
Name _____________________          13 How Populations Evolve   Test Date _________
                   Study Guide
You must know:  

•  How Lamarck’s view of the mechanism of evolution differed from Darwin’s.
•  Several examples of evidence for evolution.
•  The difference between homologous and analogous structures and and how they relate to evolution.
•  The role of adaptations, variation, time, reproductive success, and heritability in evolution.
•  How mutation and sexual reproduction each produce genetic variation.
•  The conditions for Hardy-Weinberg Equilibrium.
•  How to use the H-W equation to calculate allelic frequencies and to test whether a population is evolving.
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1. Complete the data table below to review some of the major individuals in the study of evolution and their ideas.

Theory Proponent

A.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin

1

Discovery of the Creator’s plan through the 
classification of speciesA.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin

2
History of Earth marked by floods or 
droughts that resulted in extinctions

A.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin

3
Early explanation of mechanims of evolution

A.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin

4
Profound change is the culmulative product 
of slow but continuous processes

A.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin

5
Fixed species on a continuum from simple to 
complex

A.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin
6

Different reproductive success leads to 
adapation to environment and evolution

A.  catastrophism

B. inheritance of acquired 
     characteritics

C. gradualism

D. natural selection

E. natural theology

F.  scale of nature

G. uniformitarianism

a. Aristotle 

b. Cuvier 

c. Hutton 

d. Lamarck 

e.  Linnaeus 

f.  Lyell 

g. Darwin

7
Geological processes have constant rates 
throughout time

 Now Place 1 through 7 in chronological order:

  ________ ________ ________ ________ ________ ________ ________

2. There are other kinds of evidence for evolution besides fossils. Name the category of evidence to which each of the following 
 examples belongs.

Category Example

___________________ 1 Fertilized eggs of earthworms, insects, and snails all go through the same pattern of cell division.

___________________ 2 The DNA of humans and chimpanzees is about 98% identical.

___________________ 3 Remains of upright-walking but small-brained apes have been found in Africa.

___________________ 4 All animals with backbones have 12 pairs of nerves extending from the brain.

___________________ 5 A protein called albumin is very similar in dogs and wolves, less similar in dogs and cats.

___________________ 6 The farther an island is from the mainland, the more different its plants and animals are.

___________________ 7 Animals called trilobites were common in the oceans 300 million years ago, but they have been 
extinct for millions of years.

3. Review selection and population genetics by completing the following story.

  If you think that the more you mow your lawn, the meaner the weeds get, you may be right. Researchers have found that in 
 lawns that are mown regularly, the dandelions fight back! Of course, dandelions don't "know" what they are doing. But the 
 dandelions in a regularly mown lawn reproduce faster than their ancestors in more "natural" environments.
   1_____________________ the English scientist who first devised the theory of 2_____________________ would have 
 explained it this way: Not all dandelions are alike; they 3_____________________ in color, size, and rate of maturation. Many of 
 these characteristics are 4_____________________, or passed on to offspring. Every dandelion flower is capable of producing 
 hundreds, perhaps thousands, of white-tufted seeds in a season. This constitutes an 5_____________________ of offspring, 
 because 6_____________________ are limited; not every dandelion seed will find just the right environment in which to grow. 
 Darwin speculated that those individuals whose inherited characteristics 7_____________________ them best to their environment 
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 would be more likely to 8_____________________ and 9_____________________ than less 10_____________________ 
 individuals. Their type would become more common in the next generation. Darwin called this phenomenon 1
 1_____________________.  Examples of this are seen among 12_____________________ and moths in Britain. Those whose 
 coloration protects them best from predation leave more descendants. Favored traits are represented more and more and 
 unfavorable ones less and less in succeeding generations. Reproduction is central to natural selection; in fact, natural selection can 
 be defined as 13_____________________ success in reproduction.
  Natural selection is at work when you mow the lawn. It might be helpful to discuss the dandelions in terms of 
 14_____________________ genetics, the study of how genes affect population changes. The dandelions in your lawn make up a 
 15_____________________, a group of individuals of the same species. The species is all dandelions, the group of populations 
 whose individuals can interbreed. Depending on where you live, your lawn may be more or less 16_____________________from 
 other dandelion populations. Through some quirk of nature, dandelions only reproduce asexually, even though they continue to 
 produce nectar and pollen. So unlike most other flowers, dandelions in your lawn cannot cross-pollinate with other populations, 
 although seeds may blow in from elsewhere, and seeds from your lawn might blow across town.
  The characteristics of dandelions - color, height, shape of root system, and so on - are dictated by their genes. All the genes in 
 the dandelion population make up the 17_____________________. Apparently, the height of dandelions when they mature and 
 produce seed and how long it takes to do this are controlled by genes, and these traits can vary from dandelion to dandelion. If you 
 mow the lawn often enough, the slower-growing, taller dandelions get lopped off before they can produce any seeds. In terms of 
 reproductive success, these dandelions are the less 18_____________________individuals in the population. Since they don't 
 produce many offspring, this slow type will not be as numerous in the next generation, and their 19_____________________will 
 make up a smaller proportion of the gene pool. On the other hand, dandelions that don't have to grow as tall or take as long to 
 produce seed can reproduce between mowings. Their genes, and their fast-growing traits, will be better represented in the next 
 generation. Such a small change in the frequencies of alleles in the gene pool is called 20_____________________
  This story illustrates a familiar example of natural selection. Over time, the shorter, faster-growing dandelions will 
 predominate in the lawn. Note that natural selection involves differences between individuals, but individual dandelions do not 
 evolve. An individual does not change its growth rate. But because there is variation in the survival and reproduction of individuals 
 with different characteristics, the 21_____________________does evolve.

4.  Summarize in your own words Darwin's theory of natural selection as the mechanism of evolution.  

 
 How is this different from Lamarck’s theory of acquired characteristics?

 If Darwin had never lived, would the theory of natural selection have ever been discovered?  Explain your answer
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5. Imagine a population of 100 annual wildflowers, some red and some yellow. The red allele, R, is dominant; the yellow allele, r, is 
 recessive. There are 36 RR plants in the population, 48 Rr plants, and 16 rr (yellow) plants. If the population is at Hardy-Weinberg 
 equilibrium, what will be the frequencies of the various genotypes and the frequencies of the two alleles, R and r, in the next 
 generation? 

 First, figure out genotype frequencies for the current generation:

A Phenotypes Red Red Yellow

B Genotypes _____ _____ _____

C Number of plants (total 100) _____ _____ _____

D Genotype frequencies
(number of genotypes / 100)

_____ _____ _____

Next, figure out the frequencies of R and r alleles in the gene pool:Next, figure out the frequencies of R and r alleles in the gene pool:Next, figure out the frequencies of R and r alleles in the gene pool:Next, figure out the frequencies of R and r alleles in the gene pool:Next, figure out the frequencies of R and r alleles in the gene pool:

E Number of R alleles in gene pool _____ _____ _____

F Number of r alleles in gene pool _____ _____ _____

G Allele frequencies
(number of R alleles / 200  or
or number of r alleles/200) Frequency of R: p = _____Frequency of R: p = _____ Frequency of r: q = _____

Now you know the frequency of R and r gametes these plants will produce:Now you know the frequency of R and r gametes these plants will produce:Now you know the frequency of R and r gametes these plants will produce:Now you know the frequency of R and r gametes these plants will produce:Now you know the frequency of R and r gametes these plants will produce:

H Gamete Frequencies
(= allele frequencies)

Frequency of R: _____Frequency of R: _____ Frequency of r: _____

 Now you can use the rule of multiplication to calculate the frequencies of the three possible genotypes of plants in the second 
 generation:

R egg
p = 0.6

r egg
q = 0.4

R 
pollen
p = 0.6

r 
pollen
q = 0.4

I Phenotype Red Red Yellow

J Genotype _____ _____ _____

K Genotype Frequencies _____ _____ _____

Now you can figure out the frequencies of R and r alleles in the gene pool for the second generation (assuming the population stays at 
100 individuals):

L Number of R alleles in gene pool _____ _____ _____

J Number of r alleles in gene pool _____ _____ _____

K Allele frequencies
(number of R alleles / 200  or
or number of r alleles/200) Frequency of R: p = _____Frequency of R: p = _____ Frequency of r: q = _____

O   What happened to the genotype and allele frequencies in the second generation?

 What would you predict for the third generation?  Explain why.
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6.  In a population of 200 mice, 98 are homozygous dominant for brown coat color (BB), 84 are heterozygous (Bb), and 18 are 
 homozygous recessive (bb).

 The allele frequencies of this population are 

  ______ B allele  ______ b allele

 The genotype frequencies of this population are 

  ______ BB   ______ Bb   ______ bb

7.  Use the allele frequencies you determined in question 1 to predict the genotype frequencies of the next generation.

 Frequencies of

  B (p) = ______        b (q) = ______ BB (p2)______     Bb (2pq) = ______    bb (q2) = ______

8.  Practice using the Hardy-Weinberg equation so that you can easily determine genotype frequencies from allele frequencies and vice 
 versa.

 The allele frequencies in a population are A = 0.6 and a = 0.4. 

  Predict the genotype frequencies for the next generation.

   AA ______    Aa ______    aa ______

 What would the allele frequencies be for the generation you predicted above in a?

   A ______  a ______

 Suppose that one gene locus determines stripe pattern in skunks. SS skunks have two broad stripes; Ss skunks have two narrow 
 stripes; ss skunks have white speckles down their backs. A sampling of a population of skunks found 65 broad-striped skunks, 14 
 narrow-striped, and 1 speckled. Determine the allele frequencies.

   S ______   s ______

9. What is a major source of genetic variation for bacteria and microorganisms?

 What is the major source of genetic variation for plants and animals?

 Explain why your answers to a and b are different.

10. Why is the highly deleterious sickle-cell allele still present in the gene pool of the U.S. population?

 Why is this allele at such a relatively high frequency in the gene pool of some African populations? 
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11. Sketch a graph for each of the types of selection listed below:

 Stabilizing Selection

 Directional Selection

 Diversifying Selection

12. Name the five conditions necessary for a population to remain in Hardy-Weinberg genetic equilibrium.

13. The Hardy-Weinberg equilibrium is an idealized model. Equilibrium is maintained only if five conditions are met. This happens 
 only in the fertile imaginations of biologists, not in real populations. Real populations always deviate from one or more of  the 
 conditions, and their gene pools change over time. The Hardy-Weinberg equilibrium is nevertheless a useful standard to compare 
 real populations whose gene pools are changing.
 Let's continue to look at the wildflower population introduced in Question 5. If it is like other real populations, its gene pool 
 is changing. For each of the scenarios below, state which of the Hardy-Weinberg conditions the population deviates from, and 
 explain what agent of microevolution causes the gene pool to change. Also state which of these deviations would cause the flowers 
 to adapt to their environment.

  1.  A windstorm blows in hundreds of seeds from a nearby meadow, where nearly all the flowers are yellow.

  2.  A cosmic ray hits one of the red flowers just as a developing egg cell is replicating its DNA. Quite by chance, a red allele 
   is transformed into a yellow allele.

  3.  The flowers tend to grow in red or yellow patches. A landslide buries and kills a huge patch of red flowers.

  4.  The red pigment in the petals of the red flowers is poisonous and tends to protect them from beetles that eat the 
   developing seeds. The yellow flowers are not protected in this way.

  5.  The bees that pollinate the flowers tend to develop a "search image." Once they start visiting flowers of a certain color, 
   they stick to that color. So pollen from red flowers is more likely to be delivered to other red flowers, and pollen from 
   yellow flowers is more likely to fertilize other yellow flowers.
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