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Students become science doers with 
citizen science projects, analyzing 
their personal or local environmental 
footprints, and through labs and 
Engineering Projects.

STEM

Eating food from your own garden has its rewards. Chances are, it is fresher, and tastes 
better, than any produce you can buy in a store. Growing your food has many other  
benefits, including reducing your ecological footprint, preserving green space, and  
improving your health. However, if your garden soil is polluted, the food grown in it may 
contain unhealthy contaminants. Plants absorb contaminants through their 
roots and may pass them along to you when you eat the plants.

Building a raised garden using fresh soil reduces the likelihood 
that you are growing food in polluted soil. But what about 
the soil you are adding? Even soil that is completely free of 
pesticides and chemical fertilizers contains trace amounts 
of heavy metals such as lead and arsenic. In fact, all soil 
contains these metals in very small amounts because 
they are natural elements in the environment. As rock 
weathers, for example, arsenic is released naturally into 
the biosphere. Heavy metals become pollutants when 
they reach toxic (harmful) levels. Toxic levels of heavy 
metals damage the cardiovascular and central nervous 
systems. 

Mining and other human activities increase the release of 
heavy metals from rock into the biosphere. For instance, coal 
sludge is liquid waste produced from washing coal. Heavy-metal 
toxins such as arsenic and lead can spread from coal sludge into the 
surrounding soil and water. Once heavy metals become part of the soil, 
they are difficult to remove. How to detoxify soil of heavy metals is an unsolved problem. 

One solution gaining attention is phytoremediation. Phyto- means “plant,” and -remediation 
means “providing a remedy.” Recall that plants absorb contaminants through their 
roots. Some plants, such as sunflowers, are especially good at absorbing heavy metals. 
Phytoremediation is the use of plants as a natural technology to clean up pollution. 
That sounds great, but how well does phytoremediation really work? Can sunflowers 
really reduce the amount of heavy metals in soil? What would it look like to implement a 
“sunflower solution”? Much more data are needed.

In this challenge, you will find answers to some of these and other questions. You will work 
with a team to design a pollution-cleanup solution and test your solution. Engineering 
usually involves many rounds of testing and retesting, so the process of design is often 
represented as a cycle rather than a series of steps. Engineers use this cycle to translate 
ideas into practical solutions. Armed with these practices and your own ingenuity, your 
team may find answers that no one has found before. 

Defining 
problems

Developing and 
using models

Planning  
and 

carrying out 
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data and using 
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Designing 
solutions

Forming 
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from 
evidence

Obtaining, 
evaluating, and 
communicating 
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Engineering 
DESIGN CYCLE

 ENGINEERING PROJECT 1

DESIGN A METHOD FOR TREATING CONTAMINATED SOIL
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Defining Problems

1. Define the problem you want to solve.

• Describe the problems associated with heavy 
metals in the soil and their cleanup.

2. Underlying every problem is a need. What do 
people need that is not currently available in terms 
of soil?

3. What would a soil cleanup solution need to do? List 
the criteria. 

Developing and Using Models

4. Brainstorm ideas for ways people could use 
sunflowers to reduce soil contamination by  
heavy metals. 

5. Select one idea as a team.

6. Develop a simplified model of your solution that can 
be created within the time and material constraints 
given by your teacher.

Planning and Carrying Out Investigations

7. Plan a controlled experiment to test your solution.

8. Consider any limitations of your design plan 
and revise it if needed. Make sure your team is 
controlling for all known variables.

9. Refine your experiment to make it as safe as 
possible.

10. Create your model and carry out your experiment. 
Record your data in a table.

Analyzing Data and Using Math

11. Analyze your data. Explain your findings.

12. How well does your solution meet each of the 
criteria you identified in step 3?

Designing Solutions

13. What are the strengths of your solution? What are 
its weaknesses?

14. Suggest an improvement to your solution based on 
your findings.

Forming Arguments from Evidence

15. What claims can you make about your solution? 
Support your claims with evidence.

16. Apply your solution to an outdoor garden.

• When and where would sunflowers be planted?

• How should sunflowers be disposed of?

Obtaining, Evaluating, and Communicating 
Information

17. Present your solution to the class. Summarize your 
model, experiment, and results. 

18. Provide respectful and specific feedback to other 
teams. 

19. Write a final report. Include recommendations for 
further changes, testing, and scientific research. 
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CREATE ACTIVE CRITICAL-THINKERS  
AND ENVIRONMENTAL SCIENCE DOERS

Students take an active 
role in understanding 
environmental science 
issues through critical 
thinking practice and 
3-Dimensional hands-
on lessons with labs, 
citizen science activities, 
digital mapping and 
data analysis, and local 
community and home-
based projects. 

325

STEM

Chapter Activities

A. Develop Models: Fish Consumption

Figure 9-30 gives the world’s fish harvest and 
population data. By analyzing data like these, scientists 
can determine how much food is available and used for 
human consumption.

Materials

graph paper
cork tile
scissors

glue
12 push pins
colored string

1. Use the world fish harvest and population data to 
calculate the per capita fish consumption for each 
year from 2000 to 2012. (Assume all fish caught were 
consumed.)

2. Cut the graph paper to match the size of the cork tile 
and glue it on to the tile.

3. Using the materials available, create a 3D graph 
of either total fish harvest or per capita fish 
consumption.

Questions

1. Compare your graph to a classmate’s graph that shows 
the other set of data. How do the graphs compare?

2. How would you describe the trends of fish harvest 
and per capita fish consumption?

3. In what year(s) did per capita fish consumption 
decrease?

4. What do you think might have caused the trends you 
identified?

B. Take Action 

For one week, weigh the food that is purchased in  
your home and the food that is thrown out. Keep  
track of the types of food you eat from day to day, 
using categories like fruits, vegetables, meats, dairy, 
and even more specific categories if you wish. For 
instance, you might weigh packaging and separate your 
data into “landfill” and “recyclable” data.

1. Record and compare your data.

2. Develop a plan to increase your food sustainability, 
for example, by cutting your household food waste 
in half.

3. Develop a similar study for your school cafeteria and 
report the results and your recommendations to 
school officials.

FIGURE 9-30 

Years Fish Harvest 
(billion 
kilograms)

Human
Population 
(billions)

2000 131.0 6.07

2001 130.6 6.15

2002 133.0 6.22

2003 132.5 6.31

2004 140.5 6.39

2005 142.7 6.46

2006 143.7 6.54

2007 142.2 6.61

2008 142.2 6.69

2009 145.7 6.82

2010 148.0 6.90

2011 156.2 7.00

2012 156.7 7.05

National Geographic Learning Framework

Attitudes | Responsibility
Skills | Problem-Solving
Knowledge | Our Living Planet

Source: UN Food and Agriculture Organization and Earth Policy Institute
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34. Use the second law of thermodynamics to explain 
why we can use oil only once as a fuel. Or, in other 
words, why can’t we recycle its potential energy?

35. Because of the law of conservation of matter, there 
is no way to truly “get rid of” wastes. Why is the 
world not filled with waste matter?

Chapter Activities

A. Experiment: Runoff 

As described in the Case Study, ground cover affects 
the amount, quality, and composition of runoff. In 
this lab, you will create a model to help you conduct a 
controlled experiment similar to the larger study led 
by Bormann and Likens. During the experiment, you 
will use your model to answer the question, “How 
does ground cover affect the amount, quality, or 
composition of water runoff?”

Materials

3 plastic bottles
scissors
soil
twigs, bark, leaves,  

and/or plant debris

3 plastic cups
watering can
string
plants, seedlings,  

or pieces of sod

1. With the bottles lying on their side, cut each one 
lengthwise, leaving the bottom and opening of the 
bottle intact. 

2. Place equal amounts of soil in each of the 3 bottles. 
Press down firmly and ensure that the soil is below 
the opening of the bottle. 

3. Punch two holes in each of the cups and tie the string 
to create a handle. This will be used to hang over the 
bottle opening and collect the “runoff.” 

4. Look at the materials provided. As a group, discuss 
which two types of ground cover you would like to 
use in your experiment. Remember that you need a 
control, so the third bottle will only contain the soil. 

5. Write your hypothesis. Identify your independent and 
dependent variables.

6. Place the ground covers chosen in the two remaining 
bottles and label them accordingly. 

7. Hang the cups from the necks of the three bottles 
with the various ground covers in them. 

8. Using the watering can, filled to a predetermined line, 
pour the water onto the soil at the end opposite to 
the opening and make observations about the water 
that flows into the cups.

Questions

1. What differences did you notice in the water 
collected in the cups? Why do you think these 
differences occurred? 

2. Compare and contrast this model with the 
experiment done by Bormann and Likens. What 
conclusions could you draw from this model about 
the role of ground coverings in nature?

B. Citizen Science  

Chemical conditions are critical factors affecting water 
quality. Acidity and the amount of dissolved ions, 
including nitrates and phosphates, must stay within 
certain ranges to support living things. The U.S. EPA 
and other organizations offer test kits that citizens can 
use to help monitor local bodies of water. For example, 

pH strips can be used to test for acidity and nitrate 
strips test nitrate ion concentration. 

Join a citizen science group to monitor the quality of a 
local lake, estuary, stream, or wetland. Gather in small 
groups with your classmates to share your experiences.

National Geographic Learning Framework

Attitudes | Responsibility
Skills | Observation
Knowledge | Our Living Planet
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EXPLORERS AT WORK

Reconnecting People 
with Nature
with National Geographic Explorer Juan Martinez

Ten years ago no one would have predicted that Juan 
Martinez would become a leader in making nature 
accessible to urban and at-risk teens, least of all Juan 
himself. Juan grew up in South Los Angeles, in a poor 
neighborhood known for gang violence. In fact, he 
was headed for a different life, possibly among the 
city’s gangs. In his neighborhood, you did what you 
had to do to survive and support your family.

A failing grade in a high school science course made 
all the difference. Martinez’s teacher recognized 
his potential and gave him an ultimatum—stay in 
detention all year or join the Eco-Club. Anything was 
better than detention, so Juan soon found himself 
planting jalapeño seeds in the club’s garden. He 
eventually earned a chance to join a two-week trip 
to Wyoming’s Teton Science Schools. It was his first 
real exposure to the dramatic topography of the 
outdoors. Martinez admits that “ten years later, I still 
can’t find words to describe the first moment I saw 
those mountains rising up from the valley.” 

Martinez’s experiences in nature changed his 
life in ways that still amaze him. “I went from 
hating everyone and everything to being part of 
organizations that are all about building supportive, 
thriving communities. Nature was my bridge 
between those two totally different worldviews.” 
He became determined to share that experience of 
transformation with others.

Today, Juan is a leader in providing outdoor learning 
experiences of all kinds to young people across the 

country. His activities range from working side-by-
side with local gardeners and taking urban young 
people into the wilderness to attending meetings on 
nature issues at the White House. He has advised the 
U.S. Department of the Interior on plans to create 
a youth conservation corps. He also heads up the 
Natural Leaders Network of the Children & Nature 
Network. This organization links environmental 
organizations with corporations, government, and 
education, all with the goal to connect young people 
with the natural environment. 

It’s easy to focus on environmental disasters or the 
sometimes depressing news on climate change, 
endangered species, or habitat loss. Instead, 
Martinez and the Natural Leaders Network make a 
point of emphasizing the benefits of engaging with 
the natural world and building a sustainable life. 
Martinez understands firsthand the deeply positive 
effect that connecting with the outdoors can have on 
an individual—but he also recognizes how meaningful 
it can be to help others find those same connections. 
He says, “When I think back to the people who were 
here to step in for me at a critical moment, I want 
to make that same kind of difference.” Reaching 
young people in classrooms and on the streets, Juan 
Martinez is a powerful voice for a greener generation.

Thinking Critically
Infer Juan Martinez works on a daily basis to get young 
people outdoors and hands-on with nature. In what ways 
might his work help support the drive for a more sustainable 
planet, both today and in the future?
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Juan Martinez works to connect 
people—especially youth—with 
the outdoors. Experiences in nature 
changed his life for the better and 
he hopes to do the same for others. 
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An Arctic fox (Vulpes lagopus) in its tundra 
habitat in autumn.

ECOLOGY AND 
ECOSYSTEMS

U N I T  1

12

The Arctic fox (Vulpes lagopus) is an example of an 

animal uniquely adapted to its ecosystem. These 

adept hunters’ relatively small size and thick fur 

protect them from the frigid winters of the Arctic 

tundra. They can withstand external temperature 

differences of 90–100°C (160–180°F) from their 

internal body temperatures. Their coats change color 

seasonally from white to brown, camouflaging them 

from predators and making it easier for them to 

hunt prey. Though the Arctic fox is not endangered 

globally, some local communities are threatened by 

overhunting, competition with other fox species, and 

loss of habitat due to climate change.

Because of this, legislatures in affected regions are 

implementing hunting ordinances as well as other 

regulations aimed at limiting the decline of Arctic fox 

populations.

In this unit, you will learn about ecology and the 

complex interactions between different parts of the 

Earth system. You will examine why global citizens 

find it important to assure the sustainability of the 

planet’s ecosystems and how maintaining our planet’s 

future hospitability depends on the preservation of 

habitats and resources.

ENGINEERING PROJECT 1:  Design a Method for 
Treating Contaminated Soil 

C H A P T E R  1
T H E  E N V I RO N M E N T  A N D 
S U STA I N A B I L IT Y

C H A P T E R  2
S C I E N C E ,  M AT T E R ,  E N E RG Y,  A N D 
SYST E M S

C H A P T E R  3
E C O SYST E M  DY N A M I C S
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Authentic National Geographic Experiences
Environmental Science: Sustaining Your World, Florida Edition truly delivers the world to 
classrooms with real stories from National Geographic Explorers who share their diverse 
perspectives in solving environmental issues. National Geographic feature articles and 
images from some of the world’s best photographers complete the environmental science 
story for students.

Okavango
Into the

with National Geographic

The Beating Heart of Our 
Planet: The Okavango Delta
Landlocked on the continent of Africa in the 
northwestern part of Botswana, the Okavango Delta 
is one of the richest and most beautiful wildlife 
wildernesses on the planet. Unlike most deltas, it is 
entirely inland. Each winter, instead of flowing into an 
ocean or sea, the Okavango River’s life-giving waters 
spill out across a flat, thirsty landscape of grassy 
savannas. Its waters seem to stir up life from the very 
dust and inspire long, epic migrations of some of 
Earth’s largest land mammals. The complex patterns 
that have evolved around the ebb and flow of this 
miraculous region are part of the pulse of a whole 
continent. But the catchment areas (land areas from 
which rainfall flows into a river or body of water) in 
Angola and Namibia have remained unprotected and 
relatively unexplored … until now.

Visible from space, the Okavango Delta is the size of 
the state of Texas. It’s one of Africa’s last truly wild 
landscapes, like the Sahara, the Serengeti, and the 
Congo. Some 100,000 elephants roam free across 
the land. Lions, leopards, hyenas, rhinos, cheetahs, 
crocodiles, and wild dogs also thrive here, as well as 
nearly 500 bird and over 1,000 plant species.

Since 2011, the Into the Okavango expedition team, 
made up of indigenous Bayei river bushmen, National 
Geographic Explorers, and numerous engineers, 
artists, and scientists, has been making visits to 
the remote delta in one of the first “live-data” 
expeditions. They constantly record and upload data 
from the field to their website via satellite. The data 
is also available through a public API, or application 
programming interface, that allows anyone to analyze 
and examine the information. “We’re connecting 
society with the wilderness,” explains conservation 
biologist and expedition leader Steve Boyes.

When the team is in the Okavango, state-of-the-
art sensors record personal data about expedition 
members every 10 seconds, including heart rate and 
GPS positional data. Team members also post water 
quality data and document animal and bird sightings 
with photos from the field. These data will serve 
as a baseline to which data from future studies can 
be compared. It's all part of an effort to measure 
the natural conditions of the environment and how 
humans continue to affect the Okavango ecosystem.

An African elephant 
ambles across the 
flooded savanna, which 
is a seasonal refuge for 
thousands of elephants 
and other animals.
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FIGURE 7-14 
Architect Hans Vermeulen stands 
on a building block manufactured 
for a house in Amsterdam, 
Netherlands. The block is made 
of bioplastic that contains 80% 
vegetable oil and is recyclable.

SCIENCE FOCUS 17.1
BIOPLASTICS

One of the most useful 
characteristics of plastic—its 
durability—also happens to be 
one of its biggest drawbacks. 
Plastics are made to last, but that 
means they don’t completely break 
down once they’re disposed of. In 
addition, most of today’s plastics 
are made using petroleum-based 
chemicals, or petrochemicals. 
Processing these chemicals creates 
hazardous waste and causes water 
and air pollution. 

The good news is that some 
products are now being made 
from bioplastic. This type of 
plastic is more environmentally 
friendly because it is made from 
biologically based chemicals. 
Bioplastics can be used in the 
manufacture of a variety of 

products, including packaging, 
utensils, and even building 
materials (Figure 17-14).

Henry Ford, who developed 
the first Ford car and founded 
Ford Motor Company, supported 
research on the development of a 
bioplastic made from soybeans and 
another made from hemp. Ford 
even manufactured a car body 
using soy bioplastic. However, 
as oil became cheaper and more 
widely available, petrochemical 
plastics took over the market. 

Now, evidence shows petroleum 
use contributes to climate change 
and other environmental problems. 
Chemists are stepping up efforts 
to make biodegradable and more 
environmentally sustainable 
plastics in response. These 
bioplastics can be made from 

plants such as corn, soy, sugarcane, 
and switchgrass. They can even be 
made from chicken feathers and 
some components of garbage.

Compared with conventional oil-
based plastics, properly designed 
bioplastics are lighter, stronger, 
and cheaper. Making them 
requires less energy and produces 
less pollution per unit of weight. 
Instead of being sent to landfills, 
some packaging made from 
bioplastics can be composted and 
added to soil to improve its health.

Thinking Critically
Make Judgments Considering the 
materials used to make bioplastics, 
would you be willing to buy products 
made from these alternatives to 
plastic? Explain your answer.
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FIGURE 10-1
The Colorado River Basin The area 
drained by this large river basin covers 
much of the southwestern United 
States. This map shows 6 of the river’s 
15 dams. The dams allow little water to 
reach the delta, which is in Mexico.

CASE STUDY
The Colorado River Story
The Colorado River, the major 
river of the arid Southwest, flows 
2,300 kilometers (1,400 miles) 
through seven states to the Gulf 
of California (Figure 10-1). Most of 
its water comes from snowmelt 
in the Rocky Mountains. During 
the past 100 years, the Colorado 
has been tamed by 15 major dams, 
reservoirs, and canals. The canals 
reduce flooding and supply water 
to farms, ranches, and cities.

Major dams along the river have 
hydroelectric plants that supply 
electricity to roughly 40 million 
people in seven states. The river’s 
water is used to produce 15% of 
the nation’s crops and livestock. 
The system also supplies water 
to some of the nation’s driest, 

hottest cities. Without it, Las 
Vegas and Phoenix would become 
uninhabitable desert. San Diego 
and Los Angeles could not support 
their present populations. In the 
Imperial Valley, California’s most 
productive agricultural region, 
crops would wither and die.

So much water is withdrawn 
from the Colorado that little 
of it reaches the sea, and the 
delta has dried up. Since 1999, 
the river’s watershed system 
has also experienced severe 
drought, a prolonged period in 
which precipitation is lower and 
evaporation is higher than normal. 
Managing this shared resource will 
become more challenging as local 
populations and economies grow. 

The Colorado River is part of 
a larger story. In fact, emerging 
shortages of water for drinking and 
irrigation in several parts of the 
world represent one of the major 
environmental challenges of the 
21st century. 

In this chapter, you will learn 
about the freshwater resources 
available to people and why they 
are important. You will learn about 
current and projected shortages in 
freshwater supplies and discover 
steps people can take toward more 
sustainable water use.

As You Read Think about your 
daily water use. Where could you 
conserve? Do you know where 
your fresh water comes from? 

Source: Cengage Learning
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Case Studies and Science 
Focus features encourage 
deeper thinking of 
environmental science 
issues and show human 
decisions require trade-
offs with positive and 
negative impacts

ENGAGE STUDENTS WITH AUTHENTIC 
ENVIRONMENTAL SCIENCE STORIES

EXPLORERS AT WORK

Sustainable 
Agriculture:  
Is It Possible?
with National Geographic Explorer Jennifer Burney

Jennifer Burney has done the math and she doesn’t 
like how it adds up. “We are a world of plenty, yet 
almost a billion people don’t have enough to eat,” 
she notes. “At the same time, the way we produce, 
distribute, and cook food contributes tremendously 
to climate change. Finding a way to lift the world out 
of perpetual hunger without creating an even worse 
climate crisis is an intricate, interwoven problem.”

Dr. Burney is an assistant professor at the University 
of California, San Diego. Her fieldwork takes her to 
parched sub-Saharan farmland where farmers grow 
rain-fed crops on small plots of land and struggle 
to live on about a dollar a day. Crops, income, and 
nutrition are all at the mercy of the rain. Dry seasons 
are hungry seasons, lasting half the year or more.

In a sun-baked land, solar energy offers answers. 
Solar irrigation systems enable Africa’s farmers to 
grow more fruits and vegetables, boosting nutrition 
and family incomes. The electricity that powers 
traditional motorized irrigation systems is too costly 
and the supply is too unreliable. Burney works with 
the Solar Electric Light Fund (SELF) in the country of 
Benin to implement and evaluate solar solutions. 

“I design and evaluate village-scale, solar-powered, 
drip irrigation systems. These systems weaken rainfall 
dependence by boosting dry-season production 

of fruits and vegetables. Systems have now been 
installed in 10 villages, impacting thousands of lives,” 
says Burney. 

These systems combine the efficiency of drip 
irrigation with the reliability of solar-powered water 
pumps. Solar panels speed pumping on sunny days 
and slow it on cloudy days so crops always get the 
water they need. Farmers are now able to grow 
fruits and vegetables on a larger scale, improving 
food security as well as overall income. Families can 
now support access to safe drinking water and build 
schools and small businesses.

Finding ecologically sound ways to cook food is 
another project of Burney’s. Traditional wood-burning 
cook stoves used in many less-developed countries 
create black carbon (soot). The sooty air inside homes 
causes respiratory infections. Outside, soot can have 
the same impact as greenhouse gases. In contrast, 
eco-stoves offer improved ventilation and efficiency 
by significantly limiting emissions and cutting fuel 
use. Burney hopes that the data she’s collected will 
help encourage governments and development 
groups to invest in this green technology.

Thinking Critically
Evaluate Could solar energy applications be effective 
anywhere in the world? Why or why not?
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Jennifer Burney works with 
farmers in Africa to implement solar 
irrigation systems while helping the 
farmers run their businesses.

283

EXPLORERS AT WORK

Rescuing the Colorado 
River Delta 
with National Geographic Explorer Osvel Hinojosa Huerta

Once upon a time the Colorado River surged through 
the Grand Canyon on its journey to the Sea of 
Cortez. Back then, Mexico’s Colorado River delta 
flourished with willow, cottonwood, and mesquite 
forests. Thousands of herons and other birds lined 
its shores. Fast-forward a century, and millions of 
Americans and Mexicans rely on the Colorado River 
for drinking, bathing, irrigation, and industry. The 
river that was once powerful enough to sculpt the 
Grand Canyon has been reduced to a trickle.

The delta that once teemed with life now stretches 
for miles as desert, bare soil, and salty mudflats. 
Invasive species choke out the native trees and fish. 
Migratory bird populations that depend on wetlands 
for wintering or stopover habitats have experienced 
devastating declines. Even more troubling, the river 
no longer reaches the sea during most of the year.

National Geographic Explorer and wetlands 
conservationist Osvel Hinojosa Huerta is determined 
to rescue wetlands on the Colorado River delta from 
the effects of the damming that has brought the river 
to a halt. As Dr. Hinojosa Huerta explains, “When 
dams were planned and constructed, all water rights 
were allocated to cities, agriculture, and industry. No 
one thought about the needs of nature. . . . Today 
about 80% of those wetland areas have been lost.”

Hinojosa Huerta works with environmental 
coalitions, governments, businesses, and citizen 
groups along the Colorado River’s drainage basin to 
save the delta. He and his team use mapping and 

remote sensing to monitor wetland loss. He believes 
restoring just 1–3% of the river’s flow would allow 
it to reconnect with the sea as well as renew about 
80,900 hectares (200,000 acres) of delta wetland.

One successful experiment in 2014 used a “pulse 
flow,” a controlled release of water from behind 
dams into the Colorado River. The pulse flow 
dramatically changed the river’s ecosystem. 
Copepods (microscopic crustaceans) that had been 
dormant in the sand for more than a decade suddenly 
appeared along the river’s edge, feeding on algae. 
Dragonflies fed on the copepods, and in turn they 
attracted carp from upstream. In 2021, another pulse 
flow was released, delivering much-needed water to 
restoration and recreational areas. More are planned 
for the future.

The goal of restoration efforts, Hinojosa Huerta 
says, is to create habitat connectivity. That is key to 
ensuring that birds and other wildlife can find enough 
places in the delta to feed, breed, rest, and nest.

Hinojosa Huerta encourages students to be informed 
about the water they use. “We turn on our tap, but 
we don’t know where the water comes from,” he 
says. “So learn about your watershed . . . and the 
conservation concerns of that watershed.” 

Thinking Critically
Analyze What ecological factors do you think might come 
into play when deciding how to time a pulse flow?
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Osvel Hinojosa Huerta observes 
evidence of water in a previously 
dry channel, the result of a “pulse 
flow” of water released into the 
Colorado River delta. With him is 
National Geographic Freshwater 
Fellow Sandra Postel (featured later 
in this chapter).
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Students experience real-world stories from National Geographic 
Explorers and photographers who inspire students to think 
creatively about solving environmental science problems. Case 
Studies and Science Focus features show how an understanding 
of diverse ecosystems is critical to students’ lives.

Explorers At Work 
show diverse 
perspectives to 
solving real-world 
phenomena using 
concepts from 
the chapter

2



DIGITAL STORYTELLING AND 
ENGAGEMENT

The digital platform makes it easy for students to connect with environmental 
science stories from a variety of perspectives. Geographic Information System 
(GIS) maps connect data and human impacts in a visually stunning way. 
National Geographic and BBC videos and animations engage students further.

3   Visit NGL.Cengage.com/FL-Science to learn more.

http://NGL.Cengage.com/FL-Science


PREPARE STUDENTS FOR  
COLLEGE AND CAREERS

Skills introduced in Environmental 
Science: Sustaining Your World cultivate 
problem-solving and critical thinking 
needed for college and careers. 
Students analyze issues to determine 
impacts, make claims using evidence, 
and build communication and group 
work skills needed beyond high school.

Assessments to Measure Success

The Teacher’s Edition encourages sharing career 
options related to the Explorers At Work features 
and guides teachers to build skills in other high 
school disciplines

Digital and in-book assessments measure different 
Depth of Knowledge as well as fostering practice 
with the Science and Engineering Practices and 
Crosscutting Concepts from the NGSS

471CHAPTER 14 OPENER

• Constructing Explanations and Designing 
Solutions

• Engaging in Argument from Evidence

Disciplinary Core Ideas
• Interdependent Relationships in Ecosystems

• Ecosystem Dynamics, Functioning, and 
Resilience

• Human Impacts on Earth Systems

• Defining and Delimiting Engineering Problems

IN THIS CHAPTER
Crosscutting Concepts
• Stability and Change

• Scale, Proportion, and Quantity

• Systems and System Models

• Structure and Function

Science and Engineering Practices
• Developing and Using Models

• Analyzing and Interpreting Data

• Using Mathematics and Computational Thinking

ACROSS THE CURRICULUM
English Language Arts
Connect to the chapter's concepts about human 
population and urbanization with Scott Kellogg 
and Stacy Pettigrew’s Toolbox for Sustainable 
City Living: A Do-It-Ourselves Guide, which 
provides insight for helping urban dwellers 
adopt more sustainable habits for daily living.

Mathematical Practices
Opportunities in the chapter for students to 
apply mathematics include:

• In Lesson 14.1, have students apply the 
population change formula to their school, 
community, or state.

• Students might research costs of goods to 
mathematically analyze the impact of living 
on $1.90 per day to support Lesson 14.2. 

• To support Lesson 14.3, students might 
graphically illustrate this statistic: A third of 
the world’s urban land and half of U.S. urban 
land is devoted to roads, parking lots, gas 
stations, and other car-related uses.

Social Studies Themes
Opportunities in the chapter for students to 
connect themes to environmental science 
include:

• People, Places, and Environments  
In Lesson 14.2, students might graphically 
compare the demographics of factors that 
affect birth and fertility rates of less-
developed countries and the United States. 

• People, Places, and Environments  
In Lesson 14.4, have students examine ways 
in which vehicle use is being reduced in their 
community. 

• Production, Distribution, and 
Consumption Students could research full-
cost pricing to evaluate programs that are 
already in place. They might select what they 
determine to be the best model and find out 
if the people they know would be willing to 
participate in it.
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CONNECT CONCEPTS 
OCCUPATIONS AND AVOCATIONS

Biogeochemist
Katey Walter Anthony is a biogeochemist, a 
scientist who studies the way elements such 
as carbon and nitrogen cycle through the 
environment. The methane seeps that Walter 
Anthony discovers are part of Earth’s carbon 
cycle, a process that involves the movement of 
carbon compounds among Earth’s spheres.

Climatologist
Climatologists study patterns and long-term 
changes in climate zones around the planet. 
Some climatologists collect data in the field 
while others work on computer models to help 
explain the data.

Arctic Ecologist
An Arctic ecologist is concerned with the 
relationships among the biotic and abiotic 
factors of Arctic ecosystems. Today, many 
Arctic ecologists are concerned with how 
melting permafrost could affect Arctic plants 
and animals as well as Earth’s climate.

Citizen Activist—Sustainable Energy
A number of organizations and their volunteers 
have lobbied officials to support renewable 
energy resources to replace fossil fuels, to 
develop and promote the use of low emission 
and no emission vehicles, and to discover more 
about energy conservation in general.
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STEMTYING IT ALL TOGETHER
Rates of Tropical Forest Loss
In this chapter, you learned how 
human activities are destroying 
or degrading much of the 
world’s terrestrial and aquatic 
biodiversity. For example, you 
learned about deforestation and 
its impact on forests, particularly 
tropical forests. The causes of 
deforestation are complex and 
involve a combination of social 
and economic factors. Solutions to 
this problem are equally complex, 
and often require cooperation 
among individuals, groups, and 
government agencies. 

The Case Study provided a 
strong example of what can 
be achieved when this kind of 
cooperation takes place. Costa 
Rica has become a leader in 
conserving tropical forests. 
Unfortunately, tropical forest 
loss continues to take place at a 
high rate worldwide. Figure 8-21 
illustrates the impact of tropical 
forest loss for a number of 
hypothetical countries. 

Use the table to help you answer 
the questions that follow.
1. What is the annual rate of 

tropical forest loss, as a 
percentage of total forest  
area, in each of the five 
countries? 

2. What is the annual rate 
of tropical deforestation 
collectively in all of the 
countries represented in  
the table?

3. According to the table, 
and assuming the rates of 
deforestation remain constant, 
which country’s tropical forest 
will be totally destroyed first?

4. Assuming the rate of 
deforestation in country C 
remains constant, how many 
years will it take for all of 
its tropical forests to be 
destroyed?

5. If you were a government 
representative in one of these 
countries, what measures would 
you recommend to reduce the 
rates of tropical deforestation 
in your country and why?

FIGURE 8-21 

Country

Area of  
Tropical Rain Forest  
(square kilometers)

Area of 
Deforestation  

per Year  
(square kilometers)

A 1,800,000 50,000

B 55,000 3,000

C 22,000 6,000

D 530,000 12,000

E 80,000 700

 8.5 Assessment

1. Summarize What factors make it difficult to 
protect marine biodiversity? 

2. Explain What effect do rising carbon dioxide (CO2) 
emissions have on aquatic species whose shells 
and bones are composed of calcium carbonate 
(CaCO3 )?

3. Apply How does overexploitation of oceans 
illustrate the tragedy of the commons?

4. Evaluate The Food and Agriculture Organization 
claims “the state of world fisheries presents 
us with pressing ecological, economic, social, 
and political challenges with significant ethical 
implications.” Use details from the text to evaluate 
this statement.

SCIENCE AND ENGINEERING PRACTICES
5. Communicating Information Draw a diagram to 

illustrate the chain of events that leads to formation 
of a dead zone.
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EXPLORERS AT WORK

Eco-Paradise at  
Serra Bonita
with National Geographic Explorer Vitor Becker

Vitor Becker takes a few moments each day to do 
something that hardly anyone else in the world can 
do: He feeds a buzzing flock of tiny hummingbirds 
from the palm of his hand. As you might imagine, this 
isn’t something that happens in a suburban backyard, 
but at Serra Bonita, a nearly 2,225 hectare (5,000 
acre) nature reserve named for the Serra Bonita 
Mountain in the Atlantic Forest of Brazil.

About the Atlantic Forest: There’s good news and 
bad news. It’s one of the most diverse biomes in the 
world. It is also one of the most destroyed in Brazil—
only 8% of its original forests remain. Still, the region 
continues to have very high species diversity. In fact, 
protected areas like Serra Bonita are a refuge for 
thousands of species not found anywhere else in the 
world. This lush rain forest and the species it nurtures 
lead Becker to call Serra Bonita an “eco-paradise.”

Dr. Becker studied forestry and trained as an 
entomologist, which is a scientist who studies 
insects. He, his wife, and their daughter—with help 
from National Geographic and many others—all work 
to maintain the reserve. Think about these numbers: 
More than 350 bird species, roughly 1,200 vascular 
plant species, and more than 70 frog species have 
been identified at Serra Bonita. Protecting them is no 
small task. The Brazilian rain forest is often a difficult 
place for conservationists to work because of illegal 
logging operations and other threats.

Despite that, the family plans to expand the 
reserve—and is committed to education too. The 
research center at Serra Bonita houses laboratories, 
collection rooms, and a library. The center supports 
many research projects that yield new information 
nearly every day. 

Hummingbirds aren’t Becker’s only concern. There 
are also the thousands of moth species he has 
identified at Serra Bonita. Check out online videos on 
Serra Bonita, and you’ll find howler monkeys sitting 
on his shoulders. And, though you won’t see them in 
the videos, Becker knows puma prowl through the 
reserve, now free of threat from hunters.

The Serra Bonita website offers ideas for how to 
get involved in this great project, but there are 
many ways to take up the causes of ecosystem 
conservation and species preservation. You could 
start by asking questions about your own region. 
What plants and animals live there, and are they 
thriving—or just barely surviving? Consider starting a 
citizen science project to identify species in the area. 
Look for ways you can help and then set out to do it.

Thinking Critically
Draw Conclusions Even though only 8% of the original 
forests remain, the Atlantic Forest is still considered one of 
the most diverse regions on Earth. Can you conclude from 
these facts that the loss of forests has had little effect so far 
on the number of species found there? Why or why not?
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Students have 
many opportunities 
to practice critical 
thinking skills

for better survival of a species, this is not necessarily 
the goal of humans’ selective methods. 

Artificial Selection Through artificial selection, 
humans change the genetic characteristics of 
populations with similar genes. First, they select one 
or more desirable genetic traits that already exist in 
the population of a plant or animal. Then they control 
which members of a population have the opportunity 
to reproduce. They use selective breeding, or 
crossbreeding, to increase the numbers of individuals 
in a population with these desired traits. 

Crossbreeding is a practice that dates back some 
10,000 years, to the time when humans began to 
herd animals and cultivate crops. Most of the grains, 
fruits, and vegetables we eat have been produced by 
artificial selection. Artificial selection also has given 
rise to food crops with higher yields and cows that 
produce more milk. 

As mentioned earlier, artificial selection may be at 
odds with natural selection. It may favor traits that 
would not naturally be expressed, as they do not 
contribute to a species’ survival. Artificial selection 
accounts for the fact that a breed of cat may be 
hairless or a breed of horse may be miniature in size. 
It is the mechanism by which a single species of wild 
mustard plant has given rise to Brussels sprouts, 
cabbage, cauliflower, broccoli, and kale.

Artificial selection is limited to crossbreeding 
between genetic varieties of the same species or 
between species that are genetically similar.  Artificial 
selection is also limited by the time it takes animals 
to grow and reproduce. It may be a slow process, 
taking years or even thousands of years.

Genetic Engineering Now scientists also use 
genetic engineering to rapidly manipulate genes 
in order to select desirable traits or eliminate 
undesirable ones. Scientists are able to alter an 
organism’s genetic material by adding, deleting, or 
changing segments of its DNA. This process is called 
gene splicing. Genetic engineering also enables 
scientists to transfer genes between different species 
that would not interbreed in nature. 

Genetic engineering techniques have been applied 
to a variety of industries, most notably food and 
medicine. For example, corn and soybeans have 
been genetically engineered to better resist pests 
and disease. Commercial species of fish have been 
genetically engineered to grow faster and bigger. 
Bacteria have even been genetically engineered to  
be able to digest toxic metals.

New organisms created by genetic engineering 
are called genetically modified organisms 
(GMOs). According to the U.S. Department of 
Agriculture (USDA), at least 80% of food products 
on supermarket shelves contain some form of 
genetically engineered ingredients. The USDA also 
states that GMOs pose no health safety threat, 
although this conclusion is controversial. Consumer 
concern remains regarding the presence of GMOs in 
food, and many shoppers actively look for products 
labeled as “non-GMO” or “100% organic.” To further 
aid consumers, a law was passed in 2018 called the 
National Bioengineered Food Disclosure Standard 
(NBFDS). It requires a “bioengineered” label for 
products containing GMOs and applies to most 
national food manufacturers and importers. They 
must be in full compliance as of 2022.

A new and rapidly growing form of genetic 
engineering is synthetic biology. Whereas many 
genetically modified crops today contain a single 
engineered gene, synthetic biology makes it easier to 
generate larger clusters of genes and gene parts. This 
technology enables scientists to make new sequences 
of DNA. They use genetic information to design and 
create cells, tissues, organisms, and devices, and 
redesign existing natural biological systems. Much 
of the activity in synthetic biology is in the fields of 
pharmaceuticals, diagnostic tools, chemistry, and 
energy products such as biofuel (Chapter 13). 

checkpoint How does artificial selection differ from 
natural selection?

 4.4  Assessment

1. Explain What are three possible outcomes for 
species when rapid environmental changes occur?

2. Compare and Contrast How are the results of 
artificial selection and genetic engineering alike and 
different?

SCIENCE AND ENGINEERING PRACTICES
3. Engaging in Argument How do farmers benefit 

from growing GMO crops? Do consumers benefit 
in any way? Do these benefits warrant the use of 
GMO crops or not? Use the text and your own 
research to develop and support your argument.

CROSSCUTTING CONCEPTS
4. Stability and Change Describe how the balance 

between speciation and extinction determines 
Earth’s biodiversity and what happens when 
extinction outpaces speciation.
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SCIENCE FOCUS 4.1
INSECTS AND ECOSYSTEM 
SERVICES

Many people tend to consider 
insects as pests based on their 
experience with them. Insects may 
compete with us for food. They 
may bite or sting us or even infect 
us with diseases such as malaria. 
They may invade our lawns, 
gardens, and houses. 
 But insects also play a number 
of vital roles in sustaining life on 
Earth. They are a source of food 
for myriad animals—as well as 
people in some parts of the world. 
Insects also provide a number of 
ecosystem services: 

• Pollination is a crucial 
environmental service that 
allows flowering plants to 
reproduce. When pollen 
grains from the flower of one 
plant are transported to the 
receptive part of another 

plant of the same species, 
reproduction occurs. Some 
80% of flowering plant 
species depend on animals 
for pollination, and the vast 
majority of these pollinators 
are insects. 

• Insects may improve soil health. 
Insects that are decomposers or 
detritivores help return organic 
matter and nutrients to soil 
(Figure 4-6). Insect activities 
may also loosen topsoil. This 
helps aerate the soil and 
improves water drainage. 

• Insects that eat other insects 
provide natural pest control. 
They limit populations of at 
least half the insect species 
considered to be pests.

Certain environmental changes 
around the world are threatening 
insect populations and their 
ecosystem services. Human 

activities are causing some of the 
changes. Entomologists—scientists 
who study insects—are seeking to 
better understand impacts from 
these environmental threats. 

One major threat that concerns 
entomologists is colony collapse 
disorder, a disease that is plaguing 
honeybees in the United States 
and elsewhere. Honeybees are 
extremely important pollinators. 
Their decline threatens to disrupt 
whole ecosystems that depend 
on bees for pollination. It will also 
disrupt the production of crops 
important to our food supply. This 
serious environmental problem is 
discussed more fully in Chapter 7.

Thinking Critically
Analyze How are insects both a 
threat and an aid to a sustainable  
food supply for humans?

FIGURE 4-6 
These dung beetles perform an 
important ecosystem service. They 
aid in the decomposition of animal 
waste, which releases nutrients 
back into the soil.

C H A P T E R 4 B I O D I V E R S I T Y A N D E VO LU T I O N114

4



CHAPTER 4 BIODIVERSIT Y AND EVOLUTION120

KEY TERMS STRATEGY

ENGLISH LANGUAGE LEARNERS Make 
Word Connections Before reading, ask students 
“or” questions, such as the following, and have 
them guess the answers orally. Repeat the 
questions after students have read the lesson.

• Is a fossil a permanent change in DNA or the 
preserved remains of prehistoric organisms?

• Does adaptation mean a trait that gives an 
individual an advantage or variety in the genetic 
makeup of individuals in a population?

LESSON RESOURCES

Online
• Watch “Amazing Changes in Genes”; “DNA 

Samples from Fossils, with Beth Shapiro”; 
“Responses to Environmental Changes”

• National Geographic Weekend: Listen to Edward 
O. Wilson

• Cognero test bank

LESSON 4.3

ENGAGE
BRAINSTORM Changing Organisms  

Share pictures that depict prehistoric 
landscapes and animals, such as dinosaurs, 
saber-toothed tigers, woolly mammoths, and 
megalodon sharks. Have students brainstorm 
modern day animals that might be related to 
these prehistoric examples and theorize why 
such species no longer exist on Earth today. 

EXPLORE
READ WITH PURPOSE Create a 

T-chart As students read, have them fill out a 
T-chart. They can list the main idea under each 
heading in the left column and the details that 
support it in the right column.

SCIENCE TALK Genetic Diversity Elicit 
from students what they learned about genetic 
diversity in Lesson 4.1. Then have pairs work 
together to identify relationships between this 
concept and the ideas of evolution and natural 
selection. Have them state their relationships in 
the form of claims supported by evidence. 

FIGURE 4-11 ufish fossil

checkpoint fossils, ice core samples, 
fossilized tree resin
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ACROSS THE CURRICULUM
English Language Arts
Connect the chapter’s focus on species 
interactions, ecological succession, and 
population control to The Rarest of the Rare: 
Vanishing Animals, Timeless Worlds by Diane 
Ackerman. This book, appropriate for high-
school readers, relates observations about the 
disappearance of rare and endangered species 
and ecosystems. Ackerman shares insights 
from her personal encounters with wildlife 
and covers topics such as feeding, migration, 
courtship, and mating.

Mathematical Practices
Opportunities in the chapter for students to 
apply mathematics include:

• Students can use mathematics to explain 
the exponential and logistic growth shown in 
Figure 5-10.

• To support Figure 5-13, students can research 
to find examples of early, constant, and late 
loss survivorship curves and explain the 
numbers in each case.

Social Studies Themes
Opportunities in the chapter for students to 
connect themes to environmental science 
include:

• People, Places, and Environments 
Students might find out more about the 
interactions between people and the 
environment at Cortes Bank, a fishing, 
surfing, and diving location about 160 
kilometers (100 miles) off the coast of 
California. Students can learn how the 
ecosystem and geography there have both 
helped and harmed humans and conversely, 
how humans have both helped and harmed 
this kelp forest ecosystem.

• People, Places, and Environments 
Students might find out more about Kiska 
Island, addressed in the Case Study, to 
determine why it is so geographically unique.

• People, Places, and Environments 
In Lesson 5.3, students might conduct 
research to take a historical look at human 
population density, carrying capacity, and 
population crashes.

IN THIS CHAPTER 
Crosscutting Concepts
• Cause and Effect

• Systems and System Models

• Stability and Change

Science and Engineering Practices
• Developing and Using Models

• Analyzing and Interpreting Data

• Constructing Explanations

• Using Mathematics and Computational Thinking

• Obtaining, Evaluating, and Communicating 
Information

Disciplinary Core Ideas
• Interdependent Relationships in Ecosystems

• Ecosystem Dynamics, Functioning, and 
Resilience

• Natural Selection

• Adaptation

• Biodiversity and Humans
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SCIENCE IN ACTION

SCIENCE TALK Invasive Birds  
Explain to students some of the most common 
species of animals in the United States are 
actually not native to this country. Two examples 
are house sparrows and European starlings. Both 
species are common visitors to backyards across 
America. However, neither species existed in the 
United States 200 years ago. House sparrows 
and European starlings were both imported from 
Europe and intentionally released here during the 
second half of the19th century. House sparrows 
were released in hopes they would control certain 

insect pests. European starlings were released by 
a group of Shakespeare enthusiasts as part of an 
effort to make the United States home to every 
bird ever mentioned in the playwright’s works. Both 
species have become established throughout the 
United States and are known to outcompete native 
birds such as bluebirds for nest sites. 

Find Out More Have students further research 
the impacts that house sparrows and European 
starlings have had on bluebirds as well as 
programs established to help bluebirds recover. If 
possible, have students participate in a bluebird 
nestbox program in your area.

EXPLORE (CONTINUED)

 DIFFERENTIATED INSTRUCTION  
Specialist Species Review with students 
the characteristics of specialist species. Have 
students research one specialist species 
and use the characteristics you discussed to 
determine why it is considered a specialist.

• Struggling Students: Have students 
research one of the species listed in the text. 
Students should write a summary paragraph 
describing the species’ specialized diet and/
or habitat.

• Advanced Learners: Have students choose 
their own species to research. Students 
should explain what makes the species 
a specialist and use evidence from their 
research to develop a scenario that describes 
an environmental disturbance and its impact 
on this species.

EXPLAIN
MISCONCEPTION Niche and Habitat  

Some students may have trouble understanding 
the difference between an ecological niche and 
a habitat. Have students search the text for 
definitions of both niche and habitat and guide 
them to clarify the difference between the two 
key terms. Prompt:

•  A habitat is like an organism’s “address” and 
its niche is like its . . .

• A niche is an organism’s way of fitting in and 
a habitat is an organism’s . . .

INTERPRET VISUALS Niches and 
Resource Use Have students refer to Figure 
4-7. Guide them to understand the purpose of 
the graph. Ask:

• What do the colored lines represent on the 
graph? (ecological niches of specialist and 
generalist species)

• What is the significance of the shape of the 
colored lines? (The narrow shape indicates 
resource use that is typical of specialist 
species and the wide shape indicates 
resource use that is typical of a generalist 
species.)

• What are examples of resource use, the 
variable on the x-axis? (food, habitat, water 
conditions)

• What statement can you make about each 
species shown in terms of its resource use? 
(Sample response: The giant panda is a 
specialist and uses a very specific set of 
resources. The raccoon is a generalist and 
can use a variety of resources.)
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ACROSS THE CURRICULUM
English Language Arts
Connect the chapter’s focus on species 
interactions, ecological succession, and 
population control to The Rarest of the Rare: 
Vanishing Animals, Timeless Worlds by Diane 
Ackerman. This book, appropriate for high-
school readers, relates observations about the 
disappearance of rare and endangered species 
and ecosystems. Ackerman shares insights 
from her personal encounters with wildlife 
and covers topics such as feeding, migration, 
courtship, and mating.

Mathematical Practices
Opportunities in the chapter for students to 
apply mathematics include:

• Students can use mathematics to explain 
the exponential and logistic growth shown in 
Figure 5-10.

• To support Figure 5-13, students can research 
to find examples of early, constant, and late 
loss survivorship curves and explain the 
numbers in each case.

Social Studies Themes
Opportunities in the chapter for students to 
connect themes to environmental science 
include:

• People, Places, and Environments 
Students might find out more about the 
interactions between people and the 
environment at Cortes Bank, a fishing, 
surfing, and diving location about 160 
kilometers (100 miles) off the coast of 
California. Students can learn how the 
ecosystem and geography there have both 
helped and harmed humans and conversely, 
how humans have both helped and harmed 
this kelp forest ecosystem.

• People, Places, and Environments 
Students might find out more about Kiska 
Island, addressed in the Case Study, to 
determine why it is so geographically unique.

• People, Places, and Environments 
In Lesson 5.3, students might conduct 
research to take a historical look at human 
population density, carrying capacity, and 
population crashes.

IN THIS CHAPTER 
Crosscutting Concepts
• Cause and Effect

• Systems and System Models

• Stability and Change

Science and Engineering Practices
• Developing and Using Models

• Analyzing and Interpreting Data

• Constructing Explanations

• Using Mathematics and Computational Thinking

• Obtaining, Evaluating, and Communicating 
Information

Disciplinary Core Ideas
• Interdependent Relationships in Ecosystems

• Ecosystem Dynamics, Functioning, and 
Resilience

• Natural Selection

• Adaptation

• Biodiversity and Humans
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EXPLAIN

 QUICK HANDS ON Mathematics 
Connection The angular walls on the building 
shown in Figure 2-4 are made up of triangular 
pieces placed together. This is an example of a 
tessellation, which is created when one or more 
shapes are repeated to cover an area without 
any gaps. Ask students to create a tessellation 
using a shape other than a triangle. An easy 
way to do this is to create a stencil for the 
shape. Begin by cutting a square piece of paper 
into two or four different pieces. Then tape the 
pieces back together on opposite sides with 
their straight edges aligned.

FIGURE 2-3 Differences between the two 
practices are that engineers focus on defining 
problems and designing solutions, whereas 
scientists ask questions and form explanations.

READY TO GO Engineering Solutions  
Ask students or groups of students to use the 
practice of defining problems and compile 
a class list of all potential problems that 
engineers could have been using to guide their 
design of the building facade.

BRAINSTORM Engineering for 
Efficiency Conduct an internet search for an 
image of the Al Bahr Tower from a distance to 
support Figure 2-4. Point out that the engineers 
needed to understand how energy transforms 
from light to heat. Ask:

• What are some other science concepts the 
engineers would have needed to understand? 
(Sample responses: revolution of Earth and 
the effect of tilt on the path of solar energy, 
weather patterns in the area, the mechanics 
of hinges)

• What other criteria might the engineers have 
had to consider when designing these walls? 
(Sample responses: cost, appearance, safety 
of operation)

ENGINEERING FOCUS 2.1

SCIENCE TALK Engineers vs. 
Scientists Review with students the connection 
between an engineer and a scientist. Ask: 
How do engineers and scientists rely on one 
another? (Engineers use the knowledge gained by 
scientists to develop new tools to solve problems, 
and scientists use these tools to obtain new 
information.) 

Thinking Critically Sample answers: Tools 
that have led to new scientific knowledge 
include the microscope, telescope, computer, and 

thermometer. Technologies that have led to new 
scientific knowledge include the nuclear reactor, 
combustion practices, turbines, solar power, and 
CT and MRI scans.

044-065_ES_TE71775_U1C02.indd   50044-065_ES_TE71775_U1C02.indd   50 16/11/22   6:45 PM16/11/22   6:45 PM

COURSE SUPPORT AND 
TEACHER TOOLS

Teachers are supported in the classroom with a thoughtfully designed Teacher’s 
Edition and a wealth of teacher resources built in to the MindTap digital platform.

Teacher’s Edition

The print and digital resources guide teachers through each 
unit and chapter to prepare students for 3-Dimensional skills, 
practices, and Performance Expectations including lessons 
built on the 5E lesson model, background information, and 
connections to Math and English Language Arts.

Teachers are provided 
with targeted support 
for 3D instruction, 
differentiated 
instruction, and 
cross curricular 
connections to Math, 
English Language 
Arts, and other 
science disciplines.

ALIGNED 
TO THE  

NGSSS

5   Visit NGL.Cengage.com/FL-Science to learn more.

http://NGL.Cengage.com/FL-Science


“National Geographic,” “National Geographic Society,” and the Yellow Border Design are registered trademarks of the 
National Geographic Society ®Marcas Registradas. AP® is a trademark registered and/or owned by the College Board, 
which was not involved in the production of, and does not endorse, this product.

@NatGeoLearning @ExploreInside @NatGeoLearning

AP
RI

L 
/ 

20
23

9 7 9 8 2 1 4 0 8 3 5 0 6

9 0 0 0 0

Get the power of National Geographic for all your core and 
on-level science needs. See our other high school solutions 
for a true National Geographic experience.

Environmental Science: Sustaining Your 
World, Florida Edition is part of our 
series to meet the needs of on-level, 
honors, and AP® Environmental 
Science. Help students become expert 
problem-solvers and to think critically 
about science issues with our high 
school environmental science solutions.

All environmental science programs 
are authored by G. Tyler Miller and 
Scott E. Spoolman who deliver a 
consistent voice across the series 
with a commitment to sharing 
stories of sustainability and positive 
environmental outcomes.Honors

Environmental 
Science

E
nvironm

ental S
cience

G. Tyler Miller  •  Scott Spoolman

M
iller 

Spoolm
an

EDITION

16

EDITION

16

SCHOOL BINDING

 HS/ Miller/Spoolman - Environmental Science, 16th Edition  ISBN: 978-1-337-56974-3  ©2019 Designer: Denise Davidson
  Cover Printer: Quad  Binding: Paper  Trim: 9" x 10.875"  CMYK 

National Geographic Learning, a part of Cengage Learning, is pleased to offer programs for advanced, honors, and electives 

courses. To contact your National Geographic Learning representative, please call us toll-free at 1-888-915-3276 or visit us at 

NGL.Cengage.com.

Miller_9781337569_APse_PrelimMech.indd   1 7/25/17   1:33 PM

AP®

Exploring EN
VIRO

N
M

EN
TA

L SCIEN
CE

 
FOR A

P
®

MILLER

SPOOLMAN

G. TYLER MILLER

SCOTT E. SPOOLMAN

 ENVIRONMENTAL SCIENCE
Exploring

FOR AP®

AP® is a trademark registered by the College Board, which is not affiliated with, and does not endorse, this product.

National Geographic Learning, a part of Cengage, is pleased to offer programs for advanced, honors, and electives courses. 
Please contact your National Geographic Learning representative for more information.

AP® is a trademark registered by the College Board, which is not affiliated with, and does not endorse, this product.

1-888-915-3276 NGL.Cengage.com

 SE/ Miller/Spoolman - Exploring Environmental Science for AP® Enhanced AP® Edition ISBN: 9798214069593 Designer: Denise Davidson
Text Printer: Quad  Cover Printer: Quad  Binding: CB   Trim: 9" x 10.875"  CMYK 

E N H A N C E D  A P ®  E D I T I O NE N H A N C E D  A P ®  E D I T I O N
ENHANCED AP® 

EDITION

For more information, visit 
NGL.Cengage.com/FL-Science

http://NGL.Cengage.com
http://NGL.Cengage.com/FL-Science
http://NGL.Cengage.com/FL-Science

