Unit IV:  The Mechanisms of Evolution

Chapter 22, Descent with Modification:  A Darwinian View of Life:  The Darwinian revolution challenged traditional views of a young Earth inhabited by unchanging species; In The Origin of Species, Darwin proposed that species change through natural selection; Darwin’s theory explains a wide range of observations.


Questions you should be able to answer:

1. Explain the mechanism for evolutionary change proposed by Charles Darwin in On the Origin of Species.
2. Describe the theories of catastrophism, gradualism, and uniformitarianism.

3. Explain the mechanism for evolutionary change proposed by Jean-Baptiste de Lamarck. Explain why modern biology has rejected Lamarck’s theories.

4. Describe how Darwin’s observations on the voyage of the HMS Beagle led him to formulate and support his theory of evolution.

5. Explain how the principle of gradualism and Charles Lyell’s theory of uniformitarianism influenced Darwin’s ideas about evolution.

6. Explain what Darwin meant by “descent with modification.”

7. Explain what evidence convinced Darwin that species change over time.

8. Describe the three inferences Darwin made from his observations that led him to propose natural selection as a mechanism for evolutionary change.

9. Explain how an essay by the Rev. Thomas Malthus influenced Charles Darwin.

10. Explain why an individual organism cannot evolve.

11. Explain how the existence of homologous and vestigial structures can be explained by Darwin’s theory of natural selection.

12. Explain how evidence from biogeography supports the theory of evolution by natural selection.

13. What types of evidence support an evolutionary view of life?

Major themes addressed in the chapter:

1. Science as a process.  Explain how John Endler and David Reznick were able to study and witness evolution in action.

2. Evolution.  Describe some of the main points that contributed to Darwin’s theory of evolution.

3. Energy transfer.  How can the idea of energy transfer be related to the theory of evolution?  What is it about the energy transfer that can exacerbate the struggle for existence?

4. Continuity and change.  How does the theory of evolution explain continuity and change of populations over time?

5. Interdependence in nature.  Can Darwin’s theory of evolution be used to describe patterns in nature?  Explain.

6. Relationship of structure to function.  How can the relationship of structure to function be used to explain Darwin’s theory of evolution?

7. STS.  School districts in several states have been criticized by groups demanding that science classes give “equal time” to alternative, usually fundamentalist Christian, interpretations of the origin and history of life.  They argue that it is only fair to let students evaluate both evolution and the idea that all species were created by God as the Bible relates.  Do you think religious views about the origin of species should receive the same emphasis as evolution in science courses?  Why or why not?

Chapter 23, The Evolution of Populations:  Population genetics provides a foundation for studying  evolution; Mutation and sexual recombination produce the variation that makes evolution possible; Natural selection, genetic drift, and gene flow can alter a population’s genetic composition; Natural selection is the primary mechanism of adaptive evolution.


Questions you should be able to answer:
1. Explain the statement “It is the population, not the individual, that evolves.”

2. Explain what is meant by “the modern synthesis.”

3. List the five conditions that must be met for a population to remain in Hardy-Weinberg equilibrium.

4. Write the Hardy-Weinberg equation. Use the equation to calculate allele frequencies when the frequency of homozygous recessive individuals in a population is 25%.

5. Explain why the majority of point mutations are harmless.

6. Describe the significance of transposons in the generation of genetic variability.

7. Explain how sexual recombination generates genetic variability.

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

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

10. What is the role of natural selection in the process of evolution?

11. How are heredity and natural selection involved in the process of evolution?

12. What different patterns of evolution have been identified and what mechanisms are responsible for each of these patterns?

Major themes addressed in the chapter:

1. Science as a process.  Explain how science has added to Darwin’s initial idea of evolution by natural selection.

2. Evolution.  Explain how a population can evolve over time.

3. Continuity and change.  Explain how stabilizing selection can help to maintain the continuity of a particular phenotype, whereas disruptive selection can contribute to change.

4. Interdependence in nature.  Organisms rarely exist alone in nature.  Explain how the existence of Plasmodium falciparum, (the organism that causes malaria) has influenced the prevalence of the allele for sickle-cell anemia.  

5. Relationship of structure to function.  How can evolution be used to explain the relationship of structure to function?

6. STS.  To what extent are humans living in a technological society exempt from natural selection?  Justify your answer.

Chapter 24 The Origin of Species:  The biological species concept emphasizes reproductive isolation; Speciation can take place with or without geographic separation; Macroevolutionary changes can accumulate through many speciation events.


Questions you should be able to answer:
1. Define Ernst Mayr’s biological species concept.

2. Explain a possible cause for reduced hybrid viability.

3. Explain how hybrid breakdown maintains separate species even if fertilization occurs.

4. Describe some limitations of the biological species concept.

5. Distinguish between allopatric and sympatric speciation.

6. Explain the allopatric speciation model, give an example, and describe the mechanisms that may lead to divergence of isolated gene pools.

7. Explain the sympatric speciation model, give an example, and describe the mechanisms that may lead to divergence of isolated gene pools.

8. Define adaptive radiation and describe the circumstances under which adaptive radiation may occur.

9. Describe examples of adaptive radiation in the Galápagos and Hawaiian archipelagoes.

10. Define sympatric speciation and explain how polyploidy can cause reproductive isolation.

11. Explain why extracting a single evolutionary progression from a fossil record can be misleading.

12. Explain why evolutionary change is not goal-directed.

13. What mechanisms account for speciation and macroevolution?

Major themes addressed in the chapter:

1. Evolution.  Explain what is meant by the phrase, “Evolution is not goal oriented.”

2. Continuity and change.  Although a species may appear to remain unchanged over time, explain how microevolution can be used to explain macroevolution.

3. Interdependence in nature.  How is the biological species concept used to clearly define differences between organisms in nature?

4. Relationship of structure to function.  Using the eye as an example, how has evolution contributed to the relationship of structure to function?

5. STS.  The red wolf, Canis rufus, formerly widespread in the southeastern and southcentral U.S., nearly became extinct in the late 1970’s.  Saved by a captive breeding program under the authority of the Endangered Species Act (ESA), it has been reintroduced in areas such as the Great Smoky Mountains National Park.  Recent genetic evidence indicates that the red wolf may not be a separate species, but a hybrid of the coyote, Canis latrans, and the gray wolf, Canis lupus.  Though the original intent of the ESA was to protect all endangered groups—whether species, subspecies, or hybrids—the costs may be prohibitive.  What criteria should be applied if we must decide which organisms to protect?  Are there reasons to preserve hybrids, subspecies, or local populations of species when the species as a while is not at risk?

Chapter 25, Phylogeny and Systematics:  Phylogenies are based on common ancestries inferred from fossil, morphological, and molecular evidence; Phylogenetic systematics connects classification with evolutionary history; Phylogenetic systematics informs the construction of phylogenetic trees based on shared characters; Much of an organism’s evolutionary history is documented in its genome; Molecular clocks help track evolutionary time.


Questions you should be able to answer:
1. Distinguish between phylogeny and systematics.

2. Describe the process of sedimentation and the formation of fossils. Explain which portions of organisms are most likely to fossilize.

3. Explain why it is crucial to distinguish between homology and analogy before selecting characters to use in the reconstruction of phylogeny.

4. Explain why bird and bat wings are homologous as vertebrate forelimbs but analogous as wings.

Explain the following characteristics of the Linnaean system of classification:

a. binomial nomenclature

b. hierarchical classification

5. List the major taxonomic categories from most to least inclusive.

6. Define a clade. Distinguish between a monophyletic clade and paraphyletic and polyphyletic groupings of species.

7. Distinguish between shared primitive characters and shared derived characters.

8. Explain how outgroup comparison can be used to distinguish between shared primitive characters and shared derived characters.

9. Distinguish between a phylogram and an ultrameric tree.

10. Discuss how systematists use the principles of maximum parsimony and maximum likelihood in reconstructing phylogenies.

11. Explain why any phylogenetic diagram represents a hypothesis about evolutionary relationships among organisms.

12. Distinguish between orthologous and paralogous genes. Explain how gene duplication has led to families of paralogous genes.

13. Explain how molecular clocks are used to determine the approximate time of key evolutionary events. Explain how molecular clocks are calibrated in actual time.

14. Describe some of the limitations of molecular clocks.

15. Explain how scientists determined the approximate time when HIV-1 M first infected humans.

16. How do scientists study evolutionary relationships among organisms?

17. How is this information used in classification of organisms?

Major themes addressed in the chapter:

1. Science as a process.  How does the process of constructing a phylogeny help to explain the relatedness of certain organisms?

2. Evolution.  Describe the evidence that suggests there is a universal tree of life.

3. Relationship of structure to function.  Even though the structure of a bat’s wing and a bird’s wing appear to be related because they have a similar function, careful examination of the structure reveals otherwise.  That is, a thorough investigation of a bat’s wing compared to that of a bird reveal a different evolutionary lineage between the two structures.  Explain.

4. STS.  The ability to compare genomes has opened up new avenues in medical research.  Because humans and mice share so many orthologous genes, it is possible to infer gene function in humans by “knocking out” the corresponding genes in mice (orthologous genes are homologous genes that are passed in a straight line from one generation to the text, but have ended up in different gene pools because of speciation).  What medical applications might such research lead to?  What might be the consequences of these discoveries to society?

