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	This chapter begins with the idea that we focused on as we closed the last chapter: Individuals do not evolve! Populations evolve. The overview looks at the coloration of marine snails (Lingus fascitus) to illustrate this point, and the rest of the chapter examines the change in populations over time and how these changes can be observed and measured. As in the last chapter, first read each concept to get the big picture and then go back to work on the details presented by our questions.  The Hardy-Weinberg principle is a key part of this chapter and will be discussed during lecture and illustrated during lab. Don’t lose sight of the conceptual understanding by getting lost in the details! 

If you have any problems – please sign up for extra help after school.

	Chapter 23: 

The Evolution of Populations


Chapter 23: The Evolution of Populations

OBJECTIVES:  

Population Genetics

___1. 
Explain why it is incorrect to say that individual organisms evolve. 

___2. 
Explain what is meant by "the modern synthesis." 

___3. 
Define a population and species.
___4. 
Explain how microevolutionary change can affect a gene pool. 

___5. 
State the Hardy-Weinberg theorem. 

___6.
Write the general Hardy-Weinberg equation and use it to calculate allele and genotype frequencies. 

___7. 
Explain why the Hardy-Weinberg theorem is important conceptually and historically. 

___8. 
List the conditions a population must meet to maintain Hardy-Weinberg equilibrium. 

Causes of Microevolution

___9. 
Define microevolution. 

___10. 
Define evolution at the population level. 

___11. 
Explain how genetic drift, gene flow, mutation, nonrandom mating, and natural selection can cause 
microevolution. 

___12. 
Explain the role of population size in genetic drift. 

___13. 
Distinguish between the bottleneck effect and the founder effect. 

___14. 
Explain why mutation has little quantitative effect on a large population. 

Genetic Variation, the Substrate for Natural Selection

___15. 
Explain how quantitative and discrete characters contribute to variation within a population. 

___16. 
Describe the cause of nearly all genetic variation in a population. 

___17. 
Explain how genetic variation may be preserved in a natural population. 

A Closer Look at Natural Selection as the Mechanism of Adaptive Evolution

___18. 
Distinguish between Darwinian fitness and relative fitness. 

___19. 
Describe what selection acts on and what factors contribute to the overall fitness of a genotype. 

___20. 
Describe examples of how an organism's phenotype may be influenced by the environment. 

___21. 
Describe the advantages and disadvantages of sexual reproduction. 

KEY TERMS:
bottleneck effect



Darwinian fitness




founder effect
gene flow



gene pool




genetic drift
Hardy–Weinberg formula


Hardy–Weinberg equilibrium


Hardy–Weinberg theorem
heterozygote advantage


microevolution

HYPERLINK "http://occawlonline.pearsoned.com/bookbind/pubbooks/campbell6e_awl/medialib/assets/interactivemedia/glossary/words/mwords/modernsynthesis.html" \t "definition"
s




mutation


natural selection



population genetics



population


relative fitness



species
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
WORD ROOTS:

inter- 
= between (intersexual selection: individuals of one sex are choosy in selecting their mates from 
  

   
   individuals of the other sex, also called mate choice)

intra- 
= within (intrasexual selection: a direct competition among individuals of one sex for mates)

micro- 
= small (microevolution: a change in the gene pool of a population over a succession of generations)

muta- 
= change (mutation: a change in the DNA of genes that ultimately creates genetic diversity)

poly- 
= many; morph- = form (polymorphism: the coexistence of two or more distinct forms of individuals in the same 

   population)


Guided Reading: Chapter 23
1.  Because Darwin did not know about the work of Gregor Mendel, he could not explain how organisms
pass heritable traits to their offspring. In looking at genetic variation, what are discrete characters, and what are quantitative characters?
Genetics Review:
2. What is the ultimate source of new alleles?
3. Much of the genetic variation that makes evolution possible comes through sexual reproduction. What are the three mechanisms by which sexual reproduction shuffles existing alleles?

(a)

(b)

(c)
4. Define each of the following terms:

(a) Population Genetics -


(b) Population -


(c) Species -


(d) Gene Pool -

5. The Hardy-Weinberg principle is used to describe a population that is not evolving. What does this principle state?
6. If the frequency of alleles in a population remains constant, the population is at Hardy- Weinberg equilibrium. There are five conditions for Hardy-Weinberg equilibrium. It is very important for you to know these conditions, so enter them neatly into the box below.
Conditions for Hardy-Weinberg Equilibrium

	1
	 

	2
	 

	3
	 

	4
	 

	5
	 


It is not very likely that all five of these conditions will occur, is it? Allelic frequencies change. Populations evolve. So this is an attempt to prove what evolution is by proving what it is not. This data can be tested by applying the Hardy Weinberg equation. Let’s look at how to do this. 
Equation for Hardy-Weinberg Equilibrium 
p2 + 2pq + q2 = 1
Where p2 is equal to the frequency of the homozygous dominant in the population, 2pq is equal to the frequency of all the heterozygotes in the population, and q2 is equal to the frequency of the homozygous recessive in the population.
Consider a gene locus that exists in two allelic forms, A and a, in a population. 
Let p = the frequency of A, the dominant allele
and q = the frequency of a, the recessive allele.
So,

p2 = AA, 
q2 = aa, 
2pq = Aa 
If we know the frequency of one of the alleles, we can calculate the frequency of the other allele: 

p + q = 1, so 
p = 1 – q 

q = 1 – p

7. So, here is a problem to try. Suppose in a plant population that red flowers (R) are dominant to white flowers (r). In a population of 500 individuals, 25% show the recessive phenotype. How many individuals would you expect to be homozygous dominant and heterozygous for this trait? 
8. In a population of plants, 64% exhibit the dominant flower color (red), and 36% of the plants have white flowers. What is the frequency of the dominant allele? 
(There are a couple of twists in this problem, so read and think carefully.)

9. Define microevolution.
10. What are the 2 main causes of microevolution.

(a)






(b)
11. Define genetic drift.
12. List, and briefly describe the two situations that can shrink a population down to a small enough size for genetic drift to have a large effect.

(a)


(b)
13. Discuss what is meant by heterozygote advantage, and use sickle-cell anemia as an example.
14. In evolutionary terms, fitness refers only to the ability to leave offspring and contribute to the gene pool of the next generation. It may have nothing to do with being big, or strong, or aggressive. Define relative fitness.
Chapter 23: Summary of Key Concepts

POPULATION GENETICS

· The modern evolutionary synthesis integrated Darwinian selection and Mendelian inheritance (p. 446) The modern synthesis focuses on populations as units of evolution.

· A population’s gene pool is defined by its allele frequencies (pp. 446-447) A population, a localized group of organisms belonging to the same species, is united by its gene pool, the aggregate of all alleles in the population.

· The Hardy-Weinberg theorem describes a nonevolving population (pp. 447-449, FIGURE 23.3) The frequencies of alleles in a population will remain constant if Mendelian segregation is the only process that affects the gene pool. If  p and q represent the relative frequencies of the dominant and recessive alleles of a two-allele locus, respectively, then p 2 + 2pq + q 2 = 1, where p 2 and q 2 are the frequencies of the homozygous genotypes and 2pq is the frequency of the heterozygous genotype. For Hardy-Weinberg equilibrium to apply, the population must be very large, be totally isolated, have no net mutations, show random mating, and have equal reproductive success for all individuals.

CAUSES OF MICROEVOLUTION

· Microevolution is a generation-to-generation change in a population’s allele frequencies (p. 450) Microevolution can occur when one or more of the conditions required for Hardy-Weinberg equilibrium are not met.

Activity23A:  Causes of Microevolution
· The two main causes of microevolution are genetic drift and natural selection (pp. 450-452, FIGURE 23.4, 23.5) Natural selection and chance effects, called genetic drift, can change allele frequencies. Migration and mutation also influence allele frequencies in a population.
GENETIC VARIATION, THE SUBSTRATE FOR NATURAL SELECTION

· Genetic variation occurs within and between populations (pp.453-454, FIGURE 23.7-FIGURE 23.9) Genetic variation includes individual variation in discrete and quantitative characters within a population, as well as geographic variation between populations.

· Mutation and sexual recombination generate genetic variation (pp.454-456). Most mutations have no effect or are harmful, but some are adaptive. Sexual recombination produces most of the genetic variation that makes adaptation possible in populations of sexually reproducing organisms.

Activity23B:  Genetic Variation from Sexual Recombination
· Diploidy and balanced polymorphism preserve variation (pp. 456-457, FIGURE 23.10, 23.11). Diploidy maintains a reservoir of latent variation in heterozygotes. Balanced polymorphism may maintain variation at some gene loci as a result of heterozygote advantage or frequency-dependent selection.
A CLOSER LOOK AT NATURAL SELECTION AS THE MECHANISM OF ADAPTIVE EVOLUTION

· Evolutionary fitness is the relative contribution an individual makes to the gene pool of the next generation (pp.457 -458) One genotype has a greater relative fitness than another if it leaves more descendants. Selection favors certain genotypes in a population by acting on the phenotype of individual organisms.

· The effect of selection on a varying characteristic can be directional, diversifying, or stabilizing (pp. 458-459,  FIGURE 23.12) Natural selection can favor relatively rare individuals on one end of the phenotypic range (directional selection), can favor individuals at both extremes of the range over intermediate phenotypes (diversifying selection), or can act against extreme phenotypes (stabilizing selection).

· Natural selection maintains sexual reproduction (pp. 459-460, FIGURE 23.15) Enhanced disease resistance based on genetic variation may help explain how sex can overcome its twofold disadvantage compared to asexual reproduction.

· Sexual selection may lead to pronounced secondary differences between the sexes (pp. 460-461) Sexual selection leads to the evolution of secondary sex characteristics, which can give individuals an advantage in mating.

· Natural selection cannot fashion perfect organisms (p. 461) Structures result from modified ancestral anatomy; adaptations are often compromises; the gene pool can be affected by genetic drift; and natural selection can act only on available variation.

Chapter 23 - Review Questions

___1) 
Microevolution, or evolution at its smallest scale, occurs when -

A) an individual's traits change in response to environmental factors.


B) a community of organisms changes due to the extinction of several dominant species.


C) a new species arises from an existing species.


D) a population's allele frequencies change over a span of generations.

___2) 
The ultimate source of all new alleles is -

A) mutation. 





C) genetic drift.


B) chromosomal duplication.



D) natural selection.

___3)
The frequency of homozygous dominant individuals in a population that is in Hardy-Weinberg equilibrium equals -


A) q or p

.B) p2.


C) 2pq.


D) 2p.
___4)
Which of the following terms represents the frequency of heterozygotes in a population that is in Hardy-Weinberg 
equilibrium?



A) p


B) q


C) 2pq


D) q2
___5)
Which of the following conditions would tend to make the Hardy-Weinberg equation more accurate for predicting the 
genotype frequencies of future generations in a population of a sexually reproducing species?


A) a small population size


B) little gene flow with surrounding populations


C) a tendency on the part of females to mate with the healthiest males


D) mutations that alter the gene pool

___6) 
Imagine that you are studying a very large population of moths that is isolated from gene flow. A single gene controls 
wing color. Half of the moths have white-spotted wings (genotype WW or Ww) and half of the moths have plain 
brown wings (ww). There are no new mutations, individuals mate randomly, and there is no natural selection on wing 
color. How will p, the frequency of the dominant allele, change over time?


A) p will increase; the dominant allele will eventually take over and become most common in the population.


B) p will neither increase nor decrease; it will remain more or less constant under the conditions described.


C) p will decrease because of genetic drift.


D) p will fluctuate rapidly and randomly because of genetic drift.

___7) 
The recessive allele of a gene causes cystic fibrosis. For this gene among Caucasians, p = 0.98. If a Caucasian 
population is in Hardy-Weinberg equilibrium with respect to this gene, what proportion of babies is born homozygous 
recessive, and therefore suffers cystic fibrosis?


A) 0.022 = 0.0004 




C) 0.982 = 0.9604


B) 0.02






D) 2(0.02 × 0.98) = 0.0392

___8) 
Genetic drift resulting from a disaster that drastically reduces population size is called -

A) natural selection. 




C) the bottleneck effect.


B) gene flow.





D) the founder effect.

___9) 
A population of 1,000 birds exists on a small Pacific island. Some of the birds are yellow, a characteristic determined 
by a recessive allele. The others are green, a characteristic determined by a dominant allele. A hurricane on the island 
kills most of the birds from this population. Only ten remain, and those birds all have yellow feathers. Which of the 
following statements is true?


A) Assuming that no new birds come to the island and no mutations occur, future generations of this population will 

     contain both green and yellow birds.


B) The hurricane has caused a population bottleneck and a loss of genetic diversity.


C) This situation illustrates the effect of a mutation event.


D) The ten remaining birds will mate only with each other, and this will contribute to gene flow in the population.

___10) 
Thirty people are selected for a long-term mission to colonize a planet many light years away from Earth. The mission 
is successful and the population rapidly grows to several hundred individuals. However, certain genetic diseases are 
unusually common in this group, and their gene pool is quite different from that of the Earth population they have left 
behind. Which of the following phenomena has left its mark on this population?


A) founder effect





C) high rates of mutation


B) bottleneck effect




D) natural selection

___11) 
Genetic differences between populations tend to be reduced by -

A) gene flow.





C) the founder effect.


B) mutation.





D) natural selection.
___12) 
Which sentence best describes the true nature of natural selection?


A) Only the strongest survive.


B) The strong eliminate the weak in the race for survival.


C) Organisms change by random chance.


D) Heritable traits that promote reproduction become more frequent in a population from one generation to the next.

___13) 
Which of the following will tend to produce adaptive changes in populations?


A) genetic drift





C) natural selection


B) gene flow





D) the founder effect

___14) 
A woman struggling with a bacterial illness is prescribed a month's supply of a potent antibiotic. She takes the 
antibiotic for about two weeks and feels much better. Should she save the remaining two-week supply, or should she 
continue taking the drug?


A) She should save the drug for later, because if she keeps taking it the bacteria will evolve resistance.


B) She should save the drug for use the next time the illness strikes.


C) She should save the drug because antibiotics are in short supply and she may need it to defend herself against a 

     bioterrorism incident.


D) She should continue taking the drug until her immune system can completely eliminate the infection. Otherwise 

     the remaining bacteria in her system may recover, and they will probably be resistant.

___15) 
If you had to choose, where would you rather get infected with a serious bacterial disease?


A) In a hospital, where most of the bacteria are probably already weakened by antibiotics in the environment.


B) In a livestock barn where the animals have been treated with antibiotics.


C) In a big city where antibiotics are routinely prescribed by doctors.


D) In a remote, sparsely populated area where the bacteria have not been exposed to antibiotic drugs.

___16) 
Which of the following would most quickly be eliminated by natural selection?


A) a harmful allele in an asexual, haploid population


B) a harmful recessive allele in a sexual, diploid population


C) a harmful recessive allele in a sexual, polyploid population


D) any harmful allele, regardless of the system of inheritance in a population

___17)
The sickle-cell allele produces a serious blood disease in homozygotes. Why doesn't natural selection eliminate 
this allele from all human populations?


A) Natural selection is a positive force, so it does not eliminate alleles.


B) In populations where endemic malaria is present, heterozygotes have an important advantage: They are resistant to 
     malaria and therefore are more likely to survive and produce offspring that carry the allele.


C) Mutations keep bringing the allele back into circulation.


D) Natural selection occurs very slowly, but elimination of the sickle-cell allele is expected to occur soon.

___18) 
Tay-Sachs is inherited as an autosomal recessive allele. Homozygous individuals die within the first few years of life. 
However, there is some evidence that heterozygous individuals are more resistant to tuberculosis. Which of the 
following statements about Tay-Sachs is true?


A) The allele for Tay-Sachs is selected against.


B) This situation is an example of heterozygote advantage if tuberculosis is present in a population.


C) This situation is an example of disruptive selection.


D) Heterozygotes will be more fit than either homozygote regardless of environmental conditions.

___19) 
Mothers and teachers have often said they need another pair of eyes on the backs of their heads. And another pair of 
hands would come in handy in many situations. You can imagine that these traits would have been advantageous to 
our early hunter-gatherer ancestors as well. According to sound evolutionary reasoning, what is the most likely 
explanation for why humans do not have these traits?


A) Because they actually would not be beneficial to the fitness of individuals who possessed them. Natural selection 

     always produces the most beneficial traits for a particular organism in a particular environment.


B) Because every time they have arisen before, the individual mutants bearing these traits have been killed by chance 
     events. Chance and natural selection interact.


C) Because these variations have probably never appeared in a healthy human. As tetrapods we are pretty much stuck 
     with a four-limbed, two-eyed body plan; natural selection can only edit existing variations.


D) Because humans are a relatively young species. If we stick around and adapt for long enough, it is inevitable that 

     the required adaptations will arise.

Base your answers to questions 20 and 21 on the paragraph below and on your knowledge of biology.
Desert pupfish live in springs of the American Southwest. Today there are about 30 species of pupfish, but they all evolved from a common Pleistocene ancestor. The southwestern United States was once much wetter than it is now, and the Pleistocene pupfish flourished over a wide geographic area. Over thousands of years, however, the Sierra Nevada Mountain range was pushed upward by geological forces, blocking rainfall from the Pacific Ocean. As the large lakes dried up, small groups of pupfish remained in springs and pools fed by groundwater seepage. Now, although many of these small springs still have pupfish, each population has evolved to become very different from pupfish in other springs.
___20) 
Which of the following statements represents the most probable explanation for the differences between pupfish 
populations?


A) The frequency of genotypes reached equilibrium.


B) New genes entered the population through migration.


C) The isolated populations had restricted gene pools.


D) Each new species contains all the original genotypes of the larger populations.

___21) 
The variation in gene pools between the 30 pupfish populations occurred through an evolutionary mechanism called -

A) the bottleneck effect.




C) random mating.


B) directional selection.




D) the Hardy-Weinberg equilibrium.
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