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Chapter 23 Active Reading Guide  

Broad Patterns of Evolution 
 

Overview  
1. In the last chapter, you were asked about macroevolution. To begin this chapter, 

give some examples of macroevolution. Include at least one novel example not in 
your text.  
 Examples of macroevolution include the emergence of terrestrial vertebrates through a series 

of speciation events, the impact of mass extinctions on the diversity of life and the origin of 
key adaptations, such as flight in birds. Another example of macroevolution is Drosophila 
Melanogaster. 

Section 1  
2. In what type of rock are fossils found? Sedimentary Rocks. 
 
3. What do we not know from analyzing rock strata?  

 We do not know their actual (absolute) ages. 

4. Rocks and fossils are dated in several ways. Relative dating uses the order of rock 
strata to determine the relative age of fossils. Radiometric dating uses the decay of 
radioactive isotopes to determine the age of the rocks or fossils. It is based on the 
rate of decay, or half-life of the isotope. To determine the absolute age of a fossil, 
radiometric dating is used. Use Figure 23.3 to explain the concept of radiometric 
dating.  
 Radiometric dating is based on the decay of radioactive isotopes. In this process a radioactive 

“parent” isotopes decays to “daughter” isotope at a characteristic rate. The rate of decay is 

expressed by the half life, the time required for 50% of the parent isotope to decay. Each type 
of radioactive isotope has a characteristic half life, which is not affected by temperature, 

pressure, or other environmental variables. 

 
5. What is the age range for which carbon-14 dating may be used?  

 Fossils up to 75000 years. 

6. To date fossils outside the rage of carbon-14 dating, researchers use indirect 
methods of establishing absolute fossil age. Explain how this could be done using 
radioisotopes with longer half-lives. 
 An indirect method can be used to infer the age of fossils that are sandwiched between two 

layers of volcanic rocks. As lava cools into volcanic rock, radioisotopes from the surrounding 

environment become trapped in the newly formed rock. Some of the trapped radioisotopes 

have long half lives, allowing geologists to estimate the ages of ancient volcano rocks. If two 

volcanic layers surrounding fossils are determined to be 525 million and 535 million years old, 

for example, then the fossils are 530 million years old. 

7. What are three groups of tetrapods?  
 Three groups  of tetrapods are: amphibians, reptiles and mammals 
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8. Cite three ways of distinguishing mammal fossils from the other two groups 

of tetrapods.  

1. The lower jaw is composed of one bone in mammals but of several bones in other 

tetrapods. 

2. Mammals have a unique set of three bones in the middle ear ( the hammer, anvil and 

the stirrup); other tetrapoids have only the stirrup. 

3. Teeth in mammals are differentiated into incisors, canines, premolars and molars, 

whereas other tetrapods have undifferentiated, single-pointed teeth. 

Section 2  
9. If you have not studied geology, you will find this concept introduces a 

fascinating look at the changes in our planet as explained by continental drift. 
Define continental drift. How can continents move?  
 According to the theory of plate tectonics, the continents are part of great plates of Earth’s 

crust that essentially float on the hot , underlying portion of the mantle. Movements in the 
mantle cause the plates to move over time in a process called continental drift. 

10. Using Figure 23.8, where was India 65 million years ago?  
 65 million years ago India had not yet crashed into “Eurasia” forming the Himalayan Mountains. 

11. See if you can answer each of these short questions (google):   
a. What is the San Andreas Fault?  
 It marks the boundary between the pacific and North American plates. 

b. What caused the uplift of the Himalayas?  
 India crashed into “ Eurasia” forming the Himalayan Mountains 
c. How can a fossil freshwater reptile be found in both Brazil and West 

Africa, areas separated today by a wide expanse of ocean?  

 This is an indication that at the time this reptile flourished, the South American and 

African plates had not yet spread apart. 

d. Why are no eutherians (placental) mammals indigenous to Australia?  
 The rise of placental mammals must have occurred after Australia broke away from the 

Southern land mass. At the time of this spread, only marsupial mammals were found. 

12. A mass extinction is the loss of large numbers of species in a short period, 
caused by global environmental changes. What caused the Permian mass 
extinction 250 million years ago (mya)? Summarize the species that were lost.  
 The Permian mass extinction occurred at the time of enormous volcanic eruptions in what is now 

Siberia. Besides spewing enormous amounts of lava and ash, the eruptions may have produced enough 

carbon dioxide to warm the global climate by an estimated 6°C. This slowed the mixing of ocean water, 

which would have led to widespread drop in oxygen concentration, suffocating oxygen breathers, and 

promoting the growth of anaerobic bacteria. The poisonous gas emitted from these bacteria would 

have killed remaining land plants and animals 

13. A second important mass extinction is the Cretaceous mass extinction that 
happened about 65 mya. Everyone’s favorite group, the dinosaurs, was lost, along 
with more than half of all marine species. What caused it?  
 The cretaceous mass extinction is believed to have been occurred by a large asteroid or comet 

colliding with Earth. The impact from this extraterrestrial object would have resulted in a cloud 

of debris that would have blocked sunlight and severely disturbed the global climate for 

several months. 
 
 
 



 

14. What are adaptive radiations?  
 Adaptive radiations are periods of evolutionary change in which groups of organisms form many 

new species whose adaptations allow them to fill different ecological roles, or niches in their 
communities. 

 
15. Why did a large-scale adaptive radiation occur after each mass extinction?  

 Each of the big five mass extinctions left many vacant ecological niches. 
 

Section 3  
16. What two areas of biology are merged in the field of study commonly called 

evo-devo?  
 Two areas of biology that are merged in the field of study commonly called evo-devo are 

evolutionary biology and development biology. 

 
17. What is an evolutionary change in the rate or timing of developmental events?  

 An evolutionary change in the rate or timing of developmental events is heterochrony. 

 
18. Homeotic genes are master regulatory genes that determine the location and 

organization of body parts. Mutations in a homeotic gene can have a profound 
effect on morphology. Homeotic gene mutations can contribute to the potential for 
evolutionary change. The Hox genes are one class of homeotic genes. What do 
they control?  
 Hox genes provide positional information in an animal embryo. This information prompts cells 

to develop into structures appropriate for a particular location. 
 

Section 4  
19. When a structure that has evolved in one context becomes co-opted for another 

purpose, this event is called _exaptation___. Does exaptation imply that organisms 
are anticipating future needs? __No___ Explain.  
 Natural selection cannot predict the future; it can only improve a structure in the context of 

its current ability. 
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