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Chapter 8  Earth System Evolution

Learning Outcomes
In this section, you will

• Consider various kinds of 
evolutionary processes.

• Analyze how natural selection 
favors the best-adapted 
organism in a population.

• Understand how fossils provide 
important clues about change 
through time.

• Develop ideas from fossils 
about rates of evolutionary 
change.

Section 7 Evolution

Think About It 
You have learned that life began as simple microorganisms. 
Modern forms of life fi ll millions of different living spaces within 
Earth’s various ecosystems. The geologic record shows that in the 
billions of years of life on Earth, the characteristics of living things 
have changed in many ways.

• How do living populations change over time?

• What kinds of changes in living things are shown in the 
geologic record?

Record your ideas about these questions in your Geo log. Make a 
few quick sketches if useful. Be prepared to discuss your responses 
with your small group and the class.

Investigate
In this Investigate, you will read about observations of moths 
made in the 1800s. These observations led to conclusions about 
how living things change. You will run a model to show how 
the population of moths could change when there is a change in 
the environment. You will then explore rates of changes in the 

What Do You See?
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biosphere. Following that, you will develop 
a time sequence for a group of fossils of 
unknown age.

Part A: A Model of Evolutionary 
Change 

 1. Read the following story about the 
effects of air pollution on a population 
of moths in Manchester, England.

The Peppered Moth

The Industrial Revolution was a period 
during the 1800s and 1900s when many 
changes took place. The changes fi rst 
began in the British Isles. During this 
time, machines began to replace some of 
the work that was by done by humans
and animals. Muscle power was replaced 
by other sources of power. More and more 
goods were made in factories. This 
resulted in major changes in society and 
the economy. It also resulted in changes 
in the environment. 

As factories burned fossil fuels, the air 
became full of smoke. Most of the fossil 
fuel used was coal. Soot covered buildings 
and trees. Before the revolution, local trees 
were covered in pale gray and green lichens. 
As the pollution increased, the trees became 
darker as the soot accumulated. During 
the period from 1848 to 1895, biologists 
recorded changes in the coloring of a local 
moth population. The moth they observed 
was the peppered moth. 

At fi rst, most of the peppered moths in 
the area were light colored. They were 
camoufl aged against the light-colored trees. 
Very few of the moths were dark colored. 
However, the trees that the moths rested on 
became blackened by the soot. Biologists 
observed less and less light-colored moths. 
At the same time, the dark-colored moths 
increased in number.

 2. You are going to run a model of what 
might have happened to change the 
type of moths that lived on the trees 

in Manchester, England. Later in the 
Digging Deeper, you will read more 
about what scientists think took place. 
Paper dots will represent different-
colored moths. Different-colored paper 
is used for natural tree bark and soot-
covered tree bark. Tweezers will be used 
to model the beaks of predatory birds 
that feed on moths.

 3. Working in pairs, select one person to 
be the “predator” (a bird) and the other 
the “observer.” The “predator” should 
turn his/her back. The “observer” 
sets up the experiment by placing the 
white sheet of paper on the desk and 
spreading the white and newspaper 
dots on it. The observer then prepares a 
second sheet in the same way, this time 
using newspaper as the background.

 4. Remember that the circles represent the 
moths in the story. The “predator” has 
15 seconds to pick up as many “prey” 
as possible. Run the model under the 
following conditions:
• white background with newspaper 

circles and white circles for three 
trials;

• newspaper background with 
newspaper circles and white
circles for three trials.

a) In your Geo log, calculate the 
average number of moths picked
up for each set of conditions.

b) Record the data in a table.

 5. Look over your results and then 
answer the following questions in 
your Geo log:

a) What happened to the population 
of dark-colored moths relative to 
the number of light-colored moths 
during the two sets of trials?

b) What can you infer from your results 
about the behavior of the moth 
population in response to a change
in their habitat?
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Part B: Rates of Change 

Throughout EarthComm, you have seen 
that different processes work at different 
rates. You have learned about gradual 
processes and catastrophic processes. 
Processes cause things to change, and 
changes occur at different rates. In this 
next part of the Investigate, you will look 
at rates of change in the biosphere.

 1. You will work in pairs to analyze 
fictitious fossils. Your teacher will 
assign your pair either the “Ribfins” or 
the “Jaminoids” fossils. Obtain a copy 
of the images for your fossils from 
your teacher. Cut out the images with 
their corresponding period name and 
duration.  
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a) Sequence the fossils from youngest 
to oldest. You will need to decide in 
which period you will place the two 
fossils with no date.

Period 
Name

Duration 
(millions of 
years ago)

Fossil 
Specimen

Description 
of Changes 

in Body 
Form

Number of 
Changes in 
Body Form

Jamian

Betleian

Stonsian

Kepelian

Gamelian

Crefusian

Malthian

Princian

Lensian

Malfi an

Spearsian

Leftilian

b) Copy the following table into your 
Geo log. You will be using this table 
to record data about your fossils.  
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c) Arrange the fossils in the Fossil 
Specimen column to show the 
sequence of fossils starting with 
the oldest and finishing with the 
youngest. Identify the range of 
dates in the Duration column 
for each specimen. 

d) For each fossil in your sequence, 
describe any changes in its body 
form in the Description of Changes 
in Body Form column. In some 
time periods, fossils do not exist, 
indicating the incomplete nature 
of the fossil record. Infer what the 
fossils might look like, and draw 
their images in the table.

e) Count the number of changes in 
body form that you observe from 
one fossil specimen to the next. 
Write down these numbers in the 
column Number of Changes in Body 
Form. Create a graph with time on 
the horizontal axis and number of 
changes in body form on the vertical 
axis. Plot your data on the graph.  

 2. Compare your findings with the rest of 
the class. 

a) What patterns did you find?

Part C: Sequencing Fossils  

 1. The following Ribfin and Jaminoid 
fossils were recently discovered, but 
they could not be dated. 

a) Use your data table to identify the 
time period they are from. Explain 
your answer.

 2. Scientists generally believed that 
Ribfins and Jaminoids evolved one 
species at a time, progressing from 
one to the next. This is shown in the 
diagram below. Species A is older than 
species B, and species C is younger 
than B and younger than A.

 3. Scientists have recently discovered 
some interesting Ribfin and Jaminoid 
fossil specimens. For both groups of 
fossils, the fossil at the top (Species A) 
is the oldest, and the other two (Species 
B and Species C) are exactly the same 
age. That is, they are assumed to have 
lived at the same time. Look at how 
the bodies are modified in Species B 
and C. 

a) For the Ribfin fossils, compare 
Species B with Species A, and then 
compare Species C with Species A. 

b) Arrange the Ribfin fossils from 
oldest to youngest using three 
labeled boxes and two arrows.

EC_Natl_SE_C8.indd   946 7/15/11   12:13:07 PM



EarthComm
947

c) For the Jaminoid fossils, compare 
Species B with Species A, and then 
compare Species C with Species A. 

 

d) Arrange the Jaminoid fossils from 
oldest to youngest using three labeled 
boxes and two arrows like the one 
on the previous page.

Section 7  Evolution
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Geo Words
evolutionary change: 
the adaptation of 
a population over 
time to favor specific 
genetic traits.

EVOLUTION
Evolutionary Change
In the Investigate, you read that observations of the peppered moths 
were taken in Manchester, England during the period from 1848 to 1895. 
At first, there were a large number of light-colored moths and a smaller 
number of darker moths. This was before factories polluted the air with 
soot. As pollution covered the trees, the number of peppered moths did 
not change. However, the number of darker moths grew in size relative to 
the lighter ones. Scientists suggested that birds ate more light moths than 
dark moths. This is because the light moths were easier to see. Apparently, 
the moths were able to use camouflage. This suggests that at any time, 
the moth population is related to conditions in the environment. Change 
of this kind is called an evolutionary change.

 Figure 1 Dark- and light-colored peppered moths.

Today, scientists still debate the inferences made from the studies of 
peppered moths. Early studies suggested that moth coloration was 
controlled by a single factor, bird predation. Insects that are easy to see 
are more vulnerable to predators than those with camouflage. There are 
many famous early experiments. In one, moths were placed on branches 
of trees. Scientist observed their predation. The paler moths were picked 
off first. However, the experiment was not realistic. The moths were 
placed on parts of branches that they would not choose naturally. During 
the day, moths would normally stay hidden. When released during the 
day, moths would settle anywhere. 

Also, recent research has shown that birds may be able to detect ultraviolet 
light reflected from insects. Darker moths would be more visible than 
previously thought. Research has also shown that genes play an important 
role. In one study, moths were painted. Scientists observed if they would 
attempt to hide on surfaces that matched their color. Their behavior was 

Digging Deeper
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more closely controlled by their genes than their color. Today, scientists 
generally agree that multiple factors control moth behavior. These include 
birds, genes, competition, migration, and lichen color. It is interesting to 
note that more than 100 years after the first studies of peppered moths, 
the population has reversed itself. Improvements in air quality have 
reduced the amount of soot on trees. The light to dark moth population 
was once 1:9. It now favors light members by the same ratio.

The debate about the peppered moths brings out some important 
aspects about the nature of science. Knowledge in science is developed 
from careful observations. It also involves precisely described 
experiments. For this reason, scientists could repeat previous experiments 
in the light of new knowledge. Repeating the exact experiments 
produced new evidence. Ideas in science are subject to change when 
new evidence is presented. In this case, science changed their point of 
view about the evolution of peppered moths. They now think that it is 
controlled by many factors and not just predation. This underlines the 
fact that all scientific knowledge is tentative. It is a work in progress.

The fossil record shows that species have changed during the 4-billion-
year history of life on Earth. A species is a group of organisms that can 
interbreed and produce fertile offspring. Evolution is a scientific theory. 
It states that populations of new species evolve from older species. 
Evolutionary changes are passed down to the next generation. Over 
billions of years, this process has led to the growth of Earth’s biosphere. 
Life on Earth has become more complex. Over time, it has expanded from 
simple organisms to the great number of living things on Earth today.

You have already learned about some 
parts of evolution. Adaptation is an 
important part of evolution. You 
learned that how a species changes can 
change either behaviorally or physically. 
These changes are vital to the long-
term survival of that species. Major 
changes in the Earth system take place 
over very long periods of time. Earth’s 
climate has changed repeatedly through 
time. Therefore, populations within 
ecosystems, which are largely controlled 
by climate, have also changed through 
time. New species have emerged to 
replace old ones. The fossil record shows 
something about the various species 
that have existed in the past. Evidence 
of success in a species is shown by those 
that survive from one time period to the 
next. These show how some body plans 
have been more successful than others. 

Geo Words
evolution: a theory 
that the various types 
of animals and plants 
have their origin in 
other preexisting 
types and that the 
distinguishable 
differences are due 
to modifications 
in successive 
generations.

Figure 2 The tropical rainforest is
a very old ecosystem because of 
slow environmental change at
the equator.
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  Figure 3 Life in the ocean more than 500 million years ago
showed some interesting body shapes.

Evolution is a theory developed by Charles Darwin. He went on a voyage 
around the world. It lasted for five years (1831–1836). During that time, 
he observed and sampled the biology and geology of various places 
in the Southern Hemisphere. He observed that species have a great 
ability to reproduce. For example, a salmon produces 28,000,000 eggs 
while spawning. However, not every egg and offspring survive. He also 
noted that populations tend to be stable over time. He found that the 
environment has a limited supply of resources. From his studies, he found 
that individuals can reproduce in greater numbers than the environment 
can support. Due to this, there is a constant struggle for existence. This 
leads to competition. 

Figure 4 Darwin's famous voyage to the Galápagos Islands was an important step in 
the development of the theory of evolution.
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Darwin continued to observe that no two individuals in a population are 
identical. He observed that some inherit traits that are best suited for a 
certain environment. He noted that others do not. He inferred that those 
that inherit these particular traits have a better chance for survival than 
those that do not. This means that through time, only the traits of well-
suited individuals are passed on. This process is called natural selection. It 
has continued through time. Therefore, the survival and reproduction of 
species is not a random process.

In Darwin’s time, little was known about how traits were passed from 
one generation to the next. In the 1900s, there were great advances 
in biology. Scientists began to understand how evolution works at the 
molecular level. Organisms within a population are genetically different 
from one another. Evolution cannot occur otherwise. Genes carry 
biological information. It is in a form that is passed on to offspring. A 
copy of the genes of a parent is passed onto the offspring. At times, new 
genes are not copied exactly. The result is a difference in the sequence 
of building blocks carried in the genes in eggs and sperm. This causes the 
variation in the way individuals look or behave. Some variations are better 
suited to an environment than others. Individuals that have these traits 
are more likely to survive. They will then pass on these genes to offspring.

Evolution and Time
There is little debate among scientists about the process of biological 
evolution. However, scientists have different theories about the rate at 
which evolution takes place. Darwin proposed that change takes place 
slowly. It occurs gradually over long periods of geologic time. Was the 
rate you found for your fossil gradual? Another theory suggests that rapid 
change can take place in a population. This is followed by a longer period 
with much less change. These two models are shown in the graphs.

Figure 5 Two models of evolution. “Sloping” model on the left shows slow gradual 
change. “Staircase” model on the right shows long periods of no change followed 
by rapid bursts of change.

Section 7  Evolution

Geo Words
natural selection: the 
process in evolution 
where the traits 
of more successful 
organisms get passed 
on in favor of those 
in less successful 
organisms.
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  Figure 6 Fossils of different species are preserved in 
rocks. The youngest species is at the top, and the 
oldest species is at the bottom.

Most scientists who study evolution accept both models. Adaptation 
results from changes in the environment. The selection process is driven 
by environmental change. Imagine a population of fish that live in a 
shallow marine setting. The conditions in this setting do not change. The 
fish would live, breed, die, and become fossils. They would show little 
evolutionary progress. Then imagine a period of rapid change in the 
environment. Such changes might include a change in water temperature. 
It might involve the development of a lagoon. This change would exert 
new pressures on the fish. The population would start to change. The 
organisms that were more tolerant to the new conditions would become 
more competitive. If the new conditions then stayed the same for a long 
period, the rate of change would again decrease.

Figure 7 A coelacanth is a fish that has changed little over 80 million years.
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In the Investigate, you focused on fictitious fossils. This activity was 
designed to show a series of evolutionary changes. Physical characteristics 
were passed on from one species to another. They were then passed 
on to the next generation, and so on. Species can also evolve in other 
ways. An organism may have two or more descendants with different 
adaptations. (Remember that very long time scales are involved.) The 
evolutionary model produces a pattern with branches that spread out 
like a tree. This pattern radiates to produce a great range of life forms 
quite quickly.

  Figure 8 Species can branch from a common ancestor. Organisms in each 
row are of the same age.

Species that fail to adapt to changes in their environment will decrease in 
population. Some species are so sensitive to changes in the environment 
that they cannot adapt fast enough to survive. Such species die out 
through the process of extinction. This process can be as gradual as the 
rate at which new species develop. It can also be extremely rapid. The 
biosphere has gone through a number of periods with very large losses 
that often accompany global environmental changes. These are known as 
mass extinctions. During these events, Earth lost a very large part of its 
living communities in all kingdoms. The diversity of life on Earth became 
quite small. The geologic record extends back through Earth’s history. It 
contains fossils of once-living organisms. This is only a small sample of 
all things that once lived and died. Some of them look quite similar to 
their modern ancestors. Others are distinctively different. Evolution is 
the process of change. It connects the body plans of modern living things 
with those of their ancestors from millions of years ago.

Section 7  Evolution

Checking Up
1. What is the process 

of evolution?

2. Why is evolution 
difficult to 
observe?

3. How do fossils 
provide evidence 
for evolution?

4. Describe how 
natural selection 
works.

Geo Words
extinction: the end 
of a species in the 
biosphere.

mass extinction: 
a catastrophic, 
widespread 
perturbation in 
which major groups 
of species become 
extinct in a relatively 
short time compared 
to normal background 
extinction. 
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Think About It Again 
At the beginning of this section, you were asked the following:

• How do living populations change over time?

• What kinds of changes in living things are shown in the geologic record?

Record your ideas about these questions now. Use your knowledge about the development 
of the young Earth to help your explanation.

Reflecting on the Section and the Challenge
You have learned that species adapt in response to environmental changes. This results 
in the selection of better-suited individuals of the population. You also know that rates 
of change in the biosphere can change a lot over time. Over time, evolutionary changes 
result in the development of new species. You now have a better sense of change in the 
biosphere. You should be able to apply these ideas to the young Earth. You can also 
apply them to the development of life on other planets and moons. 

This seahorse has adapted to its environment.
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Understanding and Applying

 1. How is evolution related to the environment?

 2. Does evolution occur at a single rate? Explain your answer.

 3. If Earth’s climate has changed in the past between warmer and cooler phases, 
do you think Earth’s ecosystems have always been the same? Explain your answer.

 4. Imagine two different environments 100 million years in the future. Choose a 
modern species and draw pictures to show how it might evolve in these two 
different environments. 

 5. How does the “staircase” model for the rate of evolutionary change differ from 
Darwin’s theory?

 6. Why is evolution a theory and not a law?

 7. If the fossil record is incomplete, does that mean that the theory of evolution is wrong? 
Explain your answer.

 8. Describe what happens in the biosphere following a mass extinction.

 9. Preparing for the Chapter Challenge

Continue working on your story board and narration for the documentary. Apply your 
new ideas about evolution to the development of life on the planet or moon that you 
selected. What was the primordial environment of the planet or moon? How might this 
have affected the characteristics of primary producers? How might the development 
of the planet or moon favor further changes in the biosphere? Think back to the 
co-development of Earth’s biosphere and the atmosphere. How might the evolution 
of species affect the planets’ various spheres? Use the full scope of your scientific 
imagination as you apply ideas about evolution. Give your organisms scientific names 
and define stages in the evolution of the biosphere to help further develop the geologic 
time scale you began in the previous section.
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Inquiring Further
 1. The Cambrian explosion

The famous Burgess Shale, exposed at Walcott’s Quarry, Yoho National Park, 
British Columbia, Canada contains many fascinating fossils from a marine 
environment. Revisit the rocks from 505 million years ago when the biosphere 
seemed to undergo an extraordinary phase of experimentation. Explore the 
soft-bodied fossils of the Burgess Shale.

Geologists working at Walcott's Quarry.

 2. The life of Charles Darwin

Darwin’s famous expedition lasted five years. It was captain Fitzroy who came up 
with the idea of bringing along a scientist to explore, record observations, and be good 
company on such a long voyage. Find out more about the events that lead to Darwin’s 
voyage and life during his journey to the Galápagos Islands. 

 3. Modern extinction

There have been six mass extinction events when the biosphere suffered catastrophic 
losses. Some scientists think that Earth is in the middle of a seventh major event. 
Find out more about whether or not the biosphere is undergoing a catastrophic loss 
of species. If correct, what is the cause of the change? 
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