intermediate 
forms are selected against. The bluish brown males are not as well adapted to 
compete for mates because they are too blue to be left alone by adult males, but 
not blue enough to win a mate based on color alone. By favoring both extreme 
phenotypes, disruptive selection can lead to the formation of new species.

Apply If bluish brown coloring became advantageous for young males, what type 
of selection would likely occur in a lazuli bunting population? 7D

Figure 2.5 Disruptive Selection
Disruptive selection occurs when both extreme 
phenotypes are favored by selection.
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Brown Blue

Original distribution

Dominant adult males 
put pressure on young 
males in the bunting 
population.

Distribution after  
disruptive selection

Adult male lazuli bunting
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Evolutionary Arms Race 
See how the bacteria that 
cause tuberculosis have 
evolved resistance to a 
number of antibiotics.

Speciation in Action
 Speciation is an ongoing process, 
still active today. Explore a butterfly 
population and a walking stick  
population that are each diverging  
into new species.

Shark Trails Where are the 
sharks swimming? Explore 
how and why scientists 
track tiger sharks wherever 
the sharks go.

BIOLOGY

New Species Alert!

Video inquiry
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Other Mechanisms of Evolution

VOCABULARY

gene flow
genetic drift
bottleneck effect
founder effect
sexual selection

KEY COnCEpt natural selection is not the only mechanism 
through which populations evolve.

MAIn IDEAS
 Gene flow is the movement of alleles between populations.
 Genetic drift is a change in allele frequencies due to chance.
 Sexual selection occurs when certain traits increase mating success.

Connect to Your World 
Have you ever wondered why many male birds, such as cardinals, are brightly colored 
while females of the same species are dull brown? Such bright coloring may not 
make sense in terms of natural selection, since the male birds are more likely to be 
seen by predators. However, natural selection is not the whole story. There are other 
factors that can lead to the evolution of populations.

 MAIn IDEA 7F

Gene flow is the movement of alleles  
between populations.

Bird-banding studies have shown that certain birds leave their 
nesting areas once they are able to fly. As shown in Figure 3.1, bald 
eagles that were banded as nestlings have been tracked during the 
same summer more than 2500 kilometers away. These eagles have 
possibly joined a new population.
 When an organism joins a new population and reproduces,  
its alleles become part of that population’s gene pool. At the  
same time, these alleles are removed from the gene pool of its  
former population. The movement of alleles from one population 
to another is called gene flow. For many animals, gene flow 
occurs when individuals move between populations. Gene flow 
can occur in fungi and plant populations when spores or seeds are 
spread to new areas.
 Gene flow increases the genetic variation of the receiving 
population. Gene flow between neighboring populations keeps 
their gene pools similar. However, the less gene flow that occurs 
between two populations, the more genetically different the two 
populations can become. A lack of gene flow also increases the 
chance that the two populations will evolve into different species.

Evaluate How does gene flow affect neighboring populations? 
7F

Figure 3.1 This map shows the locations where 
banded bald eagles were found during the first 
summer after hatching.

7D, 7F

 7D analyze and evaluate 
how the elements of natural 
selection, including inherited 
variation, the potential of a 
population to produce more 
offspring than can survive, and a 
finite supply of environmental 
resources, result in differential 
reproductive success and 7F analyze 
and evaluate the effects of other 
evolutionary mechanisms, including 
genetic drift, gene flow, mutation, 
and recombination
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 MAIn IDEA 7F

Genetic drift is a change in allele frequencies due 
to chance.

Imagine a patch of 100 flowers growing in a field. Fifty are white, and fifty are 
purple. If you randomly pick flowers from this patch to create a bouquet, you 
would expect about half white and half purple flowers. The more flowers you 
randomly pick, the more likely you are to get these proportions. However, the 
fewer flowers you pick, the more likely you are to have a bouquet that is not 
representative of the patch. It might even be all one color.
 A similar situation can occur in small populations. Small populations,  
like small sample sizes, are more likely to be affected by chance. Due to chance 
alone, some alleles are likely to decrease in frequency and become eliminated. 
Other alleles are likely to increase in frequency and become fixed. These 
changes in allele frequencies that are due to chance are called genetic drift. 
Genetic drift causes a loss of genetic diversity in a population.
 Two processes commonly cause populations to become small enough for 
genetic drift to occur. Each of these processes results in a population with 
different allele frequencies than existed in the original population.

Bottleneck Effect
The bottleneck effect is genetic drift 
that occurs after an event greatly 
reduces the size of a population. One 
example of the bottleneck effect is the 
overhunting of northern elephant 
seals during the 1800s. By the 1890s, 
the population was reduced to about 
20 individuals. These 20 seals did not 
represent the genetic diversity of the 
original population. Since hunting 
has ended, the population has grown 
to over 100,000 individuals. However, 
it has very little genetic variation. Through genetic drift, certain alleles have 
become fixed, while others have been lost completely from the gene pool.

Founder Effect
As shown in Figure 3.2, the founder effect is genetic drift that occurs after a 
small number of individuals colonize a new area. The gene pools of these 
populations are often very different from those of the larger populations. The 
founder effect can be studied in human populations, such as Old Order Amish 
communities. These communities were founded in North America by small 
numbers of migrants from Europe. For example, the Amish of Lancaster 
County, Pennsylvania, have a high rate of Ellis–van Creveld syndrome.  
Although this form of dwarfism is rare in other human populations, it has 
become common in this Amish population through genetic drift. Geneticists 
have traced this syndrome back to one of the community’s founding couples.

Surviving 
population

Bottleneck 
effect

Initial  
population

The bottleneck effect describes the 
effect of a destructive event that leaves 
only a few survivors in a population.

VISUAL VOCAB

R E A D I n G  T O O L B Ox

VOCABULARY
The word fixed means “not 
subject to change.” If an allele 
increases to a frequency of 1.0 
(100%), it is said to be fixed in  
the population.
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A population’s gene pool contains alleles 
that each exist at a certain frequency.

Effects of Genetic Drift
Genetic drift can cause several problems for populations. One problem is that 
the population loses genetic variation. With little genetic variation, a popula-
tion is less likely to have some individuals that will be able to adapt to a 
changing environment. Another problem is that alleles that are lethal in 
homozygous individuals may be carried by heterozygous individuals and 
become more common in the gene pool due to chance alone.

Apply Why is genetic drift more likely to occur in smaller populations? 7F

Figure 3.2 the Founder Effect
the founder effect can occur if a small  
number of individuals colonize a new area.

A bird carries a few seeds to a 
new location. These seeds 
“found” a new population.

The gene pool for a population of  
flowers has genetic diversity that results 
in red, yellow, and blue phenotypes.

Alleles for yellow flower color 
increase in the new, small popu-
lation through genetic drift.

Q U I C K L A B Mo d e LI n g  7F

Biology
HMDScience.com

GO ONLINE

Founder Effect

Genetic Drift
Use a deck of cards to represent a population of island birds.  
The four suits represent different alleles for tail shape. The  
allele frequencies in the original population are 25% spade,  
25% heart, 25% club, and 25% diamond tail shapes.

pROBLEM How does genetic drift occur?
pROCEDURE
 1. Shuffle the cards, and hold the deck face 

down. Turn over 40 cards to represent the alleles of 20 offspring 
produced by random matings in the initial population.

 2. Separate the 40 cards by suit. Find the allele frequencies for the 
offspring by calculating the percentage of each suit.

 3. Suppose a storm blows a few birds to another island. They are 
isolated on this island and start a new population. Reshuffle the  
deck, and draw 10 cards to represent the alleles of five offspring 
produced in the smaller population.

 4. Repeat Step 2 to calculate the resulting allele frequencies.

AnALYzE AnD COnCLUDE
1. Analyze Compare the original allele frequencies to those calculated 

in Steps 2 and 4. How did they change?
2. Analyze Did Step 1 or 3 demonstrate genetic drift?
3. Evaluate Does this activity demonstrate evolution? Why or why 

not? Does it demonstrate natural selection? Explain.

MAtERIALS
• deck of cards
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Formative Assessment
REVIEWInG  MAIn IDEAS

1. How are neighboring populations 
affected by gene flow? 7F

2. Name two processes through which 
genetic drift can occur. 7F

3. How does sexual selection occur?
7D

CRItICAL tHInKInG

4. Analyze Would a population of 10 
individuals or 100 individuals be more 
vulnerable to genetic drift? Why?

5. Infer What impact can the 
bottleneck effect have on popula-
tions that have rebounded after  
near extinction?

COnnECt tO

GEnEtICS
6. Ellis–van Creveld syndrome is 

a recessive trait. Explain why it 
has become common in the 
Amish of Lancaster County 
but is very rare in other 
human populations. 7F

 MAIn IDEA 7D

Sexual selection occurs when certain traits 
increase mating success.

Mating can have an important effect on the evolution of populations. Both 
sexes benefit from having offspring that survive. However, the cost of repro-
duction often differs for males and females.
• Males produce many sperm continuously, making the value of each 

sperm relatively small. They can make many investments at little cost.
• Females are much more limited in the number of offspring they can 

produce in each reproductive cycle. Therefore, each investment they make 
is more valuable.

 In many species, this difference in reproductive cost makes females  
more choosy than males about mates. Sexual selection occurs when certain 
traits increase reproductive success. There are two types of sexual selection.
• Intrasexual selection involves competition among males, such as the 

head-butting of bighorn sheep. The winner of the competition mates with 
the female.

• Intersexual selection occurs when males display certain traits that attract 
the female, such as peacocks fanning out their tails.

 Traits that increase mating success are not always adaptive for the survival 
of the individual. As shown in Figure 3.3, bright red air sacs likely make male 
frigate birds very easy to spot by predators. How could such an exaggerated 
trait evolve?
 Research has shown that some showy traits may be linked with genes for 
good health and fertility. Other traits are present in males that can offer better 
care for offspring or defense from predators. Therefore, females may use 
showy traits as signs of quality and health in males. These traits, such as the 
red air sacs of male frigate birds, can become very exaggerated over time 
through sexual selection.

Apply Male Irish elks, now extinct, had 12-foot-wide antlers. Describe how sexual 
selection could have caused such an exaggerated trait to evolve. 7D

Figure 3.3 Male frigate birds 
inflate an air sac in their chest to 
attract females. This trait has 
evolved through sexual selection.

R E A D I n G  T O O L B Ox

VOCABULARY
The prefix intra- is Latin for 
“within.” Intrasexual selection 
occurs within one sex.
The prefix inter- is Latin for 
“between.” Intersexual selection 
occurs between both sexes.
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Identifying Patterns
Identifying patterns in data from graphs and charts is essential for  
formulating hypotheses and making predictions.

Model
The data in Graph 1 were collected during an experiment involving widowbirds 
in Kenya. The biologist was trying to determine the relationship between tail 
feather length and reproductive success in males of this species. The average 
number of nesting sites was used to measure reproductive success and was 
recorded for four groups of birds. Tail feathers were artificially shortened in one 
group, two groups were used as control groups, and tail feathers were artificially 
lengthened in the fourth group.

• Look at the bar representing the group with shortened tail 
feathers. Notice that this group averaged less than 0.5 
nesting sites.

• Next, notice that the bars for the two control groups 
show that these groups both averaged less than  
one nesting site.

• Now look at the bar representing lengthened tail 
feathers. Notice that birds in this group averaged almost 
two nesting sites.

• Finally, look for trends and patterns. The data show a 
trend that males with longer tail feathers have greater 
reproductive success: on average, they had more 
nesting sites.

HMDScience.com

GO ONLINE

Genetic Drift

Source: Anderson, Nature 299-5886

graPh 1. taIl feather length and 
reProductIve success

Practice Identify Patterns
The graph at the right shows sexual selection patterns in 
guppies. Three experiments were run to determine if female 
guppies prefer males with specific tail sizes. In each 
experiment, female guppies were given the choice of two 
males to mate with, each having a different tail size: large 
versus small, large versus medium, and medium versus small.

 1. analyze What tail sizes were compared in each 
experiment?

 2. analyze What is the relationship between tail 
size in male guppies and female preference  
for mates?

 3. Infer Why might the difference in preference be 
larger in Experiment 1 than in Experiment 2?

Source: Bischoff et al.,  
Behavioral Ecology and Sociobiology 17:3
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Hardy-Weinberg Equilibrium

VOCABULARY

Hardy-Weinberg equilibrium

KEY COnCEpt Hardy-Weinberg equilibrium provides a framework 
for understanding how populations evolve.

MAIn IDEAS
 Hardy-Weinberg equilibrium describes populations that are not evolving.
 The Hardy-Weinberg equation is used to predict genotype frequencies in a population.
 There are five factors that can lead to evolution.

Connect to Your World 
Have you ever heard people talk about “the good old days”? Maybe they’re remem-
bering a time when music and clothes were different from today. Long-term trends 
in society’s music and fashion tastes are difficult to anticipate. In some ways, changes 
in genetics are a bit more predictable. Scientists can use models and equations to 
learn more about how populations change over time.

 MAIn IDEA 7c

Hardy-Weinberg equilibrium describes 
populations that are not evolving.

Biologists often compare their data to a model to study how a population is 
changing. One important model is based on the research of a British mathe
matician named Godfrey Hardy and a German physician named Wilhelm 
Weinberg. In 1908, Hardy and Weinberg showed that genotype frequencies  
in a population stay the same over time as long as certain conditions are  
met. They also showed that these frequencies can be predicted. Hardy and 
Weinberg identified five conditions needed for a population to stay in equilib
rium. Populations that meet these conditions are not evolving. They are said 
to be in Hardy-Weinberg equilibrium.

•	 Very	large	population	 No genetic drift can occur.
•	 No	emigration	or	immigration	 No gene flow can occur.
•	 No	mutations	 No new alleles can be added to the gene pool.
•	 Random	mating	 No sexual selection can occur.
•	 No	natural	selection	 All traits must equally aid in survival.

 Real populations rarely meet all five conditions. However, HardyWeinberg 
equilibrium is still a very important concept. Biologists can compare real data 
to data predicted by the model. Then they can learn more about the way the 
population is evolving. The model also gives a framework for testing the 
factors that can lead to evolution.

Summarize How are models used by population biologists?

COnnECt tO

GEnEtICS
The Hardy-Weinberg model and 
its equation are based on 
Mendelian genetics, which you 
learned about in the chapter 
Meiosis	and	Mendel.	As you will 
soon see, the equation is derived 
from a simple Punnett square in 
which p is the frequency of the 
dominant allele, and q is the 
frequency of the recessive allele.

p

p

q

q

p2

pq

pq

q2

7c, 7D, 7F

 7c analyze and evaluate 
how natural selection produces 
change in populations, not 
individuals; 7D analyze and evaluate 
how the elements of natural 
selection, including inherited 
variation, the potential of a 
population to produce more 
offspring than can survive, and a 
finite supply of environmental 
resources, result in differential 
reproductive success; 7F analyze 
and evaluate the effects of other 
evolutionary mechanisms, including 
genetic drift, gene flow, mutation, 
and recombination
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1

2

3

4

Find q2, the frequency of smooth-finned fish
(recessive homozygotes).

	 q2	=			360	smooth-finned	fish		_______________		1000	fish	in	population			=	0.36

Use the equation p + q = 1 to find the predicted 
value of p. Rearrange the equation to solve for p.

	 p	=	1	–	q

	 p	=	1	–	0.6	=	0.4

Calculate the predicted genotype frequencies  
from the predicted allele frequencies.

	 p2	=	0.42	=	0.16

	 2pq	=	2	×	(0.4)	×	(0.6)	=	0.48

	 q2	=	0.62	=	0.36

These are the predicted allele frequencies:	
p	=	0.4	and	q	=	0.6.

		16%	of	fish	have	forked	fins	(TT)

		48%	of	fish	have	forked	fins	(Tt)

		36%	of	fish	have	smooth	fins	(tt)

To find the predicted value of q, take the square root of q2.

	 q	=					0.36	=	0.6

 MAIn IDEA 7c

the Hardy-Weinberg equation is used to predict 
genotype frequencies in a population.

For traits in simple dominantrecessive systems, biologists can predict geno
type frequencies by using the HardyWeinberg equation, as seen in Figure 4.1. 
Values predicted by the equation are those that would be present if the 
population were in equilibrium. If p equals the frequency of the dominant 
allele, and q equals the frequency of the recessive allele, the equation can be 
written as follows:

p2 + 2pq + q2 = 1

 Population biologists compare predicted genotype frequencies with  
actual frequencies. If they are the same, the population is in HardyWeinberg 
equilibrium for that trait. If the genetic data do not match the equation,  
the population is not in equilibrium; it is evolving.

tt

TT or Tt

Figure 4.1 Using the Hardy-Weinberg Equation

Use the Hardy-Weinberg equation to calculate predicted genotype  
frequencies for this population.
In a population of 1000 fish, 640 have forked tail fins and 360 have smooth tail 
fins. Tail fin shape is determined by two alleles: T is dominant for forked, and t is 
recessive for smooth.

Analyze through genetic analysis, scientists have found the genotype frequencies of 
the same fish population to be TT = 0.50, Tt = 0.14, and tt = 0.36. What can you infer by 
comparing these data with the values predicted by the Hardy-Weinberg equation?

VARIABLES

	 p	=		frequency	of	allele	T 
(dominant allele)

	 q	=  frequency	of	allele	t	
(recessive allele)

	 p2	=  frequency	of	fish	with	TT	
(homozygous	dominant genotype) 

	2pq	=			frequency	of	fish	with	Tt	
(heterozygous genotype) 

	 q2	=		frequency	of	fish	with	tt	
(homozygous	recessive genotype)
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InItIAL pOpULAtIOn

Here are the alleles associated with body  
color in a hypothetical population.

SExUAL SELECtIOn

GEnEtIC DRIft

GEnE fLOW MUtAtIOn

nAtURAL SELECtIOn

CRItICAL 
VIEWInG

there are five factors that can lead to evolution at the 
population level.

Figure 4.2 factors that Can Lead to Evolution

Describe a scenario in which more than one factor could influence this population 
at the same time. 7F

White alleles are associated with white body 
color, which allows individuals to blend in with 
their environment and avoid predation. White 
alleles, therefore, increase in frequency.

Blue alleles are associated with blue body 
color, which improves mating success. Blue 
alleles, therefore, increase in frequency.

new	allele

leaving

arriving

Green alleles increase in frequency because 
of immigration; orange alleles decrease in 
frequency because of emigration.

A new allele, associated with red body color,  
is formed through mutation. This could affect 
sexual selection if red body color improves 
mating success. It could affect natural selection 
if red body color increases the chance  
for survival.

After a bottleneck event, only orange and  
blue alleles remained in the small population. 
Through genetic drift, orange alleles increase  
in frequency.

Biology
HMDScience.com

GO ONLINE

Mechanisms of Evolution
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REVIEWInG  MAIn IDEAS

1. What conditions are necessary  
for populations to remain in 
Hardy-Weinberg equilibrium?

2. What can be predicted by using the 
Hardy-Weinberg equation?

3. What are the five factors that can 
lead to evolution? 7F

CRItICAL tHInKInG

4. Analyze Why is phenotypic variation 
necessary for natural selection and 
sexual selection? 7D

5. Evaluate Based on what you read in 
Section 3, is it likely that a popu- 
lation of peacocks would be in  
Hardy-Weinberg equilibrium?  
Why or why not? 7c

formative Assessment
COnnECt tO

GEnEtICS
6. How are the concepts of 

dominant, recessive, 
 heterozygous, and homozy-
gous related to the Hardy-
Weinberg equation?

 MAIn IDEA 7c, 7D, 7F

there are five factors that can lead to evolution.
The conditions needed for HardyWeinberg equilibrium are not common in 
nature. Some parts of a population’s environment may stay the same over time. 
However, other things are likely to change. Perhaps a flood carries part of a 
population to a new place. This population may then go through genetic drift. 
A mutation may create a new allele that allows some individuals to run faster 
and get away from predators. The frequency of this allele may then increase in 
the gene pool as it is passed on to future generations.
 In nature, populations evolve, or change, in response to their environ
ments. Populations that are not in HardyWeinberg equilibrium are evolving. 
In their studies, Hardy and Weinberg concluded that evolution should be 
expected in all populations almost all of the time. Their model shows that 
there are five factors that can lead to evolution. These factors are illustrated in 
Figure 4.2.

•	 Genetic	drift Allele frequencies can change due to chance alone.
•	 Gene	flow The movement of alleles from one population to another 

changes the allele frequencies in each population.
•	 Mutation New alleles can form through mutation. Mutations create the 

genetic variation needed for evolution.
•	 Sexual	selection Certain traits may improve mating success. Alleles for 

these traits increase in frequency.
•	 Natural	selection Certain traits may be an advantage for survival. Alleles 

for these traits increase in frequency.

 Evolution is continuous. Environments are always changing, though often 
very slowly relative to a human’s lifetime. Evolution is a response to these 
changes. As environments change, populations either adapt or go extinct. 
When a population becomes extinct, a different species can take its place,  
and the cycle continues.

Infer Why do real populations rarely reach Hardy-Weinberg equilibrium?
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Speciation Through Isolation

VOCABULARY

reproductive isolation
speciation
behavioral isolation
geographic isolation
temporal isolation

KeY COnCepT new species can arise when populations 
are isolated.

MAIn IDeAS
 The isolation of populations can lead to speciation.
 Populations can become isolated in several ways.

Connect to Your World 
If you travel through two different cities, towns, or even neighborhoods, you’ll notice 
differences in the way people live. When groups of people are separated, ideas and 
resources are not shared, and so these groups of people may become more different. 
Similarly, genes cannot flow between populations that are isolated from each other, 
and they are more likely to become different. What happens if no gene flow occurs 
between two populations? This is one way that new species can arise.

 MAIn IDeA 7e, 7F

The isolation of populations can lead  
to speciation.

If gene flow between two populations stops for any reason, the populations 
are said to be isolated. As these populations adapt to their environments, their 
gene pools may change. Random processes such as mutation and genetic drift 
can also change gene pools. All of these changes add up over many genera-
tions. With time, the two isolated populations become more and more geneti-
cally different. Individuals in one population may also begin to look and 
behave differently from individuals in the other population.
 Reproductive isolation occurs when members of different populations 
can no longer mate successfully. Sometimes members of the two populations 
are not physically able to mate with each other. In other cases, they cannot 
produce offspring that survive and reproduce. Reproductive isolation between 
populations is the final step of becoming separate species. The rise of two or 
more species from one existing species is called speciation.

 Figure 5.1 illustrates a recent experiment that shows how one mutation can 
result in reproductive isolation. Scientists studied the ds2 gene of fruit flies. 
This gene affects how well fruit flies can deal with cold temperatures. Fruit 
flies living in tropical areas, where competition for food is high, have a tropical 
allele. Fruit flies living in cooler regions, where there is less competition for 
food, have a temperate allele. The ds2 gene also affects chemical scents called 
pheromones. Fruit flies use these scents to attract mates of their own species.

COnneCT TO

GeneTICS
Fruit flies (Drosophila 
melanogaster) are very common 
in genetic research, as you may 
recall from the Genetics unit. 
Their popularity is based on 
several factors: they are easy to 
obtain, they reproduce easily and 
quickly, and they have well-
understood genetic structures.

7e, 7F

 7e analyze and evaluate the 
relationship of natural selection to 
adaptation and to the development 
of diversity in and among species 
and 7F analyze and evaluate the 
effects of other evolutionary 
mechanisms, including genetic drift, 
gene flow, mutation, and 
recombination
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 This experiment shows how speciation may have occurred in natural 
fruit fly populations. Fruit flies migrating north from Africa to areas where 
there is less competition for food faced colder temperatures. A mutation in 
the ds2 gene may have produced the temperate allele. This allele allows fruit 
flies to survive in cooler climates. Because the ds2 gene also affects phero-
mones, mating behaviors changed. Fruit flies with the temperate allele and 
fruit flies with the tropical allele mated together less and less often.  Eventually, 
these populations became reproductively isolated.

Summarize Why is reproductive isolation considered to be the final stage 
in speciation?

 MAIn IDeA 7e

populations can become isolated in several ways.
Several kinds of barriers can prevent mating between populations, leading 
to reproductive isolation. These include behavioral, geographic, and  
temporal barriers.

Behavioral Barriers
Chemical scents, courtship dances of birds, and courtship songs of frogs are 
examples of sexual signals used to attract mates. Changes in these signals can 
prevent  mating between populations. Behavioral isolation is isolation caused 
by differences in courtship or mating behaviors. Over 2000 species of fireflies 
are isolated in this way. Male and female fireflies produce patterns of flashes 
that attract mates of their own species. For example, Photuris frontalis emits 
one flash every second, P. hebes emits one flash every 2 seconds, and P. fairch-
ildi produces a double flash every 5.5 seconds.

Figure 5.1 Reproductive Isolation

1    Scientists used lab fruit flies that are genetically similar. 
They developed a technique that allowed them to 
replace the ds2 gene in each lab fruit fly with either the 
tropical or temperate allele.

2    Laboratory males that received the tropical allele were 
attracted to females that received the tropical allele. 
Males that received the temperate allele were attracted 
to females that received the temperate allele.

ds2ds2

Synthesize explain why fruit flies with a specific ds2 allele 
prefer to mate with fruit flies that have the same allele.

Tropical fruit flies have a  
tropical ds2 allele.

Temperate fruit flies have a  
temperate ds2 allele.

Reproductive isolation occurs when members of  
isolated populations are no longer able to mate  
with each other successfully.

HMDScience.com

GO ONLINE

Speciation in Action

ds2

ds2

ds2

ds2

ds2

ds2

ds2

ds2
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ds2 ds2

ds2ds2
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Figure 5.2 GeOGRAphIC BARRIeR
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Formative Assessment
ReVIeWInG  MAIn IDeAS

1. How can reproductive isolation lead 
to speciation? 7e

2. What are three types of barriers that 
can lead to reproductive isolation?

CRITICAL ThInKInG

3. Apply Why are the flash patterns 
of fireflies considered to be 
behavioral isolation? 7e, 7F

4. Analyze How did geographic 
isolation affect the diversity Darwin 
observed in Galápagos finches? 

7e, 7F

COnneCT TO

SCIenTIFIC pROCeSS
5. What could have been used 

as a control group in the fruit 
fly experiment described in 
Figure 5.1?

Geographic Barriers
The most commonly studied type of isolation  
is geographic isolation. Geographic isolation 
involves physical barriers that divide a population 
into two or more groups. These barriers can 
include rivers, mountains, and dried lakebeds.  
As shown in Figure 5.2, the formation of the 
Isthmus of Panama created a barrier for many 
marine species. Marine organisms could no 
longer easily cross between the Atlantic and 
Pacific Oceans. Over time, the isolated popula-
tions became genetically different. Several species 
of snapping shrimp have evolved through 
geographic isolation. These species appear  
almost identical to one another. However, when 
males and females from opposite sides of the 
isthmus are placed together, they snap at each 
other instead of courting. Because they will no 
longer mate, these shrimp are classified as  
different species.

Temporal Barriers
Barriers can also involve timing. Temporal isolation exists when timing 
prevents reproduction between populations. Some members of a population 
may show signs of courtship at different times if there is a lot of competition 
for mates. Reproductive periods may change to a different time of the year or a 
different part of the day. These differences in timing can lead to speciation. 
For example, two tree species that grow on the Monterey Peninsula in 
California are very closely related. However, they have different pollination 
periods. The Monterey pine sheds its pollen in February, while the Bishop 
pine sheds its pollen in April. These pine species have likely evolved through 
temporal isolation.

Compare and Contrast What are the differences and similarities between 
behavioral isolation and temporal isolation?

Although snapping shrimp in the Atlantic  
and Pacific Oceans look similar, they are  
distinct species that have evolved through  
geographic isolation.

R e A D I n G  T O O L B Ox

VOCABULARY
The word temporal comes 
from the Latin word tempus, 
meaning “time.”

Self-check Online
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Figure 6.1 patterns in natural selection

In this hypothetical population, green body color is favored by natural 
selection. With each generation, alleles associated with green body  
color increase in frequency. Over time, more and more individuals in  
the population will have the advantageous phenotype.

patterns in evolution

VocaBularY

convergent evolution
divergent evolution
coevolution
extinction
punctuated equilibrium
adaptive radiation

KeY concept evolution occurs in patterns.

Main iDeas
 Evolution through natural selection is not random.
 Species can shape each other over time.
 Species can become extinct.
 Speciation often occurs in patterns.

Connect to Your World  
People adapt their behavior to their situation. As you go through school, you are 
likely to change how you dress, talk, and study. When you learn something that 
makes your life better, you hold on to that new skill. On a genetic level and over 
multiple generations, species hold onto traits that benefit them in their environment. 
Natural selection is the process that preserves these adaptive traits in a population. 
However, sudden changes in an environment can wipe out a species quickly. The rise 
and fall of species over time reveal clear evolutionary patterns.

 Main iDea 7D, 7E, 7F

evolution through natural selection is  
not random.

In science, the terms chance and random relate to how easily an outcome can 
be predicted. Because mutations and genetic drift cannot be predicted, they 
are called random events. These random events are sources of genetic diver-
sity. However, natural selection, which acts on this diversity, is not random. 
Individuals with traits that are better adapted for their environment have a 
better chance of surviving and reproducing than do individuals without  
these traits.
 You have learned about directional, stabilizing, and disruptive selection. In 
each of these modes of selection, the effects of natural selection add up over 
many generations. In other words, natural selection pushes a population’s 
traits in an advantageous direction. As you can see in Figure 6.1, alleles associ-

ated with these traits add up in the popula-
tion’s gene pool.
 Remember, however, that having 
direction is not the same as having purpose 
or intent. The environment controls the 
direction of natural selection. When the 
environment changes, different traits may 
become advantageous. The response  
of species to environmental challenges and 
opportunities is not random.

Generation 3Generation 1 Generation 2

7B, 7D, 7E, 7F

 7B analyze and evaluate 
scientific explanations concerning 
any data of sudden appearance, 
stasis, and sequential nature of 
groups in the fossil record; 7D 
analyze and evaluate how the 
elements of natural selection, 
including inherited variation, the 
potential of a population to 
produce more offspring than can 
survive, and a finite supply of 
environmental resources, result in 
differential reproductive success; 7E 
analyze and evaluate the 
relationship of natural selection to 
adaptation and to the development 
of diversity in and among species; 
7F analyze and evaluate the effects 
of other evolutionary mechanisms, 
including genetic drift, gene flow, 
mutation, and recombination
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DiVerGent eVolution

The kit fox and the red fox evolved from  
a common ancestor while adapting to  
different environments.

natural selection is not random. it can have direction, and its effects are cumulative 
through generations.

conVerGent eVolution

Dolphins, which are mammals, and sharks, which are fish, have 
evolved similar tail fins, as each has adapted to similar  
environmental conditions.
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convergent evolution
Different species often must adapt to similar environments. Evolution toward 
similar characteristics in unrelated species is called convergent evolution. 
Analogous structures, such as wings on birds and insects, are common  
examples of convergent evolution. Another example is the tail fin of fish and 
marine mammals, as shown in Figure 6.2. Sharks, which are fish, and dolphins, 
which are mammals, are separated by about 300 million years of evolution. 
Separately, they have both evolved similar tail fins to propel themselves 
through the water. However, the tail fins of sharks and other fish are vertical, 
while those of dolphins are horizontal.

Divergent evolution
When closely related species evolve in different directions, they become 
increasingly different through divergent evolution. The evolution of the 
red fox and the kit fox is an example of this trend. Though closely related,  
the two species have different appearances that are the result of adapting  
to different environments. The red fox lives in temperate regions, usually  
in forests. Its dark reddish coat helps it to hide from predators. The sandy-
colored coat of the kit fox allows it to blend in with its desert surroundings. 
Kit foxes also have large ears relative to their body size. This adaptation helps 
them to keep cool in the desert heat.

infer are the shells of turtles and snails examples of convergent or divergent 
evolution? explain.

Ancestor

Kit fox Red fox

Dolphin Shark

Figure 6.2 convergent and Divergent evolution

analyze How do convergent and divergent evolution  
illustrate the directional nature of natural selection?
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species can shape each other over time.
Species interact with each other in many different ways. For example, they may 
compete for the same food source or be involved in a predator-prey relation-
ship. Most of these interactions do not involve evolutionary changes. However, 
sometimes the evolutionary paths of two species become connected.

Beneficial relationships through coevolution
The bull-thorn acacia is a plant species with branches covered in hollow 
thorns. Although the thorns protect the plant from being eaten by large 
animals, small herbivores such as caterpillars can fit between them. To the 
rescue comes Pseudomyrmex ferrugineus, a species of stinging ants. As shown 
in Figure 6.3, these ants live inside the thorns and feed on the plant’s nectar. 
The ants protect the plant by stinging animals that try to eat the leaves.
 This relationship is much more than a simple cooperation between two 
species. The acacia and the ants share an evolutionary history. The hollow 
thorns and nectar-producing leaves of the acacia and the stinging of the ants 
have evolved due to the relationship between the two species. Relatives of 
these species that are not involved in this type of relationship do not have 
these traits. Such relationships form through coevolution, the process in 
which two or more species evolve in response to changes in each other.

evolutionary arms races
Coevolution can also occur in competitive relationships. These interactions 
can lead to “evolutionary arms races,” in which each species responds to 
pressure from the other through better adaptations over many generations.
 For example, many plants produce defense chemicals in the soil to dis-
courage other plants from growing nearby and competing for resources. 
Natural selection then favors competing plants that can overcome the effects 
of the chemicals. After many generations, most competitors have some level  
of resistance and are again able to grow near the defensive plant. Natural 
selection then favors plants that have evolved even more potent chemicals. In 
another case, the thick shells and spines of murex snails are an adaptive 
response to predation by crabs. In turn, crabs have evolved powerful claws 
that are strong enough to crack the snails’ shells.

predict What do you think will happen in future generations of crabs and snails? 

Figure 6.3 The relationship 
between this ant and the acacia 
plant has developed through 
coevolution. The ant lives inside 
the hollow thorn and protects  
the acacia by stinging any  
potential predators.

The crab is the 
natural predator 
of the snail.

Natural selection favors 
snails with thicker shells 
and spines.

Through natural selection, 
crabs evolve more powerful 
claws that can pierce the 
snails’ thick, spiny shells.

In response, natural selec-
tion favors snails with even 
thicker shells and spines.

Chapter 11: The Evolution of Populations 337
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species can become extinct.
Just as birth and death are natural events in the life of an individual, the rise 
and fall of species are natural processes of evolution. The elimination of a 
species from Earth is called extinction. Extinction often occurs when a species 
as a whole is unable to adapt to a change in its environment. Biologists divide 
extinction events into two categories—background extinctions and mass 
extinctions. Although they differ in degree, the effect of both is the same: the 
permanent loss of species from Earth.

Background extinctions
Extinctions that occur continuously but at a very low rate are called  
background extinctions. They are part of the cycle of life on Earth. Back-
ground extinctions occur at roughly the same rate as speciation. Unlike 
catastrophic mass extinctions, background extinction events usually affect 
only one or a few species in a relatively small area, such as a rain forest or a 
mountain range. They can be caused by local changes in the environment, 
such as the introduction of a new predator species or a decrease in food 
supply. From a human perspective, such extinctions seem to occur randomly 
but at a fairly constant rate.

Mass extinctions
Mass extinctions are much more rare than background extinctions. However, 
as illustrated in Figure 6.5, they are much more intense. These events often 
occur at the global level. Therefore, they destroy many species—even entire 
orders or families. Mass extinctions are thought to occur suddenly in geologic 
time, usually because of a catastrophic event such as an ice age or asteroid 
impact. The fossil record confirms that there have been at least five mass 
extinctions in the past 600 million years.

compare and contrast What are the differences and similarities between 
background extinctions and mass extinctions? 7E

Figure 6.4 Native to Portugal 
and Spain, the Iberian lynx is the 
world’s most endangered feline. 
The World Wildlife Federation 
estimates that there may be fewer 
than 300 individuals remaining in 
the wild.

When extinction rate  
is plotted against time, 
mass extinctions appear 
as periodic peaks rising 
above background 
extinction levels.

Source: University of California, Berkeley

0

5

10

15

20

Ex
ti

nc
ti

on
 ra

te
 

(f
am

ili
es

 p
er

 m
ill

io
n 

ye
ar

s)

Millions of years ago

400 200 0600

Approximate
background 
extinctions

Extinction rate

338 Unit 4: Evolution

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=B



 Main iDea 7B

speciation often occurs in patterns.
Paleontologists have long noticed repeating patterns in the history of life, 
reflected in the fossil record. Among these patterns, two stand out from the 
rest. In evolutionary gradualism, discussed in Section 2 of the chapter Prin-
ciples of Evolution, evolutionary changes are thought to occur over long 
periods of time. For many years, advocates of evolution adhered to this idea.
 In the second of the two patterns, bursts of evolutionary activity are 
followed by long periods of stability. This pattern is described by the theory of 
punctuated equilibrium, which states that episodes of speciation occur 
suddenly in geologic time and are followed by long periods of little evolution-
ary change, or stasis. Paleontologist Niles Eldredge, a curator at The American 
Museum of Natural History in New York, and evolutionary biologist Stephen 
Jay Gould originally proposed the theory of punctuated equilbrium in 1972. 
Both men were graduate students at Columbia University, studying fossils of 
four closely related species of trilobite. The fossils showed evidence of the 
sudden appearance of a new form of eye. This new trilobite eye appears to be 
linked to an increased ability to roll into a protective ball, allowing for better 
defense against predators. 
 The theory of punctuated equilibrium was written as a revision of Darwin’s 
idea that new species arise through gradual transformations of ancestral 
species. It must be noted that in the sixth edition of his book On the Origin of 
Species, Darwin wrote that “the periods, during which species have undergone 
modification, though long as measured by years, have probably been short in 
comparison with the periods during which they retained the same form.” 

the concept that species evolve slowly, over long 
periods of time, is known as evolutionary gradu-
alism.

punctuated equilibrium proposes that species 
show little evolutionary change for millions of 
years, followed by periods of rapid speciation.

Figure 6.6 evolutionary Gradualism and punctuated equilibrium

connect to

GeoloGY
Refer back to Section 1 of the 
chapter Principles of Evolution 
to review James Hutton’s theory 
that led to the concept of 
evolutionary gradualism.
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 Modern studies show us that in stable ecosystems, most species are well 
adapted and generally resistant to change, unless some outside force causes 
disruption. In the case of punctuated equilibrium, this is believed to occur 
because a portion of a population becomes isolated and undergoes a specia-
tion event. This isolation may be due to some sort of catastrophe, after which 
those organisms able to evolve quickly are more likely to survive. Isolation 
may also occur as a result of long-term environmental changes, like the 
formation of mountains or deserts, or due to a mutation that gives the organ-
ism a significant survival advantage over competitors.
 When an ecosystem is greatly damaged, such as after the 1980 volcanic 
eruption of Mt. Saint Helens, in Washington state, other organisms will rapidly 
move into the area to fill empty niches. Although rapid evolutionary bursts 
can be compared in some ways to what is seen when such modern ecosystems 
are seriously disturbed, there is a distinct difference between the two. Rather 
than existing species moving in to fill vacancies in a changed ecosystem, in 
punctuated equilibrium, new speciation occurs suddenly following a long 

interval of stasis. Both evolutionary gradualism 
and punctuated equilibrium are viable scientific 
theories, and both are supported by evidence 
found in the fossil record. Although scientists still 
debate which of these two ideas best accounts for 
observed patterns of evolutionary change, most 
accept that it is likely that evolution occurs by a 
combination of these two major theories.
     The process involving the diversification of one 
ancestral species into many descendent species is 
referred to as adaptive radiation. These descendent 
species are usually adapted to a wide range of 
environments. One example of adaptive radiation 

is the variation found in Galápagos 
finches, which were discussed in the 
chapter Principles of Evolution. 
Another rather dramatic example is 
seen in the radiation of mammals 
following the mass extinction at the 
end of the Cretaceous period about 
65 million years ago.
 According to the fossils that have 
been found thus far, the earliest 
mammals were tiny, mostly noctur-
nal, and probably insect eaters, such 
as the shrew-like Leptictidium, seen 
in Figure 6.7, allowing them to 
coexist with the dinosaurs for about 
150 million years. 

descendent species

ti
m

e

ancestral species

adaptive radiation is the rapid  
evolution of many diverse species 
from ancestral species.

VISUAL VOCAB

This model of Leptictidium was made based on the 
bone structures found in fossil specimens.

FiGure 6.7  leptictiDuM
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1. Explain what it means to say that 
natural selection is not random.

2. How does coevolution shape two 
species over time? 7F

3. How can mass extinctions lead to 
the sudden appearance of new 
species? 7B

4. What pattern is described by the 
theory of punctuated equilibrium? 

7B

critical tHinKinG

5. synthesize Defensive chemicals are 
usually found in unripe fruit, but not 
in ripe fruit. In terms of coevolution, 
why might this be?

6. infer Analogous structures are often 
examples of convergent evolution. 
What types of structures would likely 
be examples of divergent evolution?

Formative assessment
connect to

HuMan BioloGY
7. Through mutation, HIV can 

accumulate resistance to 
drugs developed for treat-
ment. Describe the relation-
ship between HIV and the 
humans who develop these 
drugs in terms of an evolu-
tionary arms race. 7F

 The extinction of the dinosaurs about 65 million years ago left environ-
ments full of open niches for other types of animals. In the first 10 million 
years of the Tertiary period following the mass extinction event, more than 
4000 mammal species had evolved, including the ancestors of modern whales, 
bats, rodents, and primates. Evidence of this mass  extinction, known as the 
Cretaceous-Tertiary (K-T) boundary, can be seen in Figure 6.8. 

 The fossil record indicates that there have been at least five mass extinc-
tions in the past 600 million years, where large percentages of global popula-
tions were decimated. Studying these extinctions reveals that following each 
was a period of rapid evolutionary changes and the appearance of new species.

synthesize the adaptive radiation of mammals followed the extinction of the 
dinosaurs. How do these events support the theory of punctuated equilibrium?

7B

The K-T boundary layer is 
marked clearly in rock layers in 
many places around the world.  
It is linked to the collision of an 
asteroid with Earth around 65 
million years ago. The layer con-
tains high concentrations of the 
element Iridium. Iridium is very 
rare on Earth, but is found in 
much greater abundance in 
objects from space. 
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Key ConCepts

summary

Two-Column Chart  Make a two-column chart to synthe-
size your notes about the three modes of natural selection.

Concept Map  Use a concept map to summarize factors 
that can lead to evolution.

R E A D I N G  T o o l b o x 	 SyNThESIzE youR NoTES

bottleneck	event

some	
found	a

small	colony

goes	
through	a

leads	to

results	in

leads	to

large	population

Type	of	Selection Graph

Directional	Selection
	 Cause:

	 Result:

Range	of	phenotypes
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y

GG

gg

BIG IDEA The	genetic	composition	of	populations	
evolves	through	natural	selection	as	species	adapt	to	changes	in	
their	environment.
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11
 11.1 Genetic Variation Within 

Populations
A	population	shares	a	common		
gene	pool.	Genetic variation in a 
gene pool can be measured through 
allele frequencies. Genetic variation 
increases the chance that some 
members of a population will be  
able to adapt to their environment.

 11.2 Natural Selection in Populations
Populations,	not	individuals,	evolve.	Natural selec-
tion acts on distributions of traits in a population. 
Directional selection occurs when one extreme phe-
notype is advantageous for survival. If intermediate 
phenotypes are advantageous, they become more 
common through stabilizing selection. In the process 
of disruptive selection, extreme phenotypes are 
selected.

 11.3 other Mechanisms of Evolution
Natural	selection	is	not	the	only	
mechanism	through	which	popu-
lations	evolve.	Gene flow is the 
movement of alleles between 
populations. Changes in allele fre-
quencies due to chance alone can 
occur through genetic drift. If certain traits increase 
mating success, those traits can become more com-
mon through sexual selection.

 11.4 hardy-Weinberg Equilibrium
Hardy-Weinberg	equilibrium	provides	a	framework	
for	understanding	how	populations	evolve.	A popu-
lation in Hardy-Weinberg equilibrium is not evolving. 
The conditions required for this equilibrium are rarely 
met in nature. However, Hardy-Weinberg equilibrium 
provides a framework for understanding the factors 
that can lead to evolution. It is therefore very useful 
to population biologists.

 11.5 Speciation Through Isolation
New	species	can	arise	when	populations	are	isolated.	
Reproductive isolation occurs when members of two 
populations are no longer able to mate successfully. It 
is the final stage in speciation—the rise of two or 
more species from one existing species. Behavioral, 
geographic, or temporal barriers can lead to isolation.

11.6 Patterns in Evolution
Evolution	occurs	in	patterns.	Evolution through nat-
ural selection can have direction, and its effects add 
up over many generations. The evolutionary paths of 
two or more species can become connected 
through the process of coevolution. Extinction and 
speciation events also appear in patterns in the fossil 
record.
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Chapter voCabulary

reviewing vocabulary
visualizing voCabulary

For each term below, use simple shapes, lines, or arrows 
to illustrate their meaning. Below each picture, write a 
short caption. Here’s an example for the term founder 
effect.

A small group of individuals starts a population that 
is subject to genetic drift.

 1. gene flow 3. divergent evolution
 2. geographic isolation 4. punctuated equilibrium

Keep it short
For each vocabulary word below, write a short, precise 
phrase that describes its meaning. For example, a short 
phrase to describe the word extinction could be “gone 
forever.”

 5. gene pool 8. convergent evolution
 6. reproductive isolation 9. coevolution
 7. speciation 10. adaptive radiation

reviewing Main iDeas
 11. Would a population with a lot of genetic variation or 

little genetic variation be more likely to have individuals 
that can adapt to a changing environment? Explain your 
answer. 7d

 12. Describe two major sources of genetic variation.

 13. A certain trait in a population is not under any selective 
pressure. Draw a curve showing the likely phenotypic 
distribution for this trait.

 14. Over many generations, certain insect species have 
become more and more resistant to insecticides. What 
type of natural selection does this show, and how does 
it differ from the other types? 7d, 7E

 15. Describe how gene flow can increase genetic variation 
within two neighboring populations. 7f

 16. How are the effects of genetic drift similar to the 
effects of having a small sample size in a scientific 
experiment? 7f

 17. Give an example of the way sexual selection can cause 
extreme phenotypes in a population. 7d, 7f

 18. What are the conditions necessary for a population to 
stay in Hardy-Weinberg equilibrium?

 19. How can a lack of gene flow between populations lead 
to speciation? 7f

 20. Describe three types of barriers that can cause popula-
tions to become reproductively isolated from each 
other.

 21. Explain why mutation and genetic drift are random 
events, while natural selection is not. 7f

 22. Speciation is the rise of two or more species from one 
existing species. What process keeps the number of 
total species on Earth from growing exponentially 
through speciation?

 23. What is the relationship between speciation and the 
theory of punctuated equilibrium? 7b

R E A D I N G  T O O L B O X

Chapter 1 1 : The Evolution of Populations 343

1 1
11.1 gene pool

allele frequency

11.2 normal distribution
microevolution
directional selection
stabilizing selection
disruptive selection

11.3 gene flow
genetic drift
bottleneck effect
founder effect
sexual selection

11.4 Hardy-Weinberg equilibrium

11.5 reproductive isolation
speciation
behavioral isolation

geographic isolation
temporal isolation

11.6 convergent evolution
divergent evolution
coevolution
extinction
punctuated equilibrium
adaptive radiation
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Critical thinking
 24. evaluate Biogeographic and genetic evidence indicates 

that more than 50 species of Hawaiian honeycreeper 
birds have likely descended from a common ancestor. 
The 18 surviving species occupy many different niches 
and exhibit a variety of beak types, songs, and nesting 
behaviors. What role do the concepts of reproductive 
isolation and adaptive radiation play in interpreting the 
evidence for the speciation of Hawaiian honeycreepers?  

7A, 7E

 25. apply How could gene flow affect a population that 
was founded by a small number of individuals? 7f

 26. analyze What type of selection produces a distribution 
of phenotypes opposite to that produced by stabilizing 
selection? Explain your answer. 7E

 27. analyze Explain how the process of genetic drift occurs 
completely by chance. 7f

 28. analyze Why must allele frequencies in a gene pool 
always add up to 100%?

 29. Compare and Contrast What are the differences  
and similarities between natural selection and  
sexual selection? 7d

interpreting visuals
Below is a frequency distribution for beak size in a 
hypothetical population of birds. Use this graph to 
answer the next three questions.

 30. analyze What type of selection is demonstrated by the 
data in this graph? Explain your answer. 7E

 31. analyze Which phenotypes are the most common in  
this population? 7E

 32. synthesize Describe a scenario that could realistically 
lead to this pattern of selection in a bird population. 

7E

analyzing Data Identify Patterns
Below is a graph showing the relationship between 
female chimpanzee rank and the survival of offspring. 
Use the graph to answer the next three questions.

 33. analyze What is the relationship between female rank 
and the survival of her offspring?

 34. analyze Is there a level of rank that prevents a female 
chimp from reproducing? Explain.

 35. infer What can you infer by studying the scale of the  
y-axis on this graph?

Making Connections
 36. Write a proposal The explosive growth of nonnative 

species is a major global issue. A few individuals from 
one area act as founders of new populations on other 
continents or in other oceans. This is causing many 
native populations to decline. Human activities such as 
global commerce and travel are directly causing these 
destructive founding populations. Write a proposal to an 
international committee on the environment regarding 
this issue. Include in your proposal the significance of 
the changes to native populations, using terms and 
concepts from the chapter.

 37. infer Hemoglobin, an oxygen-carrying protein found in 
the red blood cells of vertebrates, helps to circulate 
oxygen from the lungs to all parts of the body. In 
penguins, the blood has a very high concentration of 
hemoglobin. Penguin muscles have a high concentration 
of myoglobin, which also stores oxygen. What might be 
a reason for these adaptations? 7C, 7E, 7f

Source: Jane Goodall Institute

survival of ChiMpanzee offspring

beaK size Distribution
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Biology End-of-Course Exam Practice

Record your answers on a separate piece of paper.

MULTIPLE CHOICE

3A, 7C
 1 Which explanation describes how natural 

selection produces changes in organisms?
A Natural selection enables a trait of an 

individual to be expressed.
B Natural selection occurs when a favorable 

phenotype allows for differential reproductive 
success in a population of organisms.

C Natural selection occurs when individuals that 
develop disease die.

D Natural selection occurs when neutral 
phenotypes become common in a population.

7D
 2 A drought occurs in an environment with a large 

plant population. Which element of natural 
selection is most likely to enable part of the 
population to survive and reproduce?
A the potential for the plant population to 

produce more offspring than can survive
B a change in climate conditions
C competition with other plant and animal 

populations for finite water resources
D some individual plants inherited traits that 

enable them to survive a drought

THINK THROUGH THE QUESTION

Read each of the answer choices carefully. Which of 
these choices would make a population more likely 
to survive in a changing environment?

2C, 7B
 3 In the 1800s, Georges Cuvier proposed the theory 

of catastrophism to explain how some species 
disappear from the fossil record by going extinct 
and new species appear in the fossil record 
through immigration. How could Cuvier’s theory 
be used to explain periods of stasis?
A Periods of stasis would result when organisms 

were not subject to the effects of natural 
disasters for extended periods of time.

B Periods of stasis would appear in the fossil 

record when regions of Earth were subject to 
frequent natural disasters.

C Periods of stasis would result only if an area 
was completely destroyed by a natural disaster.

D Periods of stasis would result from slow and 
steady changes that were constantly occurring 
on Earth.

7B
 4 Scientists often use the relative positions of fossils 

in sedimentary rock layers to draw conclusions 
about the sequential nature of groups of 
organisms in the fossil record. Why are scientists 
able to use such observations as a key to the 
relative ages of fossils?
A Sedimentary rocks are laid down in layers, so 

the oldest layers in an undisturbed rock bed 
will be located beneath upper layers.

B Even when sedimentary rock layers are 
disturbed, the oldest layer is always deposited 
on top of the youngest rock layer.

C Younger rock layers are always deposited 
under older layers.

D Weathering and erosion expose fossils making 
them easier to examine.

2G, 7F
 5 

  The map above shows the location of four 
populations of a bee species. Over time, 
Population A is most likely to evolve into a new 
species due to—
A geographic isolation
B temporal isolation
C convergent evolution
D adaptive radiation
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