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 3.4  Assessment

1. Identify Main Ideas What is the role of the 
hydrologic cycle in relation to the carbon, nitrogen, 
and phosphorus cycles?

2. Summarize Describe at least one way humans 
impact each of the following cycles: hydrologic, 
carbon, nitrogen, and phosphorus.

SCIENCE AND ENGINEERING PRACTICES
3. Using Math There are about 11,200,000 billion 

metric tons of O2 in the atmosphere. Based on an 
estimated photosynthesis rate of 600 billion metric 
tons per year, how many years might it have taken 
to reach current O2 levels? (Note: Assume for this 
exercise that the rate of O2 production is constant 
even though it has changed over time.)

SCIENCE AND ENGINEERING PRACTICES
4. Developing Models Create a simplified model 

to illustrate the role of photosynthesis and cellular 
respiration in the cycling of carbon. Include how 
carbon cycles through the biosphere, atmosphere, 
hydrosphere, and geosphere.

CROSSCUTTING CONCEPTS
5. Energy and Matter How is matter conserved in 

the nutrient cycles?

 3.5   How Do Scientists Study 
Ecosystems?

CORE IDEAS AND SKILLS
• Compare and contrast the advantages and 

disadvantages between field research and laboratory 
research.

• Explain why mathematical models are an important 
tool for studying natural systems.

• Describe how a better scientific understanding of 
planetary boundaries can help measure the health of 
ecosystems.

KEY TERMS
Holocene Anthropocene

Ecologists Study Ecosystems Directly
Scientists such as ecologists use several approaches 
to increasing the scientific understanding of 
ecosystems. Field research involves going into a 
natural setting to study one or more features of an 
ecosystem. Ecologists have numerous methods of 
field research, including taking water or soil samples, 
identifying the species in an area, doing population 

counts, observing feeding behaviors, and using  
GPS to track animals’ movements. In this lesson  
you will read about the pioneering field research  
of one scientist, National Geographic Explorer 
Thomas E. Lovejoy. Much of what people know  
about ecosystems comes from data obtained  
through fieldwork.

Scientists who study tropical rain forests, for 
example, use a variety of methods to study those 
ecosystems. Most animals in a tropical forest live in 
the canopy, which can be as high as 28 meters (92 
feet) above the ground. Scientists often use ropes 
and pulleys to access a canopy (Figure 3-21). They 
may also install rope walkways, spiral staircases, 
and temporary platforms. Some long-term scientific 
projects have built construction cranes that tower 
over the surrounding trees. These “canopy cranes” 
can bring researchers and heavy equipment to many 
different points within the canopy. All of these 
methods help researchers identify and observe the 
rich diversity of species living or feeding in treetop 
habitats. 

Ecologists may carry out controlled experiments in 
the field by isolating and changing a variable within 
a defined area. They then compare the results with 
unchanged areas nearby. You learned about a classic 
example of this in the Case Study in Chapter 2.

Advances in technology allow ecologists to obtain 
data in new ways. Satellites and aircraft equipped 
with sophisticated cameras can scan and collect 
data about Earth’s surface. Scientists use geographic 
information system (GIS) software to capture, 
store, analyze, and display this data. For example, a 
GIS can convert digital satellite images into global, 
regional, and local maps. The maps can show 
variations in vegetation, gross primary productivity, 
air pollution emissions, and other variables. More 
recently, scientists have used drones to photograph, 
document, and monitor rates of deforestation.

Some researchers attach small radio transmitters 
to animals and use global positioning systems (GPS) 
to track where and how far the animals travel. 
This technology is an important tool for studying 
endangered species, which you will learn about in 
Chapter 7.

checkpoint What are some of the methods ecologists use 
in field research?
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KEY TERMS STRATEGY

ENGLISH LANGUAGE LEARNERS  
Illustrate Key Vocabulary Encourage students 
to draw visual clues. Have them write each 
word on an index card and draw a simple picture 
as a memory clue. Then, suggest they write 
the definition on the back in both English and 
their native language. Small groups might also 
collaborate and share drawings.

LESSON RESOURCES

MindTap 
• National Geographic Weekend : Listen to Thomas 

Lovejoy
• Cognero test bank
Companion Website
• Geologic and Biological Time Scale

 3.4  Assessment 

1. Energy from the sun and Earth’s gravity drive 
the water cycle. The water cycle drives or is 
part of all of the other nutrient cycles.

2. Sample answers: Hydrologic: Humans draw 
water from rivers and aquifers faster than it 
can be replaced. Carbon: Humans burn fossil 
fuels that release excess carbon dioxide. 
Nitrogen: Humans add excess nitrogen 
through the use of artificial fertilizers. 
Phosphorus: Humans add excess phosphorus 
through the use of artificial fertilizers.

3. Using Math about 18,666 years

4. Developing Models Models will 
vary, such as simple diagrams and 
chemical equations showing the role of 
photosynthesis and cellular respiration in the 
cycling of carbon. Students might use arrows 
and captions to show cycling through each 
of Earth’s major spheres.

5. Energy and Matter Matter is repeatedly 
cycled through nutrient cycles. It is not 
created or destroyed.

LESSON 3.5

ENGAGE
READY TO GO Fieldwork Elicit from 

students their ideas about the situations and 
locales in which scientists work. Then conduct 
an Internet search for images using keywords 
such as scientists and fieldwork. Display the 
resulting collage. Invite volunteers to share 
what surprised them and identify activities they 
would like to participate in or not.

EXPLORE
READ WITH PURPOSE Anticipation 

Guide Make declarative statements and poll 
students before and after reading.

• The drawbacks of directly studying 
ecosystems outweigh the benefits.

• Satellites and aircraft are used to collect 
information about Earth’s surface.

• Laboratory research is not required if one is 
doing field studies.

checkpoint Methods include controlled 
experiments in well-defined areas, engaging in 
direct observation, attaching radio transmitters 
to animals to track them, and using GIS 
software, drones, and other technologies 
to create maps and document and monitor 
environmental conditions.

FIGURE 3-21 
National Geographic Explorer and tropical 
ecologist Greg Goldsmith pauses to take 
notes a mere 30 meters (98 feet) above 
the ground. Some of Greg’s fieldwork 
involves hanging out with wildlife in the 
upper canopy of this montane cloud forest 
in Costa Rica.
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TAKE A CLOSER LOOK 
Costa Rican Cloud Forest These tropical 
montane (mountain) cloud forests are bathed 
in dense cloud cover, but they still experience a 
dry season between February and May.

ARTS IN SCIENCE First Impressions  
Elicit from students their initial reactions to this 
photograph. Spark discussion with questions 
such as:

• What does the photo show about Goldsmith’s 
work and how he does it? 

• Imagine yourself in this location. Is this 
something you would do? Why or why not? 

ON THE MAP Physical Geography of 
Costa Rica Display a physical map of Central 
America. Have students observe the topography 
and locate Monteverde (northwest of San 
Ramon), where Goldsmith is working. Guide 
students to describe the interaction of the 
geosphere and atmosphere there. Ask: 

• What are the qualities of the atmosphere 
moving across Costa Rica? (Students should 
infer that proximity to the ocean and the 
Equator makes the air warm and humid.)

• What happens to warm, humid air as it 
moves up the side of a mountain range? 
(Students should hypothesize that warm, 
moist air cools and the water vapor 
condenses, forming clouds.)

Explain to students that the cloud cover is 
denser in the mornings, but never really clears 
during the day. Also, cloud forest trees are 
specially adapted to take in water through their 
leaves as well as their roots.

ABOUT THE EXPLORER Greg 
Goldsmith In his National Geographic 
biography, Greg Goldsmith says that he wanted 
to be an astronaut, but the family doctor 
predicted that he’d be too tall to qualify. Direct 
students to http://nationalgeographic.com/
explorers/ (search for Greg Goldsmith) to read 
an interview and find out why he dedicated his 
life to biodiversity.

GOOD NEWS

NEW RESEARCH Cloud Forest Benefits Share 
that cloud forests support great biodiversity and 
might even benefit hydropower generation as well, 
as shown by a study on a hydroelectric dam in 
Columbia, South America. Using computer models, 
researchers estimate that restoring about 18% 
of cloud forests could increase energy output by 
about 5%. That’s because cloud forests act like 
sponges to filter water, regulate water’s flow to 
rivers, and reduce the buildup of sediments. Ask: 
Why was computer modeling a good tool for this 
research? (Physical evidence could take too long.)

SUSTAINABILITY

SOCIAL FACTORS Politics Share with students 
that in 2015, the United Nations Climate Summit 
held greater focus on deforestation. More than 
130 governments, companies, civil society, and 
indigenous peoples pledged to cut the loss of 
forests in half by 2020, and to end the loss of 
forests by 2030.

Find Out More Encourage students to find out 
more about the United Nations’ climate actions 
through an Internet keyword search and write a 
short public service announcement.

Ecologists Study Ecosystems Indirectly
Most ecologists supplement their field research 
by conducting research in laboratories. In a 
lab, scientists can set up, observe, and make 
measurements of model ecosystems and populations. 
They can create simplified systems in culture tubes, 
bottles, aquariums, and greenhouses, and in indoor 
and outdoor chambers.

By isolating biological systems, scientists can 
control variables such as temperature, light, CO2 , 
and humidity. Scientists must consider how well 
their observations and measurements in laboratory 
conditions reflect what actually takes place in the 
more complex and often changing conditions found 
in nature. Although they provide only part of the 
picture, controlled experiments (in the field or a lab) 
offer the best means by which to identify cause-and-
effect relationships. 

Scientific knowledge advances when multiple 
lines of evidence support the same explanation, so 
ecologists often use a combination of indirect and 
direct observation.

Ecologists also use mathematical modeling. 
Mathematical models can simulate large and complex 
systems with many variables and large data sets. 
The models usually require so many variables and so 
much data that they can only be run on a high-speed 
supercomputer. Whole systems such as lakes, oceans, 
forests, and Earth’s climate cannot be observed in 
their entirety or modeled physically. The scope of 
these systems is too large, and the timescales may 
be too long, for direct study. Mathematical modeling, 
however, is ideally suited to these large-scale natural 
systems.

checkpoint What are some of the methods ecologists use 
in laboratory research?

NATIONAL GEOGRAPHIC EXPLORERS AT WORK
Thomas E. Lovejoy Tropical and Conservation Biologist

Meet conservation biologist 
and National Geographic Fellow 
Thomas E. Lovejoy, the person 
who coined the term biological 
diversity. For decades, Dr. 
Lovejoy has played a major role 
in educating people about the 
need to protect biodiversity. His 
conclusions about biodiversity 
are supported by data he and 
others have collected over many 
years of field research.

Lovejoy has been carrying out 
field research in the Amazon 

forests of Brazil since 1965. He 
helped start the world’s largest 
and longest-running study of 
habitat fragmentation, the 
Biological Dynamics of Forest 
Fragments Project (BDFFP). Since 
1979, the project has measured 
the impacts of fragmentation 
across a 1,000 square-kilometer 
(386 square-mile) area of the 
central Amazon. 

A goal of the BDFFP is to 
define the minimum amount 
of land area necessary for 
sustaining biodiversity in a 
tropical forest. As forests 
become increasingly fragmented, 
a better understanding of 
how fragmentation affects 
biodiversity is more important 
than ever before. 

Threats to tropical forest 
ecosystems—such as 
deforestation, poaching, and

pollution—are a matter of public 
interest today largely through 
Lovejoy's efforts at raising public 
awareness. 

Lovejoy founded the popular 
and widely acclaimed public 
television series Nature. He has 
also written numerous articles 
and books on issues related to 
the conservation of biodiversity. 

In addition to teaching 
environmental science and policy 
at George Mason University, he 
has held several important posts, 
including director of the World 
Wildlife Fund’s conservation 
program, president of the Society 
for Conservation Biology, and 
executive director of the UN 
Environment Programme (UNEP). 
In 2012, he was awarded the Blue 
Planet Prize for his efforts to 
understand and sustain Earth’s 
biodiversity.
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EXPLORERS AT WORK

SCIENCE TALK Interview Ask students 
the same “3 Questions” that National Geographic 
asked Lovejoy before they read about him. Then 
share this abridgement of Lovejoy’s responses to 
the questions. See his full responses at http://
news.nationalgeographic.com/3Q/.

• What’s the top environmental challenge? “We 
need to get beyond the fascination with the 
glitter and understand that the planet works as  
a biological system.“

• What would you tell leaders from China, India, 
and the United States? “I’d say we all have an 
interest in fixing this before it gets badly out of 
hand, and it’s getting close to that.”

• What’s the future of the environmental 
movement? ”We need to get young people 
upset about their future. We need to give them a 
sense they can make a difference.“

ABOUT THE EXPLORER Thomas 
Lovejoy Direct students to http://
nationalgeographic.com/explorers/ (keyword 
search: Thomas Lovejoy) to find out more about 
Lovejoy’s work and background.

EXPLAIN
ENGLISH LANGUAGE LEARNERS How 

Ecologists Work Before students delve 
into the lesson, provide an oral summary of 
the main points. Say: Scientists who study 
ecosystems are called ecologists. There are a 
couple ways ecologists do their work. Some do 
field research. They go to where the ecosystem 
is located and make direct observations. They 
might take water and soil samples and identify 
the species that live there. Other researchers 
work in laboratories. They set up and observe 
model ecosystems. Model ecosystems allow 
ecologists to control temperature, light, CO2, 
and humidity. Think about which way you would 
like to work and why.

DIFFERENTIATED INSTRUCTION Tools 
and Methods Suggest students use a 
2-column chart to differentiate between tools 
and methods of research as they study the 
lesson. Place the tool and the method it’s 
used for, such as rope walkways and direct 
observations of the canopy, in the same row. 
If a tool or method is not connected, students 
might suggest options.

• Struggling Students: Have pairs focus on 
just the tools or the methods. Then pairs can 
combine their lists and discuss. 

• Advanced Learners: Pairs can work 
together to develop a third column that 
describes the data or observations that are 
gained by using the tool and the method.

checkpoint Methods include setting up, 
observing, and making measurements of 
model ecosystems and populations and using 
mathematical models of large and complex 
natural systems like lakes, oceans, forests, and 
Earth’s climate.

SCIENCE FOCUS 3.4
TESTING PLANETARY 
BOUNDARIES

For most of the past 10,000 years, 
humans have lived in an epoch 
called the Holocene—a period 
of relatively stable climate and 
other environmental conditions. 
This general stability has allowed 
humans to develop agriculture 
and expand the human population 
around the world.

Although most geologists 
argue that we are still living in the 
Holocene, a growing number of 
other scientists think we are living 
in a new epoch, which they call 
the Anthropocene. According to 
their argument, the Anthropocene 
began around 1750 with the 
Industrial Revolution. Since that 
time, people have been consuming 
a much greater share of Earth’s 

resources and have become the 
dominant cause of changes to  
the planet’s major systems that 
sustain life.

In 2015, an international group 
of 28 scientists, led by Will 
Steffen and Johan Rockström of 
the Stockholm Resilience Centre, 
identified the boundaries, or 
ecological tipping points, of nine 
major planetary systems that play 
a key role in supporting life.  
(Recall that an ecological tipping 
point is like a system’s “point of 
no return,” resulting in severe 
degradation or collapse.) The 
team’s research indicates that 
we have exceeded four of these 
boundaries (Figure 3-22). 

According to the Stockholm 
group, if humans exceed too 
many boundaries, we could 

trigger abrupt and long-lasting 
environmental changes that will 
degrade the planet’s ability to 
support life. They argue that 
there is an urgent need for more 
research to better define the 
boundary limits of these planetary 
systems, which are still not exact. 
They also say we need to learn 
more about what exceeding the 
boundaries will do to the health of 
humans and other species. 

If this is the Anthropocene, how 
will it end for humans and other 
species? What will Earth’s next 
epoch look like?

Thinking Critically
Infer Which boundaries are most 
affected by urban development? 
Which ones are most affected by 
agriculture?

Nitrogen and Phosphorus Cycles
Disruption of the nitrogen and phosphorus cycles caused by 
greatly increased use of fertilizers

Climate Change 
Altering the carbon cycle, mostly by overloading it with CO2 
produced by burning fossil fuels

Biodiversity Loss
Replacing biologically diverse forests and grasslands with 
fields of single crops

Land Use
Land system change from agriculture and urban development

Freshwater Use
Global consumption of water per year

Ocean Acidification
Acidification of the ocean caused by increased carbonate 
concentration

Ozone Depletion
Stratospheric ozone concentration

Atmospheric Aerosols
Atmospheric aerosol loading (microscopic particles in the 
atmosphere that affect climate and living organisms)

Chemical Pollution
Levels of toxic heavy metals and endocrine disruptors
Introduction of novel entities (e.g., organic pollutants, 
radioactive wastes, nanomaterials, and microplastics)

FIGURE 3-22 
Planetary Boundaries The table 
describes planetary boundaries for nine 
major systems that help sustain life. A 
team of scientists estimated that human 
activities may have exceeded the  
boundary limits of four of these  
systems (the first four, shown  
in red).
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ELABORATE
QUICK HANDS ON Be an Ecologist  

Provide an ecosystem in the classroom for 
students to observe, such as a fish tank with 
multiple species (including live plants and 
invertebrates) or a terrarium with insects, 
amphibians, and plants. Allow small groups 
to choose species to focus on, and allot 
observation time for each. Instruct students 
to accompany their direct observations with 
indirect research about the species. Students 
can prepare a report sharing the information 
from both sources. Students might also pose 
research questions that could be answered 
from direct research in a natural setting. 

EVALUATE
Review Vocabulary Encourage students to 
write short rap lyrics using the key terms and 
their meanings.

Quick Check of Core Ideas and Skills Have 
students change these FALSE statements to 
make them true. 

• Ecologists can do controlled experiments only 
in the laboratory. (in the field and in the lab)

• Planetary boundaries describe the limits of 
the continents and oceans. (systems that 
sustain life)

Remediate Limit the depth of the discussion 
for students. Display the second paragraph 
of Lesson 3.5 and the first paragraph of the 
next section. Help students deconstruct the 
paragraphs to compare field and laboratory 
research and scientific tools and methods.

Wrap-Up Have students explain how their 
point of view has changed because of this 
lesson. They might do this verbally or in a few 
sentences.

SCIENCE FOCUS 3.4

READY TO GO Geologic Time Build 
background by assigning large groups an era of 
geologic time. Groups should research general 
characteristics of the life and climate associated 
with each era and events that ended it. Then have 
groups share the information with the class.

VOCABULARY Word Roots and Geologic 
Time Display the root words for Holocene and 
Anthropocene: holo- (whole), anthropo- (human), 
and -cene (new or recent). Help students derive the 
meanings of the words using these roots.

SCIENCE TALK Evidence for a New 
Epoch Work with students to closely read 
about testing planetary boundaries. Help them to 
understand that the boundaries are not physical, 
but are limits to Earth’s systems. Ask: Do you 
agree that Earth may have entered a new epoch of 
geologic time? Explain. (Students’ responses will 
vary. Look for a logical rationale and the strength of 
the evidence presented.)

Thinking Critically urban development—land 
use, biodiversity, climate change, and nitrogen 
and phosphorus cycles; agriculture—land use, 
biodiversity, and nitrogen and phosphorus cycles

Eligible for 
Title IV grants under the  
Every Student Succeeds Act.

The Wraparound Teacher’s Edition provides 
all of the tools you need for instruction:
•  5E lesson structure is easy to implement  
 (Engage, Explore, Explain, Elaborate, Evaluate)

• Literacy support, ELL support, and Differentiation  
 for every lesson meet the needs of all learners

• Frequent hands-on activity instruction meets  
 STEM needs


