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Chapter 8  Earth System Evolution

Learning Outcomes
In this section, you will

• Understand how changes in 
Earth’s climate have affected 
organisms throughout geologic 
time.

• Understand that the organisms 
that dominate the continents 
today differ from the organisms 
that dominated Earth in the 
deep geologic past.

• Understand that severe 
ecological disruptions alter 
the history of life, resulting 
in extinction followed by the 
evolution and appearance of 
new organisms.

• Understand that newly evolved 
organisms develop similar body 
features that allow them to 
use the same resources as those 
organisms that became extinct.

Think About It 
Perhaps no other interval of geologic time has captured the 
attention of popular culture as much as the Mesozoic Era. This 
was the time when dinosaurs roamed Earth. 

• If the dinosaurs were such successful creatures, what happened 
to them, and why? 

Record your ideas about this question in your Geo log. Be 
prepared to discuss your responses with your small group 
and the class.

Investigate
In this Investigate, you will examine data that looks at the 
relationship between paleoclimate and the fossil record at the 
end of the Mesozoic Era. You will also consider some of the 
adaptations of organisms that have evolved from the same era 
until today.

Section 9 Mass Extinction
What Do You See?
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Section 9  Mass Extinction

Part A: Changes in Climate and Life at 
the End of the Mesozoic Era 

 1. Look at the geologic time scale. The 
boundary between the Mesozoic Era 
and the Cenozoic Era, about 65 million 
years ago, represents one of the most 
catastrophic extinction events in Earth’s 
history. 

You will focus on the changes in climate 
and organisms between the end of 
the Cretaceous Period (the end of the 
Mesozoic), and the beginning of the 
Tertiary Period (the beginning of the 
Cenozoic). 

 2. With your group, visit the EarthComm 
Web site to collect data on paleoclimate 
from the pre-boundary time interval 

(the Late Cretaceous) and the post-
boundary time interval (the earliest 
Tertiary, also known as the Paleogene 
Period). Answer the following questions 
in your Geo log: 

a) How did the climate change at the 
end of the Mesozoic? 

b) What evidence is there on how fast 
the climate changed? 

c) From your findings, what do you 
think are the dominant plants and 
animals in North America before 
the boundary? 

d) From your findings, what do you 
think are the dominant plants and 
animals in North America after 
the boundary? 

Major divisions of geologic time.
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 3. With your group, visit the EarthComm 
Web site to collect data on the fossil 
record of organisms from the pre-
boundary time interval (the Late 
Cretaceous) and the post-boundary 
time interval (the Paleogene). 

a) How accurate were your predictions 
on the dominant plants and animals 
in North America before and 
after the boundary? Explain 
any differences. 

b) How do you think that the 
interactions between organisms 
differed before and after the 
boundary? Why? 

c) Which organisms from the fossil 
record are still living (extant) and 
which ones are no longer known to 
be alive on Earth today (extinct)? 

d) Why do you think that some 
organisms survived beyond the 
boundary, but others did not? 

e) How do you think that the 
dominant plants and animals in your 
community differed before and after 
the boundary? Why? 

Part B: Consumers of the Mesozoic 
and Cenozoic 

The adaptations of organisms that 
have evolved to function within a given 
ecosystem appear to have several common 
features that allow success. You have 
now seen that plants before and after the 
extinction between the Cretaceous and 
Tertiary Periods (called the K-T extinction) 
were very similar but that the dominant 
animals were very different. Or were they? 

 1. Examine the photographs of the 
skull and jaw structure of both a 
hare (rabbit) and a wolf. Answer the 
following questions in your Geo log:

a) What are the differences in the 
organization of teeth in these 
animals? 

b) Which animal is a carnivore and 
which is a herbivore? 

c) How does the tooth arrangement 
reflect their levels within the 
ecosystem?

Hare skull.

Wolf skull.
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 2. Examine the photographs of extinct 
fossil mammal skulls collected from 
Paleogene rocks of North America. 

a) How are these skulls similar to 
modern rabbits and wolves? 

b) In which level(s) of the ecosystem 
would you predict that each of these 
animals existed? That is, which ones 
were herbivores and which ones were 
carnivores? How can you make these 
interpretations? 

Archaeohippus (an early horse).

Smilodon californicus (saber-toothed tiger).

 3. Examine the photographs of dinosaur 
skulls collected from Mesozoic rocks of 
North America. 

a) What features do these skulls have 
that are similar to the modern rabbits 
and wolves, and to the extinct 
mammals from the Tertiary Period?

b) Which dinosaurs exhibit skull, jaw, 
and teeth similar to the herbivores? 

c) Which dinosaurs exhibit skull, jaw, 
and teeth similar to the carnivores? 

d) In which level(s) of their ecosystem 
would you predict that each of these 
animals existed? How can you make 
these interpretations?

Diplodocus.

Tyrannosaurus rex.

Section 9  Mass Extinction
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THE EXTINCTION OF SPECIES
The success or failure of a species is impossible to predict. Many physical 
and biological factors interact with one another in complicated ways. This 
occurs over a long time. All of these factors determine success or failure. 
Also, the data from the fossil record seem to indicate that different kinds 
of organisms have different rates of success. Paleontologists have found 
that some species have lasted for tens of millions of years. Others span 
only a few million years. Some span only a few hundred thousand years.

The Extinction Event at the End of the Mesozoic 
There was big difference in the landscapes of the Mesozoic Era and the 
Cenozoic Era. (The terms come from the Greek meso-, meaning middle, 
and kainos-, meaning new.) The groups of animals that dominated Earth 
for nearly 130 million years during the Mesozoic disappeared. This was 
sudden. It took place almost overnight, in terms of geologic time. This 
extinction affected some plants and many groups of animals that lived 
on land. It affected much of the food web in the oceans as well. Groups 
from phytoplankton to top carnivores disappeared from the fossil record. 
They were never to be seen again except as fossil material. The post-
boundary biosphere was very different in nature. It was established early 
in the Paleogene. It took several million years for the plant and animal 
groups known to exist now to evolve. It took a long time to fill all of the 
ecological spaces opened by this extinction event. 

Figure 1 Dinosaur tracks provide evidence for these prehistoric life forms.

Digging Deeper

Geo Words
phytoplankton: 
small photosynthetic 
organisms, mostly 
algae and bacteria, 
found inhabiting 
aquatic ecosystems.

EC_Natl_SE_C8.indd   970 7/15/11   12:13:15 PM



EarthComm
971

Geo Words
background 
extinction: normal 
extinction of species 
that occurs as a 
result of changes in 
local environmental 
conditions. 

biodiversity: the 
diversity of different 
biologic species 
and/or the genetic 
variability among 
individuals within 
each species. 

The post-boundary fossil record shows that changes in the kinds of 
animals now extinct are linked to food source(s). In particular, they are 
related to the appearance and disappearance of these food sources. 
The fossil record shows that when evolution changes the basic makeup 
of plants in a community, dependent organisms must find a new food 
source. They must change how they process food for nutrition as well. 
If they are not able to do so, they face extinction. 

For example, to date, there is no evidence in the fossil record for many 
grazing animals until the mid-Cenozoic. The first evidence for the 
appearance of grasslands is at about this time. Following this, many 
new groups of animals are found for the first time in the fossil record. 
The diets of these animals include the plants of the grasslands. In North 
America, such animals include camels, rhinoceroses, and horses. Also 
included are many other mammals that are now known to be extinct. 
The extinction of a few species now and then appears to be a normal 
phenomenon. Scientists refer to the appearance and disappearance of 
a few species at any time as background extinction. 

  Figure 2 The woolly mammoth became extinct near the end of the 
Pleistocene Epoch.

Sometimes, the fossil record shows a significant change in Earth’s 
biodiversity. These events are called mass extinctions. There have 
been five major ones throughout the history of life. During these, up 
to 90 percent of the known biodiversity was lost. One such event took 
place at the end of the Paleozoic Era. This was between the Permian 
and the Triassic Periods. It was more devastating to life on Earth 

Section 9  Mass Extinction
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than the extinction at the end of the Mesozoic. The general patterns 
of evolution and recovery in each case are similar. This includes the 
appearance of new organisms with similar adaptations for living. These 
patterns may provide insight into how Earth’s biosphere responds to 
severe trauma. 

As you learned earlier, geologic time is divided into the Paleozoic, 
Mesozoic, and Cenozoic Eras. The specific places the time is divided and 
the span of each era has a reason. The reason is the size and abruptness of 
the extinctions. The accepted scheme of subdivision of geologic time is not 
just random. It has a natural basis. 

The Cause of the Extinction 

Scientists have known for more than 150 years about the mass extinction 
at the end of the Mesozoic. However, the cause(s) was not known until 
very recently. In the 1970s, a scientist named Luis Alvarez and his colleagues 
proposed a hypothesis. It stated that the extinction was caused by the 
collision of a huge asteroid with Earth. They based this on studies of sections 
through sedimentary rocks. These rocks were found at the Mesozoic–
Cenozoic boundary. In several sections, they found geochemical evidence. 
This evidence is many times greater than normal amounts of the element 
iridium. The evidence pointed toward a catastrophic collision. 

Iridium is very rare on Earth’s crust. Large amounts of iridium are found 
on meteorites and comets. Therefore, the iridium was introduced into the 
Earth system during certain impacts. Another important piece of evidence 
was found in the Yucatán Peninsula of Mexico. It was the remnants of a 
colossal impact structure. This structure is called the Chicxulub crater. The 
collision placed so much dust and ash into the atmosphere that the climate 
became much cooler. It is thought that light could not reach Earth’s surface. 
Earth’s ecosystems were stressed for a long time after the collision. This led 
to widespread extinction of many species. Evidence of sediment movement 
and deposition by a gigantic sea wave could be seen in the Gulf of Mexico. 
This evidence, likely caused by the impact, has strengthened the hypothesis. 

Many parts of the extinction remain unclear. Extinction of species 
continued for geologically long times after the collision. In addition, there 
is also good evidence for increased volcanic activity around this time. A 
few scientists like an alternative hypothesis for the great extinction. It 
has to do with climate change induced by the eruption of the volcanoes. 
Evidence is still being gathered. There are still details to resolve about the 
extinction and its causes.
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  Figure 3 The Chicxulub Crater, on the Yucatán Peninsula of Mexico, provides 
evidence for a large impact event at the end of the Cretaceous. Here the crater 
is magnified using detailed measurements of Earth’s gravitational field and is 
revealed as the roughly circular feature in the center of this image.

Checking Up
1. How long do 

species last? 

2. What happens 
to animal species 
when the food 
sources of the 
animals change? 

3. How can you 
document that as 
different groups of 
organisms evolved, 
they developed 
similar structures, 
allowing them to 
occupy a position 
in the ecological 
hierarchy? 

4. What is the 
difference between 
background 
extinction and 
mass extinction? 

5. What kinds of 
evidence can be 
used to document 
a major meteorite 
or asteroid impact 
in the geologic 
past?

Think About It Again 
At the beginning of this section, you were asked the following:

•  If the dinosaurs were such successful creatures, what happened 
to them, and why? 

Record your ideas about this question now. Be sure to explain the most 
commonly accepted hypothesis for the mass extinction that occurred at the 
end of the Mesozoic.
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Reflecting on the Section and the Challenge
Earth’s biosphere has undergone several catastrophic events during geologic history. Each 
mass extinction has destroyed a large number of species. It has affected both Earth’s 
terrestrial and marine biomes. The causes of these events have largely come from space. 
Specifi cally, they have resulted from the impact of large meteorites. Mass extinctions opened 
up ecological niches that were previously occupied. As well, these extinctions destroyed 
large parts of the biosphere. However, they also opened up new possibilities. Think about 
the rates at which evolution produces new species. Compare them to the rates at which 
species go extinct. Mass extinctions can wipe out the biosphere on a planet as habitable 
as Earth. Consider how they might affect the biosphere on the planet or moon that you 
have chosen. 

Understanding and Applying

 1. Think about the Mesozoic and Cenozoic fossil records you have uncovered. How do 
the organisms of the deep geologic past differ from those in your present community? 
Why? 

 2. What is the probability of one or more of the organisms that lived just before or just 
after the time of the Mesozoic–Cenozoic boundary still existing today somewhere in 
the world? Explain your answer. 

 3. If you were to examine the rock record of another planet, how would you identify 
that a mass extinction occurred when you were unfamiliar with that planet’s life 
forms? 

 4. How are new data discovered, where are these data reported, and what is the purpose 
of independent review of a scientist’s data and ideas?

 5. How do mass extinctions illustrate the connections between different parts of the 
Earth system?

 6. Are mass extinctions driven by factors internal or external to the biosphere? Explain.

 7. Preparing for the Chapter Challenge

With your group, develop a poster presentation that illustrates the major differences 
in the biosphere across the Cretaceous–Paleogene boundary. Over how many years is 
it thought that both of these extinction events occurred? Consider which organisms 
or types of life appear to have been affected most by the extinction event. So far, your 
preparation has involved looking at development of different spheres on Earth and 
on another planet or moon. Examine the important phases in the development of the 
planet or moon. Is it possible that a mysterious event triggered a mass extinction in a 
biosphere that never recovered? Consider which organisms would have been the most 
vulnerable to changes. Where might evidence of once-living things be found? Continue 
to outline your storyboard with visual and narrative components.
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Inquiring Further
 1. Hypotheses to explain the Mesozoic–Cenozoic boundary event 

Using available resources, investigate further the hypotheses that have been proposed 
to explain the Mesozoic–Cenozoic boundary event. (It would be useful to know that 
the event has often been called the “Cretaceous–Tertiary boundary event,” because in 
earlier usage, which still exists today, the Cenozoic was divided into the Tertiary and 
Quaternary periods.) How do the hypotheses differ? What scientific evidence and data 
exist to support each hypothesis? 

 2. Other mass extinction events 
Research other mass extinctions that paleontologists have identified in the rock record. 
When in time did these occur? What groups of organisms were affected?

Artist’s drawing of an asteroid impact.

Section 9  Mass Extinction

EC_Natl_SE_C8.indd   975 7/15/11   12:13:16 PM




