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	As you study this chapter, read several paragraphs at a time to catch the flow of ideas and understand the reasoning that is being described. In some places, the text describes a narrative or story of events that led to Darwin’s theory of evolution. Therefore, first read the narrative to absorb the big picture and then return to answer the few questions that accompany this material.  The historical perspectives presented in the chapter may be new to some of you, but Darwin and his work on evolution (Theory of Natural Selection) comprised a big part of your Living Environment biology class.

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

	Chapter 22: 
Descent with Modification


Chapter 22: Descent with Modification – A Darwinian View of Life

OBJECTIVES:  
The Historical Context for Evolutionary Theory

__1. 
State the two major points that Charles Darwin made in The Origin of Species concerning Earth's 
biota. 

__2. 
Compare and contrast Plato's philosophy of idealism and Aristotle's scala naturae. 

__3. 
Describe Carolus Linnaeus's contribution to Darwin's theory of evolution. 

__4. 
Describe Georges Cuvier's contribution to paleontology and to Darwin's theory of evolution.

__5. 
Explain how the principle of gradualism and Charles Lyell's theory of uniformitarianism 
influenced 
Darwin's ideas about evolution. 

__6. 
Describe Jean Baptiste Lamarck's model for how adaptations evolve. Explain the challenges to 
Lamarck's ideas with respect to current understandings of biology. 

The Darwinian Revolution

__7. 
Describe how Darwin used his observations from the voyage of the HMS Beagle to formulate and 
support his theory of evolution. 

__8. 
Describe how Alfred Russel Wallace influenced Darwin. 

__9. 
Explain what Darwin meant by "descent with modification." 

__10.
Explain what evidence convinced Darwin that species change over time. 

__11. 
Describe the three inferences Darwin made from his observations that led him to propose natural 
selection 
as a mechanism for evolutionary change. 

__12.
Explain how an essay by the Rev. Thomas Malthus influenced Charles Darwin. 

__13.
Distinguish between artificial selection and natural selection. 

__14. 
Explain why the population is the smallest unit that can evolve. 

Other Evidence of Evolution
__15. 
Explain how homologous structures support Darwin's theory of natural selection. Explain how 
biogeography and the fossil record support the evolutionary deductions based on homologies.

What Is Theoretical about the Darwinian View of Life?

__16. 
Explain the problem with the statement that Darwinism is "just a theory." Distinguish between the 
scientific and colloquial use of the word "theory."
KEY TERMS:

artificial selection

biogeography


descent with modification


fossil



gradualism


homologous structures

homology


paleontology


sedimentary rock


taxonomy


uniformitarianism

vestigial organs
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
WORD ROOTS:
bio- = 
life; geo- the Earth (biogeography: the study of the past and present distribution of species)
end- = 
within (endemic: a type of species that is found only in one region and nowhere else in the world)
homo- = like, resembling (homology: similarity in characteristics resulting from a shared ancestry)
paleo- = ancient (paleontology: the scientific study of fossils)
taxo- = 
arrange (taxonomy: the branch of biology concerned with naming and classifying the diverse forms of life)
vestigi- = trace (vestigial organs: structures of marginal, if any, importance to an organism; they are historical 
remnants of structures that had important functions in ancestors)
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Tamarck (evolution)

Hution (gradualism)
Linnaeus (taxonomy)

1795 Hutton proposes his theory of gradualism.
1798| Malthus publishes “Essay on the Principle of Population.”
1809 | Lamarck publishes his theory of evolution.
1830 Lyell publishes Principles of Geology.
1831-1836 | Darwin travels around the world on HMS Beagle.

1837 | Darwin begins his notebaoks on the origin of species.
1844 | Darwin writes his essay on the origin of spec

1858 Wallace sends his theory to Darwin.

1859 The Origin of Species is published.
1865 Mendel publishes inheritance papers.
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Charles Darwin - A Historical Perspective

“Great spirits have always encountered violent opposition from mediocre minds.”
- Albert Einstein
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Charles Darwin

February 12th, 1809 – April 19th, 1882
Guided Reading: Chapter 22
1. How did each of the following sources view the origin of species? 
(a) Aristotle –
(b) The Old Testament –

(c) Carolus Linnaeus –

(d) George Cuvier –

2. [image: image3.png]


Use the diagram below to help you explain the role of fossils in rock strata as a window to life in earlier times.
3.   How would Georges Cuvier have explained the appearance of the record of life shown in the rock strata?
4. What is the importance of the principle of uniformitarianism?
5. Jean-Baptiste de Lamarck proposed a mechanism for how life changes over time. Explain the two     principles of his mechanism.


(a) use and disuse:


(b) inheritance of acquired characteristics:

6. Although Lamarck’s mechanism of evolution does not explain the changes in species over time, his thinking has been influential. What is considered to be the great importance of his ideas?
7. In the first edition of The Origin of Species, Darwin did not use the word evolution. What phrase did he use instead?
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Charles Darwin proposed that the mechanism of evolution is natural selection and that it explains how adaptations arise. What are adaptations? Give two examples of adaptations and explain if Hal’s birthmark would be considered and adaptation.
 








         “Bummer of a birthmark, Hal.”

9. Use the cartoon from the previous question to help you explain the process of natural selection.
10. Let’s try to summarize Darwin’s observations that drive changes in species over time:
	Observation
	Cite an Example

	1. Variations in traits exist.
	 

	2. These variations (traits) are     inheritable.
	 

	3. Species overproduce.
	 

	4. Limited resources leads to competition and not all offspring survive.
	 



From these four observations, which two inferences did Darwin make?

(1)

(2)
11. It is important to remember that differences in heritable traits can lead to differential reproductive success. This means that the individuals who have the necessary traits to promote survival in the current environment will leave the most offspring. What can this differential reproductive success lead to over time?
12. To demonstrate your understanding of this section, complete the following sentences:

   _____________________ do not evolve.  ___________________________ evolve.
Now, take out your highlighter and mark the information in the box above. Hold these ideas firmly in your brain! Finally, if you are ever asked to explain Darwin’s theory of evolution by natural selection (a common AP essay question), do not pull out the phrase “survival of the fittest.” Instead, cite the points made in question 10 and explain the inferences that are drawn from them.
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Do pesticides cause insects to become resistant?  Label and use the diagram below to help explain your answer.

14.  What is the role of 3TC in inhibiting HIV reproduction? 
15. Explain the evolution of drug resistance to 3TC.
16. Do antibiotics cause bacteria to become resistant? (Refer to question 13 for help with this question.)
17. How does the fossil record give evidence for evolution?
18. Define homology.
19. Give examples of each of the following types of homologies:
(a) Embryological -
(b) Molecular -
20. What is meant by each of the following terms? Give an example of each.
	Term
	Examples

	Homologous Structures
	 

	Vestigal Structures
	 

	Analogous Structures
	 


21. How do homologous structures give evidence for evolution?
22. Define biogeography.
CHAPTER SUMMARY

1. Evolution is change in species over time.

2. Heritable variations exist within a population.

3. These variations can result in differential reproductive success.

4. Over generations, this can result in changes in the genetic composition of the population.
And remember: Individuals do not evolve! Populations evolve.
Chapter 22: Summary of Key Concepts

THE HISTORICAL CONTEXT FOR EVOLUTIONARY THEORY

· Western culture resisted evolutionary views of life (pp. 429-430,  FIGURE 22.1) Darwin’s theory that natural selection is responsible for evolutionary change was a radical departure from the dominant religious and philosophical climate of Western culture.

· Theories of geologic gradualism helped clear the path for evolutionary biologists (pp. 430-431, FIGURE 22.4) Geologists Hutton and Lyell perceived that changes in Earth’s surface can result from slow, continuous actions.


Activity22A:  Grand Canyon Video
· Lamarck placed fossils in an evolutionary context (p. 431) Lamarck helped pave the way for Darwin by emphasizing the interactions between organisms and their environment.

THE DARWINIAN REVOLUTION

· Field research helped Darwin frame his view of life (pp. 432-434,  FIGURES 22.5 and 22.6) Darwin’s experiences during the voyage of HMS Beagle provided much of the background for his idea that new species originate from ancestral forms by the gradual accumulation of adaptations.


Activity22B:  Darwin and the Galpagos Islands

Activity22C:  Videos of the Galpagos Islands

Activity22D: The Voyage of the Beagle: Darwin’s Trip Around the World
· The Origin of Species developed two main points: the occurrence of evolution and natural selection as its mechanism (pp. 434-437, FIGURES 22.7-22.11) Natural selection is based on differential success in reproduction, made possible because of heritable variation among the individuals of any population and the tendency for a population to produce many more offspring than the environment can support. Natural selection results in adaptation, the presence in living things of heritable traits well suited to the local environment.


Activity22E:  Evolutionary Adaptation: Sea Horse Camouflage Video
· Examples of natural selection provide evidence of evolution (pp. 437-438, FIGURES 22.12, 22.13) Natural selection and the adaptive evolution it causes are observable phenomena.
· Other evidence of evolution pervades biology (pp. 438-441, FIGURES 22.14-22.17) Evolution is validated by evidence from homologies, similarities between species that are due to common ancestry. Biogeography and the fossil record generally support the evolutionary deductions based on homologies.


Activity22F:  Reconstructing Forelimbs
· What is theoretical about the Darwinian view of life? (pp. 441-442, FIGURE 22.18) Darwin’s theory of natural selection unified biology and placed it in the realm of science.
Chapter 22 - Review Questions
___1) 
The core theme of biology, which explains both the unity and diversity of life, is -

A) genetics. 





C) evolution.


B) ecology.





D) metabolism.

___2) 
Aristotle believed that -

A) species evolve through natural selection and other mechanisms.


B) an individual's use of a body part causes it to further evolve.


C) species are fixed (permanent) and perfect.


D) the best evidence for change within species is seen in fossils.

___3)
The scala naturae, or hierarchy of nature, is based on the ideas of -

  
A) Darwin. 





C) Aristotle.

 
B) Lamarck. 





D) Lyell. 

___4)
At the time Darwin voyaged on HMS Beagle, the popularly accepted theory in Europe that explained the origin of 
Earth's plants and animals held that the various species -

  
A) arose continually from nonliving materials by spontaneous generation. 


B) had been created by divine intervention a few thousand years before. 

 
C) had evolved from now extinct organisms. 

 
D) arose from a single species that had survived the biblical flood. 

___5)
The modern idea of mass extinction was anticipated in the early 19th century writings of -

  
A) Cuvier. 





C) Wallace.


B) Lamarck. 





D) Lyell. 

___6) 
Darwin found that many of the species on the Galápagos islands - 


A) resembled species on the nearest mainland.


B) resembled species in Europe.


C) resembled species from Australia.


D) were identical to South American species.

___7) 
Lyell's book Principles of Geology, which Darwin read on board the H.M.S. Beagle, argued in favor of which of the 
following concepts?


A) Earth's surface is shaped mainly by occasional catastrophic events.


B) Meteorite impacts may have been a major cause of periodic mass extinctions.


C) Earth's surface is shaped by natural forces that act gradually and are still acting.


D) The processes that shape Earth today are very different from those that were at work in the past.

___8) 
Who developed a theory of evolution almost identical to Darwin's?


A) Lyell 





C) Aristotle


B) Wallace





D) Lamarck

___9) 
Which of the following statements would Darwin have disagreed with?


A) Species change over time.


B) Living species have arisen from earlier life forms.


C) Descent with modification occurs through inheritance of acquired characteristics.


D) Descent with modification occurs by natural selection.

___10) 
Which of the following best expresses the concept of natural selection?


A) differential reproductive success based on inherited characteristics


B) inheritance of acquired characteristics


C) change in response to need


D) a process of constant improvement, leading eventually to perfection

___11) 
Which of the following thinkers argued that much of human suffering was the result of human populations increasing 
faster than food supply, an argument that later influenced Charles Darwin's ideas of natural selection?


A) Charles Lyell 





C) Jean-Baptiste Lamarck


B) Thomas Malthus




D) Gregor Mendel

___12)
An adaptation is - 
  
A) an individual's attempt to conform to its environment. 


B) a trait that confers a reproductive advantage on the individual possessing it. 


C) a variable allele that changes expression in response to the environment. 


D) a trait that is seldom expressed. 

___13)
A challenge to traditional (pre-1860) ideas about species came from embryology, where it was discovered that -
  
A) the more advanced the animal, the more slowly it develops. 

 
B) embryos of dissimilar organisms, such as sharks and humans, resemble each other. 


C) mutations have a far more dramatic effect on embryos than on adult organisms. 

 
D) all animals develop similar embryonic gills. 

___14) 
A dog breeder wishes to develop a breed that does not bark. She starts with a diverse mixture of dogs. Generation after 
generation, she allows only the quietest dogs to breed. After 30 years of work she has a new breed of dog with 
interesting traits, but on average, the dogs still bark at about the same rate as other dog breeds. Which of the following 
would be a logical explanation for her failure?


A) There is no variation for the trait (barking).


B) The tendency to bark is not a heritable trait.


C) The selection was artificial, not natural, so it did not produce evolutionary change.


D) There was no selection (differential reproductive success) related to barking behavior.

___15) 
Which of the following statements regarding natural selection is false?


A) Natural selection depends on the local environment at the current time.


B) Natural selection starts with the creation of new alleles that are directed toward improving an organism's fitness.


C) Natural selection and evolutionary change can occur in a short period of time (a few generations).


D) Natural selection can be observed working in organisms alive today.

___16) 
Which of the following would prevent an organism from becoming part of the fossil record when it dies?


A) It is fully decomposed by bacteria and fungi.


B) It is buried in fine sediments at the bottom of a lake.


C) It gets trapped in sap.


D) It is frozen in ice.

___17)
The science of classifying organisms is called -
   
A) biology. 





C) genetics. 


B) taxonomy. 





D) gradualism.
___18) 
Which of the following disciplines has found evidence for evolution based on the native distributions (locations) of 
living species?


A) molecular biology 




C) biogeography


B) comparative anatomy




D) paleontology

___19) 
Humans share several features with salamanders. Certain genes and proteins are nearly identical between the two 
species; both species have four limbs with a similar skeletal structure; the species' early embryos are very similar; and 
where the salamander has a functional tail, humans have a vestigial tailbone. In evolutionary terms, these are 
examples of -

A) biogeographic similarity. 



C) adaptation by natural selection.


B) homology.





D) coincidental similarity.

___20) 
Which of the following represents a pair of homologous structures?


A) the wing of a bat and the scales of a fish


B) the wing of a bat and the flipper of a whale


C) the antennae of an insect and the eyes of a bird


D) the wing of a bat and the wing of a butterfly

___21) 
What evidence is used to determine the branching sequence of an evolutionary tree?


A) experiments in artificial selection


B) anatomical or molecular homologous structures


C) the genetic code


D) as overall assessment of general similarities between organisms

___22) 
Darwin was the first person to draw an evolutionary tree, a diagram that represents -

A) records of breeding in domesticated animals.


B) records of lineages in humans (also known as a family tree).


C) evidence-based hypotheses regarding our understanding of patterns of evolutionary descent.


D) groupings of organisms based on overall similarity.

___23
"Natural selection" and "evolution" are two terms that are sometimes confused, even by freshman biology students. 
What is the relation between natural selection and evolution?
  
A) They are the same thing. 

 
B) Any phenomenon that causes evolution is natural selection. 

 
C) Natural selection is one of several causes of evolution. 

 
D) When natural selection is occurring, evolution is not, and vice versa. 
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