16-1 Genes and Variation

arnvironmental conditions.

3 s Darwin developed his theory of evolution, he worked under
' A.a serious handicap. He didn’t know how heredity worked!

- Although Mendel’s work on inheritance in peas was published
 during Darwin’s lifetime, its importance wasn’t recognized for
decades. This lack of knowledge left two big gaps in Darwin’s
‘thinking. First, he had no idea how heritable traits pass from

one generation to the next. Second, although variation in herita-
~ ble traits was central to Darwin’s theory, he had no idea how
that variation appeared.

- Evolutionary biologists connected Mendel’s work to Darwin’s
‘during the 1930s. By then, biologists understood that genes

" control heritable traits. They soon realized that changes in
“genes produce heritable variation on which natural selection

~ can operate. Genes became the focus of new hypotheses and
_experiments aimed at understanding evolutionary change.

- Another revolution in evolutionary thought began with Watson
i “and Crick’s studies on DNA. Their model of the DNA molecule
helped evolutionary biologists because it demonstrated the
molecular nature of mutation and genetic variation.

~ Today, molecular techniques are used to test hypotheses about
“how heritable variation appears and how natural selection oper-
ates on that variation. As you will learn in this chapter, fitness,

. adaptation, species, and evolutionary change are now defined in

* - genetic terms. We understand how evolution works better than
Darwin ever could, beginning with heritable variation.

How Common Is Genetic Variation?

-We now know that many genes have at least two forms, or
alleles. Animals such as horses, dogs, and mice often have
several alleles for traits such as body size or coat color. Plants,
‘such as peas, often have several alleles for flower color. All
~organisms have additional genetic variation that is “invisible”

~ because it involves small differences in biochemical processes.

- In addition, an individual organism is heterozygous for many

~ 8enes. An insect may be heterozygous for as many as 15 percent
- of its genes. Individual fishes, reptiles, and mammals are typi-

3 cally heterozygous for between 4 and 8 percent of their genes.

AR N N R N SR N R R S PR L R T A R N LS L B R RO ST S O Ay

LR R T

7 e Shudents #now both genede wiriation and environmental Factors are causes of svolution and diversity of organisms,
3¢ 7.c. Students know new mutations are constantly being generated in a sene pool. 3 7.d. Students know variation
wihin a species increases the likelihood that at least some members of g spacies will survive under changed

Guide for Reading

S A IR

Key Concepts

¢ What are the main sources
of heritable variation in a
population?

¢ How is evolution defined in
genetic terms?

¢ What determines the numbers
of phenotypes for a given
trait?

Vocabulary
gene pool
relative frequency
single-gene trait
polygenic trait

Reading Strategy:
Building Vaocabulary
Before you read, make a list of
the vocabulary terms above. As
you read, take notes about the
meaning of each term.

V¥ Figure 16-1 > There are
two main sources of genetic
variation: mutations and the
gene shuffling that results from
sexual reproduction. Each of
these babies has inherited a
collection of traits. Some, such as
hair color, are visible, while others,
such as the ability to resist certain
diseases, are not.
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Sample Population . .
Variation and Gene Pools
Genetic variation is studied in populations. A popula-
tion is a group of individuals of the same species that
interbreed. Because members of a population inter-
breed, they share a common group of genes called a
gene pool. A gene pool consists of all genes, including
all the different alleles, that are present in a population.
The relative frequency of an allele is the number
of times that the allele occurs in a gene pool, compared
with the number of times other alleles for the same
gene occur. Relative frequency is often expressed as a
percentage. For example, in the mouse population in
Figure 16-2, the relative frequency of the dominant B

: “homozygous
“brown

Frequency of Alleles allele (black fur) is 40 percent, and the relative fre-
quency of the recessive b allele (brown fur) is 60 per-
() allele for ™ allele for cent. The relative frequency of an allele has nothing to
¥ brown fur W' black fur do with whether the allele is dominant or recessive. In

this particular mouse population, the recessive allele

Q @ @ Q @ @ Q Q occuérse more frequently than the dorflinant alle}lle.
\ ne pools are important to evo utionary theory,
Q Q @ Q Q @ because evolution involves changes in populations over
@ Q Q @ Q @ time. @ In genetic terms, evolution is any
: . change in the relative frequency of alleles in a
Q Q Q G G population. For example, if the relative frequency of
@ @ Q @ Q @ Q @ the B allele in the mouse population changed over time

to 30 percent, the population is evolving.

A Figure 16-2 When scientists ,

deterr?ﬂne whether a population is JMHECKPOWT‘ What is a gene pool?

evolving, they may look at the sum

of the population’s alleles, or its Sources of Genetic Variation

gene pool. This diagram shows the

gene pool for fur color in a popula- Biologists can now explain how variation is produced. @ The
tion of mice. Calculating Here, in two main sources of genetic variation are mutations and

a total of 50 alleles, 20 alleles are B
(black), and 30 are b (brown). How

many of each allele would be present . . .
ina t);tal of 100 alleles? prese Mutations A mutation is any change in a sequence of DNA.

Mutations can occur because of mistakes in the replication of
DNA or as a result of radiation or chemicals in the environment.
Mutations do not always affect an organism’s phenotype. For g h

the genetic shuffling that results from sexual reproduction.

example, a DNA codon altered from GGA to GGU will still code
for the same amino acid, glycine. That mutation has no effect on
phenotype. Many mutations do produce changes in phenotype,
however. Some can affect an organism’s fitness, or its ability to
survive and reproduce in its environment. Other mutations may
have no effect on fitness.

Go ﬁ’nhne . Gene Shuffling Mutations are not the only source of herita-
SC/ ble variation. You do not look exactly like your biological par-
For: Links on INKS : :
population genetics ents, even though they provided you with all your genes. You
Visit: www.SciLinks.org probably look even less like any brothers or sister§ you may
Web Code: cbn-5161 have. Yet, no matter how you feel about your relatives, mutant

genes are not primarily what makes them so different from you.
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Most heritable differences are due to gene shuffling that
occurs during the production of gametes. Recall that each
chromosome of a homologous pair moves independently during
meiosis. As a result, the 23 pairs of chromosomes found in
humans can produce 8.4 million different combinations of genes!

Another process, crossing-over, also occurs during meiosis.
Crossing-over further increases the number of different geno-
types that can appear in offspring. Recall that a genotype is an
organism’s genetic makeup. When alleles are recombined during
sexual reproduction, they can produce dramatically different
phenotypes. Thus, sexual reproduction is a major source of
variation within many populations.

Sexual reproduction can produce many different pheno-
types, but it does not change the relative frequency of alleles in
a population. To understand why, compare a population’s gene
pool to a deck of playing cards. Each card represents an allele
found in the population. The exchange of genes during gene
shuffling is similar to shuffling a deck of cards. Shuffling leads
to different types of hands, but it can never change the relative
numbers of aces, kings, or queens in the deck. The probability of
drawing an ace off the top of the deck will always be 4 in 52, or
one thirteenth (4/52 = 1/13). No matter how many times you
shuffle the deck, this probability will remain the same.
Similarly, sexual reproduction produces many different combi-
nations of genes, but in itself it does not alter the relative
frequencies of each type of allele in a population.

‘ éCHE_CKPOINT) What are the sources of heritable variation?

Sirgle-Gene and Polygenic Traits

Heritable variation can be expressed in a variety of ways.

@ The number of phenotypes produced for a given
trait depends on how many genes control the trait.
Among humans, a widow’s peak—a downward dip in the center
of the hairline—is a single-gene trait. It is controlled by a
single gene that has two alleles. The allele for a widow’s peak is
dominant over the allele for a hairline with no peak.

Word Origins
A A

Gene comes from the Greek word
gignesthai, meaning “to be born,”
and refers to factors that produce
an organism. The prefix poly-
comes from the Greek word polys,
meaning “many,” so polygenic
means “having many genes.” The
prefix mono- means “one.” What
do you think the term monogenic
means?

Figure 16-3 In humans, a single
gene with two alleles controls
whether a person has a widow's
peak (left) or does not have a
widow’s peak (right). As a result,
only two phenotypes are possible.
& The number of phenotypes a
given trait has is determined by
how many genes control the trait.

As a result, variation in this gene leads to only two
distinct phenotypes, as shown in Figure 16-3. Single-Gene Trait !
As you can see, the frequency of phenotypes '

caused by this single gene is represented on the bar
graph. This graph shows that the presence of a
widow’s peak may be less common in a population
than the absence of a widow’s peak, even though the
allele for a widow’s peak is the dominant form. In
real populations, phenotypic ratios are determined
by the frequency of alleles in the population as well
as by whether the alleles are in the dominant or
recessive form. Allele frequencies may not match
Mendelian ratios.

Frequency of Phenotype
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100+
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o
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Widow’s péak No widow's peak
Phenotype
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Figure 16-4 The graph below
shows the distribution of pheno-
types that would be expected for
a trait if many genes contributed ~
to the trait. The photograph
shows the actual distribution of
heights of a group of young men.
Using Tables and Graphs What
does the shape of the graph indicate
about height in humans?

Polygenic Trait
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&’ Many traits are controlled by two or more genes and
are, therefore, called polygenic traits. Each gene of a
Ph height) —p i }
enotype ( ‘e ght) polygenic trait often has two or more alleles. As a result,

one polygenic trait can have many possible genotypes
and phenotypes.

Height in humans is one example of a polygenic
trait. You can sample phenotypic variation in this trait
by measuring the height of all the students in your class.
You can then calculate the average height of this group.
Many students will be just a little taller or shorter than
average. Some of your classmates, however, will be very
tall or very short. If you graph the number of individuals
of each height, you may get a graph similar to the one in
Figure 16 -4. The symmetrical bell-like shape of this
curve is typical of polygenic traits. A bell-shaped curve is
also called a normal distribution.

16-1 Section Assessment

Focus . BIG Idea

| Information and Hereci;ty
How does the process known

1. @ Key Concept In genetic
terms, what indicates that evolu-
tion is occurring in a population?

2. @ Key Concept What two
processes can lead to inherited
variation in populations?

3. @ Key Concept How does
the range of phenotypes differ
between single-gene traits and
polygenic traits?
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4. What is a gene pool? How are
allele frequencies related to gene
pools?

5. Critical Thinking Evaluating
Evaluate the significance of
mutations to the process of
biological evolution. (Hint: How
does mutation affect genetic
variation?)

| as independent assortment

| relate to the genetic variation
that results from sexual

| reproduction? Hint: Refer to

1 Chapter 11.
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|
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6-2 Evolution as Genetic Change
B 7.a. Students know why aatural selection 1cis on Yha phanotype cathar than the genctype of an arganism. *Bl 7.e.

students know the conditions for Hardy-Weinberg equiiibrium in a population and why these conditions are not likely to

5 appear in nature. *Bl 7.1. Students know how to solve the Hardy-Weinberg equation to predict the frequency of genotypes

/ in a population, given the frequency of phenotypes. Bl 8.c. Students know the effects of genetic drift on the diversity of

organisms in a population.

genetic view of evolution offers a new way to look at key
Aevolutionary concepts. Each time an organism reproduces,
it‘passes copies of its genes to its offspring. We can therefore
- view evolutionary fitness as an organism’s success in passing
- genes to the next generation. In the same way, we can view an
- evolutionary adaptation as any genetically controlled physiolog-
ical, anatomical, or behavioral trait that increases an individ-

Guide for Reading
A A

¢ Key Concepts
* How does natural selection

affect single-gene and
polygenic traits?
* What is genetic drift?

* What is the Hardy-Weinberg

- uals ability to pass along its genes. principle?

, Natural selection never acts directly on genes. Why?
" Because it is an entire organism—not a single gene—that either
~ survives and reproduces or dies without reproducing. Natural
- selection, therefore, can only affect which individuals survive
~ and reproduce and which do not. If an individual dies without
‘reproducing, the individual does not contribute its alleles to the
population’s gene pool. If an individual produces many offspring,
 its alleles stay in the gene pool and may increase in frequency.
f Now recall that evolution is any change over time in the
. relative frequencies of alleles in a population. This reminds us
that it is populations, not individual organisms, that can evolve
- over time. Let us see how this can happen in different situations.

Vocabulary

directional selection
stabilizing selection
disruptive selection
genetic drift

founder effect
Hardy-Weinberg principle
genetic equilibrium

Reading Strategy:
Qutlining Before you read,
use the headings to make an
outline. As you read, add a
sentence after each heading to
provide key information.

i‘::‘;‘Natural Selection on Single-Gene Traits

i G Natural selection on single-gene traits can lead to

_ changes in allele frequencies and thus to evolution.

_ Imagine that a hypothetical population of lizards, shown in

- Figure 16-5, is normally brown, but experiences mutations that

- produce red and black forms. What happens to those new

~ alleles? If red lizards are more visible to predators, they might
be less likely to survive and reproduce, and the allele for red

- coloring might not become common.

V¥ Figure 16-5 D Natural selection
on single-gene traits can lead to
changes in allele frequencies and thus
to evolution. Organisms of one color,
for example, may produce fewer
offspring than organisms of other colors.

; Initial Population | Generation 10 Generation 20
LGNS LS SRS %S ko
*
10% 0% 0% 0%
* W | v |
g 10% 20% 30% 60%
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Can the environment
affect survival?

Materials scissors, construction
paper (several colors), transparent
tape, 15-cm ruler, watch with a
second hand

Procedure ﬂ

1. Choose three different-colored
sheets of construction paper.
Cut out a butterfly shape from
each sheet, 5 X 10 cm in size.
CAUTION: Be careful with
scissors.

2. Tape your butterflies to different-
colored surfaces. Then, return to
your seat.

3. Record how many shapes of
each color you can count from
your desk in 5 seconds.

4. Exchange your observations with
your classmates to determine the
class total for each color.

Analyze and Conclude

1. Analyzing Data According to
your class data, which colors of
butterfly are easiest to see?
Which color of butterfly would be
most easily caught by a predator?

2. Inferring What will happen to
the butterfly population after
many generations if predators
consume most of the easy-to-
see butterflies?

P Figure 16-6 C Directional
selection occurs when individuals
at one end of the curve have higher
fitness than individuals in the
middle or at the other end. In this
example, a population of seed-eating
birds experiences directional selection
when a food shortage causes the
supply of small seeds to run low. The
dotted line shows the original dis-
tribution of beak sizes. The solid line
shows how the distribution of beak
sizes would change as a result of
selection.
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Black lizards, on the other hand, might absorb more sun-
light and warm up faster on cold days. If high body temperature
allows them to move faster to feed and to avoid predators, they
might produce more offspring than brown forms. The allele for
black color might then increase in relative frequency. If a color
change has no effect on fitness, the allele that produces it would
not be under pressure from natural selection.

Natural Selection on Polygenic Traits

When traits are controlled by more than one gene, the effects of
natural selection are more complex. As you learned earlier, the
action of multiple alleles on traits such as height produces a
range of phenotypes that often fit a bell curve. The fitness of
individuals close to one another on the curve will not be very
different. But fitness can vary a great deal from one end of such
a curve to the other. And where fitness varies, natural selection
can act. @ Natural selection can affect the distributions
of phenotypes in any of three ways: directional selection,
stabilizing selection, or disruptive selection.

Directional Selection When individuals at one end of the
curve have higher fitness than individuals in the middle or at
the other end, directional selection takes place. The range of
phenotypes shifts as some individuals fail to survive and repro-
duce while others succeed. To understand this, consider how
limited resources, such as food, can affect the long-term survival
of individuals and the evolution of populations.

Among seed-eating birds such as Darwin’s finches, for exam-
ple, birds with bigger, thicker beaks can feed more easily on larger,
harder, thicker-shelled seeds. Suppose a food shortage causes the
supply of small and medium-sized seeds to run low, leaving only
larger seeds. Birds whose beaks enable them to open those larger
seeds will have better access to food. Birds with the big-beak
adaptation would therefore have higher fitness than small-beaked
birds. The average beak size of the population would probably
increase, as shown in Figure 16-6.

Number of Birds
in Population

Beak Size > B




stabilizing Selection When individuals
near the center of the curve have higher fitness
than individuals at either end of the curve,

. gtabilizing selection takes place. This situation
~ keeps the center of the curve at its current
position, but it narrows the overall graph.

As shown in Figure 16-7, the mass of human
~ infants at birth is under the influence of stabiliz-
' ing selection. Human babies born much smaller
_ than average are likely to be less healthy and

= thus less likely to survive. Babies that are much
~ larger than average are likely to have difficulty
- being born. The fitness of these larger or smaller
 individuals is, therefore, lower than that of more
~ average-sized individuals.

~ Dpisruptive Selection When individuals at
" the upper and lower ends of the curve have

" higher fitness than individuals near the middle,

~ disruptive selection takes place. In such

~ situations, selection acts most strongly against
- individuals of an intermediate type. If the pres-
© gure of natural selection is strong enough and
- lasts long enough, this situation can cause the
~ single curve to split into two. In other words,

. selection creates two distinct phenotypes.

: For example, suppose a population of birds
* lives in an area where medium-sized seeds

~ become less common and large and small seeds
~ become more common. Birds with unusually

- small or large beaks would have higher fitness.
As shown in Figure 16-8, the population might
split into two subgroups: one that eats small
seeds and one that eats large seeds.

Genetic Drift

In small populations, an allele can become more
or less common simply by chance, rather than
because it has positive or negative effects on
fitness. The smaller a population is, the greater
the chance that it will experience this kind of
random change in allele frequency. This kind of
random change in allele frequency is called
genetic drift. How does genetic drift take
place? @ In small populations, individuals
that carry a particular allele may leave
more descendants than other individuals,
just by chance. Over time, a series of chance
occurrences of this type can cause an allele
to become common in a population.

! Stabilizing Selection

Selection

against

both extremes

keeps curve

narrow and in
N same place.

Percentage of Population

Birth Mass >

A Figure 16-7 In this example of stabilizing
selection, human babies born at an average mass are
more likely to survive than babies born either much
smaller or much larger than average.

Number of Birds
in Population

Beak Size >

A Figure 16-8 In this example of disruptive
selection, average-sized seeds become less common,
and larger and smaller seeds become more common.
As a result, the bird population splits into two
subgroups specializing in eating different-sized seeds.
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Sample of
Original Population

Go i\inil}e
active art
For: Genetic Drift activity‘

Visit: PHSchool.com
Web Code: cbp-5162

X

Figure 16-9 In small popula-
tions, individuals that carry a
particular allele may have more
descendants than other individu-
als. Over time, a series of chance
occurrences of this type can cause
an allele to become more com-
mon in a population. This model
demonstrates how two small
groups from a large, diverse
population could produce new
populations that differ from the
original group.
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Founding Population A

Genetic drift may occur when a small group of individuals
colonizes a new habitat. These individuals may carry alleles in
different relative frequencies than did the larger population
from which they came. If so, the population that they found will
be genetically different from the parent population. Here,
however, the cause is not natural selection but simply chance—
specifically, the chance that particular alleles were in one or
more of the founding individuals, as shown in Figure 16-9. A
situation in which allele frequencies change as a result of the
migration of a small subgroup of a population is known as the
founder effect. One example of the founder effect is the evolu-
tion of several hundred species of fruit flies found on different
Hawaiian Islands. All of those species descended from the same
original mainland population. Those species in different habi-
tats on different islands now have allele frequencies that are
different from those of the original species.

Hardy-Weinberg and Genetic Equilibriur:

To clarify how evolutionary change operates, scientists often find
it helpful to determine what happens when no change takes
place. So biologists ask: Are there any conditions under which
evolution will not occur? Is there any way to recognize when that
1s the case? The answers to those questions are provided by the
Hardy-Weinberg principle, named after two researchers who
independently proposed it in 1908.

The Hardy-Weinberg principle states that allele frequen-
cies in a population will remain constant unless one or more
factors cause those frequencies to change. The situation in which
allele frequencies remain constant is called genetic equilibrium.
If the allele frequencies do not change, the population will not evolve.
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Under what conditions does the Hardy-
Weinberg principle hold? @ Five conditions
are required to maintain genetic equilibrium
from generation to generation: (1) There must
pe random mating: (2) the population must be
very large; and (3) there can be no movement
into or out of the population, (4) no mutations,
and (5) no natural selection.

In some populations and in rare situations,
these five conditions may be met or nearly met for
long periods of time. If, however, the conditions are
not met, the genetic equilibrium will be disrupted,

: and the population will evolve.

Solving Problems Using Hardy-
Weinberg

It turns out that the Hardy-Weinberg principle is

based on an equation that allows us to check its
predictions. That equation can also be used to
calculate and predict the frequency of certain
genotypes.

Imagine that you are a geneticist studying a
trait controlled by two alleles, A and a. You know
that these alleles follow rules of simple dominance.
You survey a population for the trait, and discover
that 4% of the population exhibits the phenotype
produced by the homozygous recessive genotype aa.
Fully 96% of the population is AA or Aa and exhibits
the dominant phenotype.

The Hardy-Weinberg equations represent the
frequency of the dominant A allele as p and the
frequency of the recessive a allele as g. The sum of
the frequencies must always equal the entire
population (100%). In mathematical form, this can
be written as the equation:

p+g=1

Recall from Chapter 11, that any cross that
involves these alleles can produce three possible
genotypes: AA, Aa, and aa.

Now, when eggs and sperm are produced in
members of this population, those gametes will carry
these alleles in the same relative frequencies at
which those alleles occur in the population. Thus, the
relative frequency of eggs and sperm that carry the
A allele will be equal to p, and the relative frequency
of eggs and sperm that carry the a allele will be
equal to g. The three types of zygotes produced by
these eggs and sperm will have the same relative
Numbers as the individuals in the Punnett square.

A Figure 16-10 < One of the five condi-
tions that are needed to maintain genetic
equilibrium from one generation to the next is
large population size. The allele frequencies of
large populations, such as this group of birds, are
less likely to be changed through the process of
genetic drift.
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16-2 Section Assessment

1. @ Key Concept Describe
how natural selection can affect
traits controlled by single genes.

2. @ Key Concept Describe
three patterns of natural selection
on polygenic traits. Which one
leads to two distinct phenotypes?

3. @ Key Concept How does
genetic drift lead to a change in a
population’s gene pool?

402 Chapter 16

Those numbers can be expressed by the following equation:

p2+2pg+q?=1

p? = frequency of AA homozygotes

2pq = the frequency of Aa heterozygotes

g2 = the frequency of aa homozygotes

1 = the sum of frequencies of all genotypes (100%)

In a particular generation, we find that p = 0.8, and q = 0.2. How
can you figure out the relative frequencies of AA, Aa, and aa

individuals?

1. First, write the following equation:

P2+ 2pq+q2=1(orA?+24Aa+a2=1)

2. Fill in the values.

(0.8)2+2(0.8 X 0.2) + (0.2)2=1

3. Calculate.

(0.8 x 0.8) +2(0.16) + (0.2 x 0.2) =1

0.64 +0.32 + 0.04 = 1.00

4. Convert the fractions to percentages.
0.64 X 100 = 64%, so 64% is the frequency of homozygous dom-

inant individuals (AA).

0.32 X 100 = 32%, so 32% is the frequency of heterozygous

recessive individuals (Aa).

0.04 X 100 = 4%, so 4% is the frequency of homozygous reces-

sive individuals (aa).

As long as the Hardy-Weinberg equilibrium conditions hold,
neither the frequency of the genotypes nor the frequencies of the
alleles (p and ¢) will change from generation to generation.

4. @ Key Concept What is the

5.

Hardy-Weinberg principle?
Critical Thinking Calculating
You are studying a population of
100 people and discover that 36
of these people are ss for a
genetic condition. Use the Hardy-
Weinberg equation to figure out
the frequencies of the S and s
alleles. What are the frequencies
of the S5, Ss, and ss genotypes?

Using Models

Demonstrate natura! selection
on polygenic traits by cutting
a sheet of paper into squares
of five different sizes to
represent sizes in a
population. Use the squares
to model directional,
stabilizing, and disruptive
selection.
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) Natural selection is everywhere. One dramatic

example of evolution in action poses a serious

~ threat to public health. Many kinds of disease-
- causing bacteria are evolving resistance to antibi-
. otics—drugs intended to kill them or interfere
- with their growth.

Antibiotics are one of medicine’s greatest

weapons against bacterial diseases. When antibi-
- otics were discovered, they were called “magic bul-
~ lets” and “wonder drugs” because they were so
- effective. They have made diseases like pneumonia
~ much less of a threat than they were about sixty
- years ago. However, people may be overusing
~ antibiotics. Doctors sometimes prescribe them

for diseases for which they are not effective.
Commercial feed for chickens and other farm ani-
mals is laced with antibiotics to prevent infection.

This wide use has caused many bacteria—
including Mycobacterium tuberculosis, which
causes tuberculosis—to evolve resistance to antibi-
otics. This resistance is a prime example of the evo-

- lution of a genetically controlled physiological

trait. Resistance evolved because bacterial popu-
lations contained a few individuals with genes that
enabled them to destroy, inactivate, or eliminate
antibiotics. Descendants of those physiologically
similar individuals survived and reproduced, and
became today’s resistant strains. Once-powerful
antibiotics are now useless against resistant bac-
teria. Given this risk, should government agencies
restrict the use of antibiotics?

The Viewpoints
Antibiotic Use Should Be Restricted

The danger of an incurable bacterial epidemic is so
high that action must be taken on a national level
as soon as possible. Doctors overuse antibiotics in
humans because patients demand them. The live-
stock industry likes using antibiotics in animal
feeds and will not change their practice unless
forced to do so.

y
@ BIE 1.m

Should the Use of Antibiotics
Be Restricted?

Antibiotic Use Should Not Be Restricted

Researchers are coming up with new drugs all the
time. These drugs can be reserved for human use
only. Doctors need to be able to prescribe antibi-
otics as they choose, and our food supply depends
on the use of antibiotics in agriculture. The med-
ical profession and the livestock industry need the
freedom to find solutions that work best for them.

Research and Decide

1. Analyzing the Viewpoints To make an
informed decision, learn more about this issue
by consulting library and Internet resources.
Then, list the advantages and disadvantages of
restricting the use of antibiotics. "

2. Forming Your Opinion Should antibiotics
be restricted? Are there some situations in
which such regulations would be more appro-
priate than others?

(Go Jnline
PHSchool.com

For: Links from the authors

Visit: PHSchool.com

Web Code: che-5162
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16-3 The Process of Speciation

Bl d.a Shedoans kng He o I I Sl 51 fxe = Yol CLEREA A Pl T ERE S 2. STt
Q & Bl 8.d. Students know reproductive or geogréphic isolkation affects speciation. 5150 7 1. frong ot e
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Guide for Reading F actors such as natural selection and chance events can
WY S ———————————; change the relative frequencies of alleles in a population.

Key Concepts But how do these changes lead to the formation of new species,

* What factors are involved in or speciation?

the formation of new species? Recall that biologists define a species as a group of organisms
* Describe the process of that breed with one another and produce fertile offspring. This

speciation in the Galdpagos means that individuals in the same species share a common

finches. gene pool. Because a population of individuals has a shared gene
Vocabulary pool, a genetic change that occurs in one individual can spread
speciation through the population as that individual and its offspring
reproductive isolation reproduce. If a genetic change increases fitness, that allele will
behavioral isolation eventually be found in many individuals of that population.

geographic isolation
temporat isolation

Reading Strategy: ISOhtmg Mechanisms

Using Visuals Before you Given this genetic definition of species, what must happen for a
read, preview Figure 16-16. species to evolve into two new species? The gene pools of two

As you read about speciation of .

Darwin’s finches, notice what populations must become separated for them to become new
happens at each step in the species. (g As new species evolve, populations become
diagram. reproductively isolated from each other. When the mem-
bers of two populations cannot interbreed and produce fertile
offspring, reproductive isolation has occurred. At that point,
the populations have separate gene pools. They respond to
natural selection or genetic drift as separate units. Reproductive
isolation can develop in a variety of ways, including behavioral
isolation, geographic isolation, and temporal isolation.

Behavioral Isolation One type of isolating mechanism,
behavioral isolation, occurs when two populations are capa-
ble of interbreeding but have differences in courtship rituals or
other reproductive strategies that involve behavior. For exam-
ple, the eastern and western meadowlarks shown in Figure
16-11 are very similar birds whose habitats
overlap in the center of the United States.
Members of the two species will not mate with
each other, however, partly because they use
different songs to attract mates. Eastern
meadowlarks will not respond to western
meadowlark songs, and vice versa.

Figure 16-11 The eastern meadowlark (left) and western
meadowlark (right) have overlapping ranges. They do not
interbreed, however, because they have different mating songs.
Applying Concepts What type of reproductive isolation does ;
this situation illustrate? . '
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Abert squirrel

Geographic Isolation With geographic isolation, two
populations are separated by geographic barriers such as rivers,
mountains, or bodies of water. The Abert squirrel in Figure 16-12,
for example, lives in the Southwest. About 10,000 years ago, the
Colorado River split the species into two separate populations.
Two separate gene pools formed. Genetic changes that appeared
in one group were not passed to the other. Natural selection
worked separately on each group and led to the formation of a
distinct subspecies, the Kaibab squirrel. The Abert and Kaibab
squirrels have very similar anatomical and physiological char-
acteristics, indicating that they are closely related. However, the
Kaibab squirrel differs from the Abert squirrel in significant
ways, such as fur coloring.

Geographic barriers do not guarantee the formation of new
species, however. Separate lakes may be linked for a time during
a flood, or a land bridge may temporarily form between islands,
enabling separated populations to mix. If two formerly sepa-
rated populations can still interbreed, they remain a single
species. Also, any potential geographic barrier may separate
certain types of organisms but not others. A large river will keep
squirrels and other small rodents apart, but it does not neces-
sarily isolate bird populations.

Temporal Isolation A third isolating mechanism is
temporal isolation, in which two or more species reproduce
at different times. For example, three similar species of orchid
all live in the same rain forest. Each species releases pollen
only on a single day. Because the three species release pollen
on different days, they cannot pollinate one another.

‘A{HECKPOINW How can temporal isolation lead to speciation?

Kaibab squirrel

A et St B
- At

0 125 250 Kilo:neters

D Range of Range of
! Kaibab squirrel Abert squirre!

Figure 16-12 3 When two
populations of a species become
reproductively isolated, new
species can develop. The Kaibab
squirrel evolved from the Abert
squirrel. The Kaibab squirrels were
isolated from the main population
by the Colorado River.
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Galapagos Islands Finches

Shape of

Head B =

and ; 7

Beak =

Common Vegetarian Large Woodpecker |Cactus ground | Sharp-beaked | Large ground
Name of tree finch insectivorous | finch finch ground finch | finch

Finch Species tree finch

Main Food Fruits Insects Insects Cacti Seeds Seeds
Feeding Parrotlike Grasping Uses cactus | Large crushing| Pointed Large
Adaptation beak beak spines beak crushing beak | crushing beak
Habitat Trees Trees Trees Ground Ground Ground

A Figure 16-13 Detailed
genetic studies have shown that
these finches evoived from a species
with a more-or-less general-purpose
beak. Formulating Hypotheses
Suggest how one of these beaks could
have resulted from natural selection.

Testing Natural Selection in Nature

Now that you know the basic mechanisms of evolutionary change,
you might wonder if these processes can be observed in nature.
The answer is yes. In fact, some of the most important studies
showing natural selection in action involve descendants of the
finches that Darwin observed in the Galdpagos Islands.

Those finch species looked so different from one another
that when Darwin first saw them, he did not realize they were
all finches. He thought they were blackbirds, warblers, and
other kinds of birds. The species he examined differed greatly
in the sizes and shapes of their beaks and in their feeding
habits, as shown in Figure 16-13. Some species fed on small
seeds, while others ate large seeds with thick shells. One
species used cactus spines to pry insects from dead wood. One
species, not shown here, even pecked at the tails of large sea
birds and drank their blood!

Once Darwin discovered that these birds were all finches, he
hypothesized that they had descended from a common ancestor.
Over time, he proposed, natural selection shaped the beaks of
different bird populations as they adapted to eat different foods.

That was a reasonable hypothesis. But was there any way to
test it? No one thought so, until the work of Peter and Rosemary
Grant from Princeton University proved otherwise. For more
than twenty years, the Grants, shown in Figure 16-14, have been
collaborating to band and measure finches on the Galapagos
Islands. They realized that Darwin’s hypothesis relied on two
testable assumptions. First, in order for beak size and shape to
evolve, there must be enough heritable variation in those traits to
provide raw material for natural selection. Second, differences in
beak size and shape must produce differences in fitness that
cause natural selection to occur.

(Go nline

For: Links on
speciation

Visit: www.SciLinks.org

Waeb Code: cbn-5163

C[ INKS
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The Grants tested these hypotheses on the medium ground
finch on Daphne Major, one of the Galdpagos Islands. This
island is large enough to support good-sized finch populations,
yet small enough to enable the Grants to catch and identify
nearly every bird belonging to the species under study.

Variation The Grants first identified and measured as many
individual birds as possible on the island. They recorded
which birds were still living and which had died, which
~ had succeeded in breeding and which had not. For
each individual, they also recorded anatomical
characteristics such as wing length, leg length, beak
length, beak depth, beak color, feather colors, and
total mass. Many of these characteristics appeared
in bell-shaped distributions typical of polygenic
traits. These data indicate that there is great varia-
tion of heritable traits among the Gal4pagos finches.

~ Figure 16-14
7o Peter and Rosemary
88 Grant have demon-
~ strated that natural

selection is still a
~ force in the evolution
of the Galdpagos
finches. Applying
Concepts How does
their research
demonstrate natural
selection?

Natural Selection Other researchers who had
visited the Galdpagos did not see the different finches
competing or eating different foods. During the rainy
season, when these researchers visited, there is plenty of food.
Under these conditions, finches often eat the most available
type of food. During dry-season drought, however, some foods
become scarce, and others disappear altogether. At that time,
differences in beak size can mean the difference between life
and death. To survive, birds become feeding specialists. Each
species selects the type of food its beak handles best. Birds
with big, heavy beaks, for example, select big, thick seeds that
no other species can crack open.

The Grants’ most interesting discovery was that individual
birds with different-sized beaks had different chances of survival ¥ Figure 16-15 This graph
during a drought. When food for the finches was scarce, individ- shows the survival rate of one
uals with the largest beaks were more likely to survive, as shown e ground-feec}mg finches,

: . . . . the medium ground finch,

in Figure 16-15. Bealf size also plays a role in matll}g behavior, Geospiza fortis. Using Tables and
because big-beaked birds tend to mate with other big-beaked Graphs What trend does this graph
birds. The Grants observed that average beak size in that show?

finch population increased dramatically over time. This ;
change in beak size is an example of directional selection Bird Survival Based on Beak Size |
operating on an anatomical trait. ,

By documenting natural selection in the wild, the 50— Wi
Grants provided evidence of the process of evolution: The ;’

S
o
|

next generation of finches had larger beaks than did the
generation before selection had occurred. An important
result of this work was their finding that natural selection
takes place frequently—and sometimes very rapidly.
Changes in the food supply on the Galdpagos caused
measurable fluctuations in the finch populations over a
period of only decades. This is markedly different from the
slow, gradual evolution that Darwin envisioned.

W
(=]
|

N
o

—_
o

Percentage Surviving

o
|

s
7 8 9 10 11 12 13
Beak Size (mm)

(o]

géyEC§POINr; What type of natural selection did the Grants
Observe in the Galdpagos?
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|| Speciation in Darwin’s Finches
Quick View Video '

The Grants’ work demonstrates that finch beak size can be

i Discovery Sciicol Vieo To find out } changed by natural selection. If we combine this information

. more about ongoing research on the with other evolutionary concepts you have learned in this
Galapagos, view track 5 “The Galapagos chapter, we can show how natural selection can lead to specia-
Islands: A Glimpse Into the Past” on the tion. We can devise a hypothetical scenario for the evolution of
BioDetectives DVD. all Galapagos finches from a single group of founding birds.

Speciation in the Galapagos finches occurred by
founding of a new population, geographic isolation,
changes in the new population’s gene pool, reproductive
isolation, and ecological competition.

Founders Arrive Many years ago, a few finches from the
South American mainland—species A—flew or were blown to
one of the Galdpagos Islands, as shown in Figure 16-16. Finches
are small birds that do not usually fly far over open water. These
birds may have gotten lost, or they may have been blown off
course by a storm. Once they arrived on one of the islands, they
managed to survive and reproduce.

Geographic Isolation Later on, some birds from species A
crossed to another island in the Galdpagos group. Because these
birds do not usually fly over open water, they rarely move from
island to island. Thus, finch populations on the two islands were
essentially isolated from each other and no longer shared a
common gene pool.

'KCHECI(POINT; How did finches arrive in the Galdpagos Islands?

— — e Hypothesis A WH[ Hypothesis B lk’
& Analyzing Data e Lake 1 ; Lakeﬁ’ ‘

{

]

' P i

TG 5 ]

How Are These Fish Related? A :ffﬁ%/hﬁ i

A research team studied two lakes in an area that v Ay \h:'g:g t

sometimes experiences flooding. Each lake con- | b I

tained two types of similar fish: a dull brown form - i

and an iridescent gold form. The team wondered A= Possible ancestor —_— 1§

how all the fish were related, and they considered B = Contemporary brown form Shows possible f

the two hypotheses diagrammed on the right. G = Contemporary gold form line of descent a

1. Interpreting Graphics Study the two €

1 diagrams. What does hypothesis A indicate 3. Drawing Conclusions A DNA analysis showed 8
| about the ancestry of the fish in Lake 1 and Lake 2? that the brown and gold fish from Lake 1 are the

| What does hypothesis B indicate? most closely related. Which hypothesis does this (

2. Comparing and Contrasting According to the evidence support? K

: two hypotheses, what is the key difference in the 4. Asking Questions To help determine whether n

q way the brown and gold fish populations might the brown and gold fish are members of separate 1€

i have formed? species, what question might scientists ask? 2

! -t

:‘_._h_.__.___, e ———————————————————————— — e ——— ' Ty -—4J Vi
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» Figure 16-16 < Speciation in the Galapagos finches occurred
by founding of new populations, geographic isolation, gene pool
changes, reproductive isolation, and ecological competition. Small
groups of finches moved from one island to another, became reproduc-
tively isolated, and evolved into new species.

Changes in the Gene Pool Over time, populations on
~ each island became adapted to their local environments. The

o plants growing on the first island may have produced small

thin-shelled seeds, whereas the plants on the second island may
have produced larger thick-shelled seeds. On the second island,
directional selection would favor individuals with larger, heavier
beaks. These birds could crack open and eat the large seeds
more easily. Thus, birds with large beaks would be better able to
survive on the second island. Over time, natural selection would
have caused that population to evolve larger beaks, forming a
separate population, B.

Reproductive Isolation Now, imagine that a few birds
from the second island cross back to the first island. Will the
population-A birds breed with the population-B birds? Probably
not. These finches choose their mates carefully. As part of their
courtship behavior, they inspect a potential partner’s beak very
closely. Finches prefer to mate with birds that have the same-
sized beak as they do. In other words, big-beaked birds prefer to
mate with other big-beaked birds, and smaller-beaked birds
prefer to mate with other smaller-beaked birds. Because the
birds on the two islands have different-sized beaks, it is likely
that they would not choose to mate with each other. Thus,
differences in beak size, combined with mating behavior, could
lead to reproductive isolation. The gene pools of the two bird
populations remain isolated from each other—even when
individuals live together in the same place. The two populations
have now become separate species.

Ecological Competition As these two new species live
together in the same environment (the first island), they com-
pete with each other for available seeds. During the dry season,
individuals that are most different from each other have the
highest fitness. The more specialized birds have less competition
for certain kinds of seeds and other foods, and the competition
among individual finches is also reduced. Over time, species
evolve in a way that increases the differences between them. The
species-B birds on the first island may evolve into a new species, C,

Continued Evolution This process of isolation on different
islands, genetic change, and reproductive isolation probably
Tepeated itself time and time again across the entire Galapagos
island chain. Over many generations, it produced the 13 differ-
ent finch species found there today. Use the steps in this illus-
tration to explain how other Darwin finches, such as the
Vegetarian tree finch that feeds on fruit, might have evolved.

£ F
Galapagos 4
Islands
SOUTH
. AMERICA

Founders Arrive

A few finches travel from South
America to one of the islands. There,
they survive and reproduce.

Geographic Isolation

Some birds from species A cross to a
second island. The two populations no
longer share a gene pool.

Changes in the Gene Pool

Seed sizes on the second island favor
birds with larger beaks. The population
on the second island evolves into a
population, B, with larger beaks.
Eventually, populations A and B evolve
into separate species.
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Studying Evolution Since Darwin

It is useful to review and critique the strengths and weaknesses of

evolutionary theory. Darwin made bold assumptions about her-
itable variation, the age of Earth, and relationships among organ- ;
isms. New data from genetics, physics, and biochemistry could f G
have proved him wrong on many counts. They didn’t. Scientific evi- : Sf
dence supports the theory that living species descended with mod- k i
ification from common ancestors that lived in the ancient past. | b
Limitations of Research The Grants’ research clearly i
shows the effects of directional selection in nature. The Grants’ E 4 A
data also show how competition and climate change affect : : o
natural selection. The work does have limitations. For example, .
A Figure 16-17 Paleontologists while the Grants observed changes in the size of the finches’ .
study fossils to find clues about beaks, they did not observe the formation of a new species. 'y
previous life-forms. Scientists predict that as new fossils are found, they will con- .
tinue to expand our understanding of how species evolved. S

Unanswered Questions The studies of the Grants fit into an
enormous body of scientific work supporting the theory of evolu-
tion. Millions of fossils show that life has existed on Earth for more
than 3 billion years and that organisms have changed dramati-
cally over this time. These fossils form just a part of the evidence
supporting the conclusion that life has evolved. Remember that a
scientific theory is defined as a well-tested explanation that
accounts for a broad range of observations. Evolutionary theory
fits this definition. To be sure, many new discoveries have led to
new hypotheses that refine and expand Darwin’s original ideas.
No scientist suggests that all evolutionary processes are fully
understood. Many unanswered questions remain.

Why is understanding evolution important? Because evolu-
tion continues today, driving changes in the living world such as
drug resistance in bacteria and viruses, and pesticide resistance
in insects. Evolutionary theory helps us understand and
respond to these changes in ways that improve human life.

16-3 Section Assessment

.riting in Science

Summarizing
Write a paragraph that

1. @ Key Concept How is
summarizes the Grants’

4. What recent research findings

reproductive isolation related to
the formation of new species?

. Q Key Concept What type
of isolating mechanism was
important in the formation of
Galépagos finch species?

. Explain how behavior can play a
role in the evolution of species.

410 Chapter 16

support Darwin’s theory of
evolution?

. Critical Thinking Inferring

Suppose that a drought on an
island eliminates all but plants that
produce large, tough seeds. All the
finches on the island have very
small beaks. How might this
environmental change impact the
survival of this finch population?

research with Galapagos
finches. Your summary should
include the main points of the
research. Hint: The first
sentence in your summary
might state the Grants’

.hypothesis.
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problem How common are antibiotic-resistant bacteria?

 Materials

o liquid bacterial culture e forceps
e sterile swabs

" e sterile agar plate
- e glass-marking pencil
e antibiotic paper disks

e transparent tape
¢ 70% alcohol
e metric ruler

Skills Observing, Analyzing Data

Procedure §§ 5} 71 (3

‘ 0 Wash your hands thoroughly with soap and

warm water. Without opening the agar plate,
use a glass-marking pencil to draw two lines at
right angles on the bottom of the plate. This will
divide the plate into four equal areas, or quad-
rants. Label the quadrants 1 to 4, as shown.
Write your initials on the plate.

@ Wearing plastic gloves, dip a sterile swab in the

bacterial culture. Remove the cover of the agar
plate and rub the swab gently over the entire
surface of the agar. Immediately replace the
cover. Follow your teacher’s directions for
disposing of the swab.

€© Remove the cover of the agar plate again. Use
clean forceps to place an antibiotic disk on the
agar in the center of each quadrant. Replace the
cover; then tape the plate closed.

0 Place the plate upside down in the area

designated by your teacher.

O Return the forceps to your teacher for disinfec-

tion. Wipe your work surface with 70% alcohol
and a paper towel. Wash your hands well with
soap and warm water before leaving the lab.

@ After 24 hours, observe the growth of bacteria

around each antibiotic disk. Record your obser-
vations. CAUTION: Do not open the plate.

Use the metric ruler to measure the diameter of
the zone of reduced bacterial growth, called the
zone of inhibition, around each antibiotic disk.
Record the diameter of each zone of inhibition.

\‘ 3§ 7.4, 21 3.b, Bl 8.d, SilE 7.e, 3HE I.h, 3UE 1.c

Investigating Genetic Diversity in Bacteria

~ Genetic diversity can make a population of organisms more adaptable.
_ Some bacteria are able to survive in the presence of antibiotics that
- kill other bacteria. In this investigation, you will test a population of

- bacteria for the presence of antibiotic-resistant bacteria.

@) Carefully observe the zones of inhibition. Do
you see any evidence of bacterial growth there?
Record your observations. Give the used plate to
your teacher for safe disposal. Wipe your work
surface with 70% alcohol and a paper towel.
Wash your hands well with soap and warm
water before leaving the lab.

Analyze and Conclude

1. Observing How did the antibiotic disks affect
the growth of the bacteria?

2. Classifying What type of selection (directional,
stabilizing, or disruptive) occurred in this experi-
ment? Explain your answer.

3. Drawing Conclusions Did your data support
the idea that antibiotic-resistant bacteria are
common? Explain your answer.

4. Evaluating How do you know your data and
conclusion are valid? (Hint: Compare your data
and conclusion with those of other students.)

( Go Further )

Applying Concepts Investigate genetic
diversity further by using your school library
and the Internet to research the use of wild
relatives of food crops to increase genetic
variation in plants.
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Chapter 16 Study Guide

16-1 Genes and Variation
Key Concepts (’ 7 3.5, Bl 7.¢c, B! 7.¢

* In genetic terms, evolution is any change in the
relative frequency of alleles in a population.

¢ Biologists have discovered that there are two
main sources of genetic variation: mutations and
the genetic shuffling that results from sexual
reproduction.

* The number of phenotypes produced for a given
trait depends on how many genes control the
trait.

Vocabulary

gene pool, p. 394
relative frequency, p. 394
single-gene trait, p. 395
polygenic trait, p. 396

16-2 Evolution as Genetic Change

B! 7.a, Bl 7.0,
Key Concepts B 7.1, Bl 8.c

¢ Natural selection on single-gene traits can lead
to changes in allele frequencies and thus to
evolution.

* Natural selection can affect the distributions of
phenotypes in any of three ways: directional
selection, stabilizing selection, or disruptive
selection.

* In small populations, individuals that carry a
particular allele may leave more descendants
than other individuals, just by chance. Over
time, a series of chance occurrences of this type
can cause an allele to become common in a
population.

* The Hardy-Weinberg principle states that allele
frequencies in a large, randomly mating popula-
tion will remain constant if immigration, emigra-
tion, and mutation do not take place and if
natural selection does not place selective pressure
on the population.

Vocabulary

directional selection, p. 398
stabilizing selection, p. 399
disruptive selection, p. 399
genetic drift, p. 399

founder effect, p. 400
Hardy-Weinberg principle, p. 400
genetic equilibrium, p. 400

.

16-3 The Process of Speciation

Bl 8., B 8.1,
Key Concepts ; BI 8.d, BIil 1.f

* As new species evolve, populations become
reproductively isolated from each other.

* Speciation in the Galdpagos finches occurred by
founding of a new population, geographic
isolation, changes in the new population’s gene
pool, reproductive isolation, and ecological
competition.

Vocabulary

speciation, p. 404
reproductive isolation, p. 404
behavioral isolation, p. 404
geographic isolation, p. 405
temporal isolation, p. 405

Thinking Visually
Using the information in this chapter, complete
the following concept map about evolution of

populations:
Allele
Frequencies

can chzlange by

Natural
selection
Polygenic

traits

can be affected by

|
Directional \
selection :

v
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1) aptel' 16, Assessment

>
Interactive textbook with - ]Eﬂeractive
ReVi ewing Content assessment at PHSchool.com :.. Textbook/\

Choose the letter that best answers the question or 8. A change in allele frequency that results from the
completes the statement. migration of a small subgroup of a population is
called

1. The combined genetic information of all members
of a particular population forms a
a. gene pool. c. phenotype.
b. niche. d. population.

a. natural selection.
b. the Hardy-Weinberg principle.
c. the founder effect.
d. genetic equilibrium.
2. The success of an organism in surviving and
reproducing is a measure of its
a. fitness. C. speciation.
b. polygenic traits. d. gene pool.

9. A group of individuals of the same species that
interbreed make up a
a. species. c. population.
b. gene pool. d. genetic drift.

3. Traits that are controlled by more than one gene,

; 10. The evolution of Darwin’s finches is an example of
such as human height, are known as

2. single-gene traits <. recessive traits a. equilibrium. c. stabilizing selection.
: b. polygenic traits. d. dominant traits. b. speciation. d. artificial selection.
: 4. The type of selection in which individuals of ]

= average size have greater fitness than small or Understandmg Concepts

~ large individuals is called ) )

2 ; a. disruptive selection. 11. Explain what the term relative frequency means.
3 > b. stabilizing selection. Include an example in your answer.

‘ ¢. directional selection. 12. Explain why sexual reproduction is a source of
i d. genetic drift. genetic variation.

: 5. The type of selection in which individuals at one 13. Explain what determines the number of pheno-
4 end of a curve have the highest fitness is called types for a given trait.

a. stabilizing selection.

. S .
b. disruptive selection. 14. What is meant by the term single-gene trait?

: c. directional selection. 15. Why are certain polygenic traits represented by a
3 ; d. the founder effect. bell curve?
6. If coat color in a rabbit population is a polygenic 16. Define evolution in genetic terms.
trait, which process might have produced the 17. How are speciation and reproductive isolation

graph below? related?

18. How do stabilizing selection and disruptive
selection differ?

52 19. What is genetic drift? In what kinds of situations is
E E- it likely to occur?
g :E 20. What is genetic equilibrium? What conditions are
zE - required to maintain genetic equilibrium?

| Darkness of Coat I ) 21. Explain how isolation of groups can be involved in

speciation.
a. stabilizing selection
b. disruptive selection
c. directional selection
d. genetic equilibrium

22, What two testable assumptions were the basis for
Darwin’s hypothesis about the evolution of the
Galapagos finches?

23. What evidence did the work of Rosemary and
Peter Grant provide that strengthened Darwin’s
hypothesis about finch evolution in the Galdpagos

7. A random change in a small population’s allele
frequency is known as
a. a gene pool.

b Cr Islands?

. genetic drift.

c. variation. 24, Explain how the Galapagos finches may have
d. fitness. evolved.
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Chapter 16 Asse.sﬁ'm‘ent

Critical Thinking

The graph below shows data on the lengths of the beaks
of three species of Darwin’s finches. The percentage of
individuals in each category of beak length is given. Use
this information to answer questions 25-28.

Beak Length in Three Bird Species )

Species A  Species B Species C

50
40
304
201
10

0

L L 1L L
6 7 8 910111213141516171819202122
Beak Length (mm)

Birds Observed (%)

25. Interpreting Graphics What is the shortest
beak length observed in species A? About what
percentage of the birds of species A have this
beak length?

26. Interpreting Graphics What are the longest
beak lengths of each of the three species?

27. Interpreting Graphics What is the range of
beak lengths for the birds of species C?

28. Inferring Based on these data, what can you
infer about the sizes of the seeds eaten by each of
these species of birds?

29. Applying Concepts Suppose a rock slide
isolates a very small number of animals from the
rest of their population. How might this reproduc-
tive isolation impact the long-term survival of the
new, smaller population? (Hint: Think of the role
that genetic variation might play, both positively
and negatively.)

30. Evaluating Darwin hypothesized that natural
selection shaped the beaks of different finch
populations on the Galapagos Islands. Describe
how the Grants tested this hypothesis. Did their
data support or refute Darwin’s hypothesis? Explain.

31. Inferring How might a limited resource, such as
food, affect the survival of an individual organ-
ism? How might a severe limitation affect the
long-term survival of a species?

414 Chapter 16

32. Formulating Hypotheses A botanist identifies
two distinct species of violets growing in a field.
Also in the field are several other types of violets
that, although somewhat similar to the two
known species, appear to be new species.
Develop a hypothesis explaining how the new
species may have originated.

Viola Viola
pedatifida sagittata

Focus *4. BIG Idea 0‘

Other violets

Evolution Sometimes biologists say, “Evolution is
ecology over time.” Use what you learned in Unit 2 to
explain that statement.

“ Writing in Science
Write a summary of the ways in which natural
selection operates on polygenic traits. (Hint: Use the
graphs in Figures 16-6, 16-7, and 16-8 to help
identify the main ideas.)

Performance-Based Assessment |

In Your Community Use field guides or scientific
literature to identify a species of tree, flowering plant,
or insect in your neighborhood. Then, investigate
several examples of that species, noting the variations
that you observe. Document the variations, using
descriptive notes along with photographs or draw-
ings. Describe how the variations may have con-
tributed to the evolution of the species.

CGO @nline
- HSchesl.com:

For: An interactive self-test
Visit: PHSchool.com
Web Code: cba-5160




to

'\)) Standards Practice

Test -Taking Tip If you have trouble answering )

a question, make a mark beside it and go on.
(Do not write in this book.) You may find
information in later questions that will allow
-you to eliminate some answer choices in your

unanswered question.

...

~ Directions: Choose the letter that best answers the
question or completes the statement.

1 Which of the following conditions is likely to result
in speciation?
A random mating
B small population size
C no migrations into or out of the population
D absence of natural selection

2. Which of the following is a source of genetic
variation?
1. Mutations
. Polygenic traits
. Genetic shuffling that results from sexual
reproduction
Tonly
I'and III only
IT and III only
L 1II, and III

3. Ina population of lizards, the smallest and largest
lizards are more easily preyed upon than middle-
sized lizards. What kind of natural selection is
most likely to occur in this situation?

A genetic drift

B sexual selection

C stabilizing selection
D directional selection

4. When two species reproduce at different times,
the situation is called
A temporal isolation.
B speciation.
C temporal selection.
D geographic isolation.

5. Assituation in which a population’s allele frequen-
cies remain relatively constant is called
A genetic equilibrium.
B agene pool.
C fitness.
D genetic variation.
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Questions 6-8 Each of the lettered choices below refers
to the following numbered statements. Select the best
lettered choice. A choice may be used once, more than
once, or not at all,

A Fitness

B Single-gene trait
C Polygenic trait
D Gene pool

6. The combined genetic information of all members
of a particular population

7. Survival and reproduction of individuals best
suited to their environment

8. Characteristic of the traits that Mendel tracked in
pea plants

Questions 9-10

The graphs show the changes in crab color at one

beach.
Graph B (1990)

Graph A (1950)

3

Number of Crabs
> |
Number of Crabs

‘; ! ’ — 1 i \4’
nght Medium Dark Light Medium Dark
tan tan tan tan tan tan
Crab Body Color Crab Body Color

9. What process occurred over the 40-year period?
A artificial selection
B sexual selection
C stabilizing selection
D disruptive selection

10. Which of the following is most likely to have

caused the change in distribution?

A A new predator prefers dark-tan crabs.

B A new predator prefers light-tan crabs.

C A new beach color makes medium-tan crabs
the least visible to predators.

D A new beach color makes medium-tan crabs
the most visible to predators.
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