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Best in Class Digital Resources
Principles of Environmental Science: Inquiry and Application includes a robust array of media-rich tools 
that bring meaningful experiences, purposeful lessons, and personalized support to the environmental 
science classroom.

• An interactive eBook and an adaptive SmartBook help 

course content.
• Targeted recommendations guide students to areas  

that need remediation.
• Advanced reporting features allow teachers to track  

individual and whole-class progress with actionable 
insights.

• Full-color animations, art file libraries, and interactive 
activities enhance instruction and reinforce key concepts.

Mobile Ready: Assignments are accessible both 

Environmental 
SCIENCE 

Inquiry & Application

Principles of

Principles of
EN

V
IRO

N
M

EN
TA

L SC
IEN

C
E

IN
Q

U
IRY AN

D
  

APPLIC
ATIO

N
C

U
N

N
IN

G
H

A
M

Guided and Open Inquiry Lab Experiences
Environmental Science Laboratory Manual includes 33  
labs divided into two types: guided inquiry and open  
inquiry. Guided inquiry labs provide a more structured  
lab experience, while open inquiry labs allow students to  
design their own investigations.

• Each lab begins with a problem that establishes the purpose  
of the lab.

• Objectives focus students on the learning outcomes of the  
investigation.

• Questions and charts provide opportunities for application.
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In the 1980s, fishing crews began observing large areas in the  
Gulf of Mexico, near the Mississippi River mouth, that were nearly 
devoid of aquatic life in early summer (fig. 3.1). This region supports 
shrimp, fish, and oyster fisheries worth $250 to $450 million  
per year, so this “dead zone” was an economic disaster, as well as 
an ecological one. Marine biologists suspected that the Gulf 
ecosystem was collapsing because of oxygen deprivation.

To evaluate the problem, marine scientist Nancy Rabelais began 
mapping areas of low oxygen concentrations along the 
 Louisiana coast in 1985. Every summer since then, she has 
found vast areas with oxygen concentration below 2 parts per 
million (ppm). At 2 ppm, nearly all aquatic life, other than 
microorganisms and primitive worms, is eliminated. In 2017 the 

Gulf’s hypoxic (oxygen-starved) area was the largest ever, at  
22,730 km2 (8,776 mi2), an area the size of New Jersey.

What causes this huge dead zone? The familiar process of eutrophi-
cation, visible in golf course ponds and city parks, is responsible. 
Eutrophication is the explosive growth of phytoplankton (tiny, 
floating algae and bacteria) that occurs when scarce nutrients 
become available. Normally, scarcity of key nutrients limits algae, 
but a flush of nutrients allows explosive growth. The algae and 
phytoplankton then die and decay. During the decay process, 
decomposers use up nearly all the available oxygen, especially 
near the seabed where dead matter falls and collects. Rabelais 
and her team observed that each year, 7 to 10 days after large 
spring rains in the farmlands of the upper Mississippi watershed, 

CHAPTER 3
Environmental Systems: Matter, Energy, and Life

CER  Case Study: Death by Fertilizer: Hypoxia in the Gulf of Mexico 
Crosscutting Concepts: Stability and Change 
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The flow of nitrogen reaching U.S. coastal waters has grown by 
eightfold since the 1950s. Phosphorus, another key nutrient, 
has tripled. Despite decades of efforts to control nutrients 
upstream, the dead zone has continued to grow, as intensifica-
tion of agriculture upstream continues.

The movement of nutrients and energy determines how 
ecosystems function and how organisms and biological 
communities flourish or collapse. These topics set the stage 
for much of the rest of our study of environmental science. In 
this chapter we examine terms of matter and energy, key 
elements in living systems, and how they contribute to 
ecosystems and communities. 

Claim, Evidence, Reasoning
Make Your Claim: Use your CER chart to make a claim about 
how fertilizer use affects the Gulf of Mexico. Explain your 
reasoning.

Collect Evidence: Use the lessons in this chapter to collect 
evidence to support your claim. Record your evidence as you 
move through the chapter.

Explain Your Reasoning: You will revisit your claim and 
explain your reasoning at the end of this chapter.

 GO ONLINE to access your CER chart and explore 
resources that can help you collect evidence.
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oxygen concentrations in the Gulf 
would drop from 5 ppm to less 
than 2 ppm. Spring rains are 
known to wash nutrient-rich soil, 
organic debris, and fertilizers 
from farm fields. Pulses of 
agricultural runoff into the Gulf 
are followed by a profuse growth 
of algae and phytoplankton, 
which drifts to the seabed. 
Normally, shrimp, clams, oysters, 
and other filter feeders consume 
this debris, but they can’t keep up 
with the sudden flood of material. 
Instead, decomposing bacteria in 
the sediment multiply and 
consume the dead material, using 
up most of the dissolved oxygen 
in the process. Putrefying 
sediments also produce hydrogen sulfide, which further poisons 
the water near the seafloor.

In well-mixed water bodies, such as the open ocean, oxygen 
from the surface mixes down into lower layers. But warm, 
protected water bodies like the Gulf are often stratified: 
Abundant sunlight keeps the upper layers warmer and less 
dense than lower layers; cold, dense layers lie stable at depth, 
and fresh oxygen from the surface can’t mix downward. Fish 
may be able to swim away from the hypoxic zone, but bottom 
dwellers often simply die. Widespread fish kills are also 
associated with hypoxia in enclosed waters.

First observed in the 1970s, dead zones now occur along the 
coast of nearly every major populated region. The number 
increases almost every year, and more than 400 are now 
known. They occur mainly in enclosed coastal waters, which 
tend to be stratified and are vulnerable to nutrient influxes, such 
as Chesapeake Bay, Long Island Sound, the Mediterranean Sea, 
the Black Sea, and China’s Bohai Bay. But they have also been 
observed on open coastlines.

Can dead zones recover? Yes. If the influx of nitrogen stops, the 
system can return to normal. In 1996 in the Black Sea region, 
farmers in collapsing communist economies were forced to cut 
nitrogen fertilizer use in half, as fertilizer subsidies collapsed. 
The Black Sea dead zone disappeared, while farmers saw little 
decline in their crop yields. But in the Mississippi River water-
shed, farmers upstream are far from the Gulf and its fisheries. 
Midwestern policymakers have shown little interest in what 
happens to fisheries in Louisiana.

FIGURE 3.1 A hypoxic “dead zone” about the size of New Jersey forms 
in the Gulf of Mexico each summer, the result of nutrients from the 
Mississippi River. Source: N. Rabalais, LSU/LUMCON, http://www.noaa.
gov/media-release/gulf-of-mexico-dead-zone-is-largest-ever-measured
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Chapter 4 Evolution, Species Interactions, and Biological 
Communities

Chapter 5 Human Populations

Chapter 6 Biomes and Biodiversity

UNIT 2
Ecology and the Natural World

cun700662_ch03_066-106_36573.indd   66cun700662_ch03_066-106_36573.indd   66 02/10/21   12:01 PM02/10/21   12:01 PM

Healthy environment: How do we solve complex problems?
Global challenges are often too large and complex to address as a single problem. When viewed as collec-
tions of challenges that are smaller in scope, the grander problems can feel more approachable, with solu-
tions more achievable. Some solutions might need simultaneous implementation, while others might need 
to be completed in a step-wise fashion.

  GO ONLINE to break down one of the many marine challenges currently facing society into a more 
approachable problem. In this project, you will break down a complex real-world problem facing the marine 
environment into sub-problems and identify their stakeholders and constraints through research.

Environmental Career Focus: Ecologist
During your education, have you found yourself specifically interested and curious about how life is intri-
cately connected to other organisms and the environment around it? For example, if you have wondered 
how a chameleon has evolved very specific defense mechanisms that allow it to change the color of its 
body to match the immediate environment around it, you may enjoy studying ecology. Evolution, species 
interactions, biodiversity, and population dynamics are a few of the topics that ecologists study. Ecologists 
work in fields such as environmental consulting, education, and public service. Students interested in 
ecology benefit from the pursuit of a bachelor’s degree in areas such as biology, chemistry, and environ-
mental science. Filling the role as a volunteer or student assistant in a lab are great ways to learn about the 
practical application of ecology and to gain experience in the field. 

Charles Darwin is considered by some to be the greatest biologist and contributor to ecology that we know. From 
his experiences on the famous HMS Beagle voyage, Darwin developed the theory of evolution through natural 
selection. Darwin’s story is an excellent testament to the inherent necessity of observation required in ecology.

 GO ONLINE to explore more environmental science careers with the Career Focus Inquiry Activities.
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A Current and Applied Approach, Aligned for Tennessee Success 
Crafted specifically for a high school environmental science course, Tennessee Principles of Environmental Science: Inquiry & 
Application is true to its title with an up-to-date, introductory view of the essential themes of the course and numerous opportunities 
for students to practice scientific thinking and active learning. Accessible pedagogical tools lead students to apply science and 
engineering practices, work with real-world data, and better understand environmental science and all of its complexities. 

Presented in a single-column format for optimal readability and organized into four units with scientific and engineering practice 
integration, this feature-rich program was designed to support student success.

	■ Unit Projects, Case Studies, Data Analysis Labs, and Use the Practice activities apply science and engineering practices  
to real-world issues related to the field of study.

	■ Chapter Case Studies and Claim, Evidence, Reasoning boxes prompt students to develop and research their own claim  
to enhance investigation and reasoning skills. 

	■ Math Connection provides opportunities to practice quantitative and computational thinking skills.
	■ Realistic, three-dimensional, instructional figures provide depth and orientation to complex structures and processes.
	■ The Teacher Manual, available in print and online, includes teaching strategies, pacing, activities with differentiated  

instruction, and EL and visual-literacy support.

Enhanced Pedagogy and Student Support
Each chapter begins with a Case Study. This allows students to 
encounter a phenomenon related to the chapter at hand, links 
to an online Claim, Evidence, Reasoning chart, and is revisited 
as part of the Chapter Review. As part of the Case Study, 
students are asked to make a claim, collect evidence, and 
explain their reasoning.

Putting Scientific Thinking  
Into Practice
Unit Projects are an opportunity for students 
to apply the science and engineering practices 
to real-life problems related to environmental 
science to understand the impacts on their own 
lives and how scientists study complex problems.

Environmental Career Focus
Career Focus features invite students to 
explore career options related to environmental 
science. Online focus activities allow students 
to explore career options in more depth. 

2   Tennessee Environmental Science
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How do energy and matter move through systems?
Movement of energy and matter unites the parts of a system. In the Gulf of Mexico (opening case study), movement of water 
and nutrients supports photosynthesis, which supports the ecosystem. But excess nutrients can trigger so much algal and bacterial 
growth that the system becomes unstable. For ecosystems in general, it is helpful to group organisms by trophic levels (feeding 
levels). In general, primary producers (organisms that produce organic matter, mainly green plants) are consumed by herbivores 
(plant eaters), which are consumed by primary carnivores (meat eaters), which are consumed by secondary carnivores. Decompos-
ers consume at all levels and provide energy and matter to producers.

Why do we find a pyramid of biomass?
Each trophic level requires a great deal of biomass at lower 
levels because energy is lost through growth, heat, respiration, 
and movement. This inefficiency is consistent with the second 
principle of thermodynamics, that energy dissipates and 
degrades to lower levels as it moves through a system.

A general rule of thumb is that only about 10 percent of the 
energy in one trophic level is represented in the next higher 
level. For example, it takes roughly 100 kg of clover to make  
10 kg of rabbit, and 10 kg of rabbit to make 1 kg of fox.

In this example, numbers show the percentage of energy that is 
incorporated into biomass at the next level. Here decomposers are 
grouped with producers

Top carnivores

Primary carnivores

Herbivores

Producers

Detritivores
and decomposers

0.1%

1.8%

16.1%

100%

24.2%

Key Concepts

Primary
Producers Herbivores Carnivores

Consumed

Consumed

Not consumed

Not
consumed

Body
growth

Digested

Undigested

Digested

Undigested

Respiration

Respiration

Decomposers and
sediments

Heat

Decomposers and
sediments

Heat

Body
growth

Why is there less energy in each successive trophic level?

 1. Some of the food 
that organisms eat is 
undigested and 
doesn’t provide 
usable energy.

 2. Some chemical energy 
(food is converted to 
movement (kinetic 
energy) or to heat 
energy, which 
dissipates to the 
environment. Energy 
used in growth—for 
example, in accumula-
tion of muscle 
tissue—remains 
available for consump-
tion at the next level.
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What happens if the pyramid is disrupted?
Ecosystems undergo many types of disturbances and disruptions. Often ecosystems recover in 
time; sometimes they shift to a new type of system structure. Forest fire is a disturbance that 
eliminates primary production for a short time. Fire also accelerates movement of nutrients 
through the system, so that nutrients once locked up in standing trees become available to 
support a burst of new growth.

Removal of other trophic levels also disturbs an ecosystem. If there are too many predators, prey 
species will decline or disappear. An overabundance of foxes, for example, may eliminate the 
rabbit population. With too few rabbits, the foxes may die off, or they may find alternate prey, 
which can further destabilize the system.

On the other hand, removal of a higher trophic level can also destabilize a 
system: If foxes were removed, rabbits could become overabundant and 
overgraze the primary producers (plants).

Sometimes a pyramid can be temporarily inverted. The biomass pyramid, for 
instance, can be inverted by periodic fluctuations in producer populations. For 
example, low plant and algal biomass is present during winter in temperate 
aquatic ecosystems.

By the numbers
We often think of a pyramid in terms of the number of organisms, 
rather than amount of biomass in each level. The pyramid is a 
general model. In this pyramid, many smaller organisms support 
one organism at the next trophic level. So, 1,000 m2 of grassland 
might contain 1,500,000 producers (plants), which support 
200,000 herbivores, which support 90,000 primary carnivores, 
which support 1 top carnivore.

Don’t forget the little things.
A single gram of soil can contain hundreds of millions of 
bacteria, algae, fungi, and insects.

Can You Explain?
 1. How many trophic levels do you eat? Is your food pyramid 

large or small?

 2. Does your trophic level matter in terms of the structure and 
stability of the ecosystems you occupy?

 3. Explain the food pyramid in terms of the two principles of 
thermodynamics.

1
Top carnivore

90,000
Primary carnivores

200,000
Herbivores

1,500,000
Producers

Grassland in summer
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The Environmental Science Laboratory Manual was written specifically with the high 
school student in mind. Each lab helps bring environmental science to life through 
hands-on activities and inquiry-based labs. The corresponding digital teacher’s 
manual provides teachers with hints and strategies to help with lab execution.
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What Do You Think? 

and mental impairment. The patient in this experiment received 
an intravenous transmission of billions of copies of a corrective 
gene, along with complexes designed to repair the DNA and 
restore his ability to produce the missing enzyme.

Genetically Modified Organism CRISPR has also become 
the latest question in debates about genetically modified 
organisms. On one hand, CRISPR makes it easier, quicker, and 
cheaper to produce dramatically more modified organisms, 
with unknown consequences. On the other hand, CRISPR edits 
genes much more precisely than other tools, making gene 
editing more predictable and potentially safer. The ability to 
precisely edit a single gene, or even a single nucleotide in a 
gene, makes it unnecessary to move DNA between species, a 
process that has worried many observers.

Gene Editing
Humans have known for centuries that selective breeding can 
improve the characteristics of domestic plants and animals. But 
selective breeding is slow and rather unpredictable. The 
development of molecular genetics, inserting pieces of DNA 
from one species into another, dramatically improved our ability 
to tailor organisms, but this process is difficult and prone to 
errors. The discovery of a bacterial system for editing genes, 
however, may unleash a gold rush in genetic engineering.

CRISPR This gene editing system is called CRISPR, short for 
“clustered regularly interspaced short palindromic repeats.” 
CRISPR uses short sequences (palindromic repeats) of genetic 
material to attach to specific sections of DNA in a cell; it then 
uses an enzyme to cut the DNA in specific places. Bacteria use 
this process to cut and disable the DNA of invading viruses. But 
geneticists have realized that this bacterial process could be 
used to recognize and modify, or “edit,” genes in higher plants 
and animals. Just as bacteria target the DNA of an invading virus, 
CRISPR uses molecules synthesized to bind to and cut any gene 
we want to edit. When a target DNA sequence is identified and 
cut, it can inactivate the gene. This gives us important informa-
tion about the gene’s functions or expressions. Alternatively, as 
the cell tries to repair broken DNA, CRISPR can supply a template 
for new versions of the target gene, to replace the original 
sequence. Think of this as a molecular version of the search and 
replace function in your word processor.

The tool is being used in the lab to make human cells impervi-
ous to HIV, to correct a mutation that leads to blindness, and to 
cure mice of muscular dystrophy, cataracts, and a hereditary 
liver disease (fig. 1). It has been used to improve wheat, rice, 
soybeans, tomatoes, and oranges. Libraries of tens of thou-
sands of DNA sequences are now available to target and 
activate, or silence, specific genes. One of the most exciting 
features of CRISPR is that it can modify multiple genes at the 
same time in a single cell. This may make it possible to study 
and eventually treat complex diseases, such as Alzheimer’s or 
Parkinson’s, that are regulated by many genes.

In 2017, scientists tried editing a gene inside a living human, in 
an attempt to permanently cure an inherited metabolic 
disorder called Hunter syndrome. In this syndrome, cells 
cannot produce an enzyme needed to break down complex 
sugars, so these sugar molecules accumulate in cells, blood, 
and tissues. Consequences can include nerve degeneration 

FIGURE 1 Experiments with CRISPR have modified genes and edited 
inherited traits in lab mice and other organisms. 

(Continued)
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has been declining, even while heavy fishing is depleting krill 
populations. At the same time, the ocean is becoming more 
acidic, as it absorbs CO2 from the atmosphere, and acid 
conditions are likely to diminish krill reproduction. As krill have 
disappeared, other species far up the food web, such as 
Emperor and Adelie penguins, have shown corresponding 
declines.

Protecting Krill Remarkably, this species is finally gaining legal 
protection with the establishment of the world’s largest marine 
protected area. Following years of impasses, a 2016 agree-
ment protected 1.5 million km2 of the Ross Sea, including 1.1 
million km2 where fishing is banned altogether. The agreement 
allows the same levels of fishing as previously, but it bans 
fishing in critical habitat near the Antarctic continent, where 
krill reproduce, along with many of the fish and marine 
mammal species they support. The preserve is temporary, 
though, only 35 years. Russia, China, and other fishing 
interests would not budge on longer protections.

All food webs rest on a foundation of small, seemingly insignifi-
cant species. Especially near the poles, there are often few 
species in vast, teeming numbers. But these small organisms 
are vitally important. As the eminent naturalist E. O. Wilson 
said, “the little things rule the world.”

Can You Explain?
 1. How do krill support all higher trophic levels?

 2. In what ways, both direct and indirect, are human 
activities impacting the size of krill populations?

 3. What are the terms of the agreement that was reached 
in 2016 regarding Antarctic fishing?

Exploring Science 

Who Cares About Krill? 
Krill are small, shrimplike animals of immense importance in 
marine ecology. They occur in all the oceans of the world, but 
they are especially abundant in the Southern Ocean around 
Antarctica. Krill are considered one of the most abundant 
species in the world. Although each individual is tiny, their 
combined biomass is estimated to exceed that of any other 
species on the planet. The supply has seemed inexhaustible, 
but now marine biologists are concerned that a combination of 
overfishing and climate change could decimate the krill 
population–and the entire Antarctic ecosystem.

Krill flourish in the cold, nutrient-rich waters of Antarctica, 
where they subsist on photosynthetic algae under and around 
the ice. Directly or indirectly, they support all higher trophic 
levels, including penguins, seals, fish, squid, seabirds, and 
whales. A single blue whale can eat as much as 4 tons of krill 
per day. But Antarctic krill are also increasingly sought as a 
source of protein and oil for farmed seafood, poultry, pets, and 
livestock. Krill are rich in protein (40 percent or more) and lipids 
(up to 20 percent). You probably won’t find krill on your menu, 
but their high levels of omega-3 fatty acids make them a 
popular source of “fish oil” supplements and health products. 
And if you eat farmed salmon, there is a good chance it was 
fed with krill or krill-consuming fish. That would make you a top 
consumer in a krill-based ecosystem.

Between 1970 and 1990 the world catch of Antarctic krill grew 
from almost nothing to as much as half a million tons per year. 
The Soviet Union was the first nation to establish large-scale 
commercial krill harvests. After the demise of the USSR in 1991 
the Soviet fishery collapsed, but other nations, notably Norway, 
South Korea, and China, have developed extensive krill 
fisheries. The Commission for the Conservation of Antarctic 
Marine Living Resources (CCAMLR) was created in 1982 in an 
effort to manage this obscure fishery and to prevent 
overfishing.

The proposed CCAMLR catch limit for the Scotia Sea (around 
Antarctica) is 5.6 million tons per year, but biologists fear that 
even the current annual harvest of nearly 300,000 tons is 
unsustainable. They estimate that krill populations have 
dropped 80 percent since the 1970s.

Krill are also threatened by the loss of floating ice shelves, the 
habitat for algae on which they feed. As the climate warms, ice 
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Many areas in the tropics, by contrast, were never covered by glacial ice and have 
abundant rainfall and warm temperatures year-round, so ecosystems there are 
highly productive. The year-round availability of food, moisture, and warmth 
supports an exuberance of life and allows a high degree of specialization in 
physical shape and behavior. Many niches exist in small areas, with associated 
high species diversity. Coral reefs are similarly stable, productive, and conducive 
to proliferation of diverse and exotic life-forms. An enormous abundance of 
brightly colored and fantastically shaped fishes, corals, sponges, and arthropods 
live in the reef community. Increasingly, human activities also influence biological 
diversity today. The cumulative effects of our local actions can dramatically alter 
biodiversity (What Can You Do?, above). We discuss this issue in chapter 6. 

Patterns produce community structure
The spatial distribution of individuals, species, and populations can influence 
diversity, productivity, and stability in a community. Niche diversity and species 
diversity can increase as the complexity increases at the landscape scale, for 
example. Community structure is a general term we use for spatial patterns. 
Ecologists focus on several aspects of community structure, which we 
discuss here.

Distribution can be random, ordered, or patchy Even in a relatively uniform 
environment, individuals of a species’ population can be distributed randomly, 
arranged in uniform patterns, or clustered together. In randomly distributed 

What Can YOU DO?
Working Locally for Ecological Diversity
You might think that the diversity and complexity of 
ecological systems are too large or too abstract for 
you to have any influence. But you can contribute to 
a complex, resilient, and interesting ecosystem, 
whether you live in the inner city, a suburb, or a 
rural area.

• Take walks. The best way to learn about ecologi-
cal systems in your area is to take walks and 
practice observing your environment. Go with 
friends and try to identify some of the species and 
trophic relationships in your area.

• Keep your cat indoors. Our lovable domestic cats 
are also very successful predators. Migratory 
birds, especially those nesting on the ground, 
have not evolved defenses against these 
predators.

• Plant a butterfly garden. Use native plants that 
support a diverse insect population. Native trees 
with berries or fruit also support birds. (Be sure to 

 avoid non-native invasive species.) Allow struc-
tural diversity (open areas, shrubs, and trees) to 
support a range of species.

• Join a local environmental organization. 
Often the best way to be effective is to 
 concentrate your efforts close to home. City 
parks and neighborhoods support ecological 
communities, as do farming and rural areas. 
Join an organization working to maintain eco-
system health; start by looking for environmen-
tal clubs at your school, park organizations, a 
local Audubon chapter, or a local Nature Con-
servancy branch.

• Live in town. Suburban sprawl consumes wildlife 
habitat and reduces ecosystem complexity by 
removing many specialized plants and animals. 
Replacing forests and grasslands with lawns and 
streets is the surest way to simplify, or eliminate, 
ecosystems.
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3.5 Biogeochemical Cycles and Life Processes
Guiding Questions
What qualities make water so unique and essential for life as 
we know it? 

How and why do elements such as carbon, nitrogen, 
 phosphate and sulfur cycle through ecosystems?

 Vocabulary

 
carbon cycle nitrogen cycle

CER  Revisit the Case Study

How Does Fertilizer Use Affect the  
Gulf of Mexico?
Recall the Case Study at the beginning of this chapter (p. 68). 
You read about how fertilizer run-off from farming operations 
impacted the Gulf of Mexico. Throughout the chapter, you read 
about essential nutrients like nitrogen are moved through 
environments. Now, it is time to revisit your claim, summarize 
your evidence, and analyze what you have learned.

Claim, Evidence, Reasoning
Revisit Your Claim: Review your CER chart where you 
recorded your claim about how fertilizer use affects the Gulf 
of Mexico.

Summarize Your Evidence: Summarize the evidence you 
gathered from your investigations and research and finalize 
your Summary Table.

Explain Your Reasoning: Does your evidence support your 
claim? Explain why your evidence supports your claim. If it 
does not, revise your claim.

Review Questions
 1. When a system is balanced or stable, it is said to be in 

what state?
 a. open
 b. equilibrium

 c. closed
 d. at threshold

 2. Which category do lipids, carbohydrates, proteins, and 
nucleic acids that form the basic structure of cells and 
other components of living things belong to?

 a. fertilizers
 b. metals

 c. organic compounds
 d. toxic elements

 3. Which of the following best describes the structure  
of DNA?

 a.  short chains of base-paired organic compounds bound 
together in the form of a single-stranded spiral

 b.  long chains of base-paired hydrocarbons bound 
together in the form of a double helix two-stranded 
spiral

 c.  short chains of base-paired nucleotides bound together 
in the form of a single-stranded spiral

 d.  long chains of base-paired nucleotides bound together 
in the form of a double helix two-stranded spiral

 4. Which form of energy is stored in the food you eat?
 a. chemical energy
 b. kinetic energy

 c. light energy
 d. electrical energy

 5. In a food web such as in figure 3.16, what do the arrows 
represent? 

 a.  The arrows indicate how many times each consumer 
feeds during any given period.

 b.  The arrows indicate which consumers are able to feed 
at any trophic level.

 c.  The arrows indicate the direction in which matter and 
energy are transferred through feeding relationships.

 d.  The arrows indicate which organisms are herbivores, 
omnivores, or carnivores for each trophic level.

 6. Which biogeochemical cycle is a key determinant of the 
acidity of rainfall, surface water, and soil as well as act as 
critical regulators of global climate?

 a. sulfur cycle
 b. carbon cycle

 c. nitrogen cycle
 d. hydrologic cycle

 7. What are two nutrients causing eutrophication in the Gulf 
of Mexico?

 a.  phosphorus and sulfur
 b. phosphorus and nitrogen
 c. nitrogen and sulfur
 d. nitrogen and oxygen
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Critical Thinking

Data and Observations: Observe the diagram of the nitrogen 
cycle shown below and use it to answer the following 
questions.

Analyze and Interpret Data

 1. Which forms of N do plants take up? How is N2 captured, 
or fixed, from the air into the food web?

 2. Most of the processes are hard to quantify, but the figure 
shown below gives approximate amounts for fossil fuel 
burning and commercial N fixation, and for N fixing by 
bacteria. What do these terms mean? What is the magni-
tude of each? What is the difference?

 3. If anthropogenic processes introduce increasing amounts 
of atmospheric N to the biosphere and hydrosphere, 
where does that N go? (Hint: Refer to the opening case 
study.)

 4. In marine systems, N is often a limiting factor. What is a 
“limiting factor”? What is a consequence of increasing 
the supply of N in a marine system?

 1. Describe what a system is and how feedback loops regu-
late them.

 2. Explain why water is considered to be essential to life 
and describe two properties that support your 
explanation.

 3. Differentiate between high-quality and low-quality 
energy and the benefits of each.

 4. Explain how the processes of photosynthesis and cellular 
respiration work together to provide organisms energy 
for life.

 5. Using the food web in figure 3.16, explain which organ-
isms would be negatively affected and why if the Acacia 
primary producer went extinct.

Go Further: Data Analysis Lab
How does the nitrogen cycle link different ecosystems? 
Nitrogen is an essential nutrient for life. It is a component of 
proteins, nucleic acids, and other important molecules. 
Nitrogen exists as part of many inorganic molecules, many of 
which are inaccessible for plants or animals to use.

Chapter Review Continued

Plants absorb NH3, 
NH4, or NO3, to make 
organic compounds.

Nitrogen in atmosphere
(N2)

Nitrogen-fixing
bacteria produce
ammonia or
ammonium,  80 Tg.

Nitrifying bacteria oxidize 
ammonia to nitrate ions.

Nitrates (NO3
–)

Fertilizer
runo�

Leaching

Eutrophication

Denitrifying
bacteria
produce N2. 

Decomposers

Ammonia (NH3)
or

ammonium (NH4
+)

Nitrogen
fixation

Assimilation

Ammonification

Nitrification

Denitrification

Excretion

5

1

3

4

2

Fossil fuel burning 
and commercial 
nitrogen fixation 

140 Tg

Lightning and 
volcanoes 

10 Tg
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Engaging Visuals 
Key Concepts are beautifully displayed, two-page features  
which guide students through an often-complex network of 
issues. These features highlight the takeaway ideas from the 
chapter in a visually appealing way.

Real-World Connections
Boxed features make science accessible 
through the presentation of how and why 
data is collected, examples of technology 
and methods, and additional information  
that demystifies central principles and  
gives students realistic steps for applying 
their knowledge.

The end-of-chapter assessments help students master the 
content and practices included in each chapter. Multiple-choice 
and free-response questions ask students to recall and synthesize 
information covered in the course. The Data Analysis Lab allows 
students to apply what they’ve learned to real-world scenarios 
using current scientific data. 

The Lab Manual, available in print and included with the digital 
resources, brings environmental science to life through hands-
on activities and inquiry-based labs. The Teacher Manual 
provides hints and strategies to help with lab execution.
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Access to the Online Student Edition includes access to the eBook, SmartBook adaptive eBook, virtual labs and additional digital 
learning resources. Teacher resources include the eBook, SmartBook, Teacher Manual, PowerPoint presentations, assignable resources, 
Gradebook, Pacing Guides, and more.

Our digital solutions are enriched with multimedia content including videos, animations, and simulations that enhance the teaching 
and learning experience inside and outside of the classroom.

Authored by the world’s leading subject matter experts and organized at the chapter level, the resources provide students  
with multiple opportunities to apply their understanding and master course content. Teachers can save time, customize lessons, 
monitor student progress, and make data-driven decisions in the classroom with flexible, easy-to-navigate instructional tools.

Intuitive Design
Resources are organized at the 
chapter level. To enhance 
the core content, teachers can 
add assignments, activities, and 
instructional aids to any lesson.  
The chapter landing page gives 
students access to:

	■ Adaptive SmartBook® 
assignments.

	■ Lab activities.
	■ Assignment calendar.
	■ An interactive eBook.

The chapter  
landing page 
links students to 
resources that 
support success.

Robust Digital Resources
	■ An interactive eBook tagged to the Tennessee standards and adaptive SmartBook® assignments.
	■ Google Earth, graphing, and mapping activities. 
	■ Customizable, auto-graded test banks.
	■ Dozens of virtual labs.

Robust, Adaptive, and Dynamic Digital Resources

Mobile Ready
With the McGraw Hill K–12 Portal App, students can access their 
content any time on any device, with or without Internet access.
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Adaptive Study Tools
SmartBook® is the online adaptive study 
tool. Its interactive features engage 
students and personalize the learning 
experience with self-guided tools that:

	■ Assess a student’s proficiency  
and knowledge.

	■ Track which topics have  
been mastered.

	■ Identify areas that need more study.
	■ Improve reading comprehension  

by highlighting key content that 
needs additional study.

	■ Present focused content specific  
to the student’s individual needs.

Teacher Resources
Teachers have access to  
SmartBook®—an interactive,  
adaptive eBook—plus a wealth of  
customizable chapter resources  
and powerful gradebook tools.  
Resources include:

	■ An online Teacher Manual with  
chapter outlines, teaching  
suggestions, reading strategies,  
and pacing guides. 

	■ Student performance reports to 
help teachers identify gaps, make 
data-driven decisions, and adjust 
instruction.

	■ Customizable PowerPoint 
presentations.

	■ Labeled diagrams, visual aids, 
animations, and additional ideas.

A searchable 
library makes 
it easy to find 
and assign 
resources.

Customizable 
assignments and quiz 
banks provide automated 
grading that populates 
easy-to-read reports.

Practice sets measure depth 
of understanding and present a 
personalized learning path based  
on student responses.

Highlighted 
content 
continuously 
adapts to show 
what students 
have been 
assigned in 
yellow and what 
requires further 
study in blue.

Harness technology to 
unlock success. Visit  
my.mheducation.com
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“�Using SmartBook has been a game changer! It is like having a co-teacher! I can see how much 
they read. I can see how much they comprehended! I can see, specifically, what challenging 
concepts exist. Students can see their progress. Students can see that they are being held 
accountable in a much more realistic and targeted manner. Students are much more engaged 
in the class and better prepared to interact with a deeper level of academic conversation.” 

–�Marion Chase  
Instructional Coach and AP Teacher

SmartBook®

All core programs include SmartBook within the digital course. SmartBook delivers personalized, adaptive learning tailored to each 
student’s individual needs by pinpointing knowledge gaps and focusing instruction on the concepts that require additional study. 
Teachers can assign a specific chapter, topic, or concept and access advanced reporting features with actionable insights to inform  
in-class instruction.

FOR TEACHERS

More Control. More Prepared. More Actionable.
Teachers can organize assignments to suit their students’ needs and 
align to their course outcomes while easily tracking student progress.

	■ Flexible Assignments: Assign homework down to the subtopic  
level and time-on-task.

	■ Manageable Content: Assign content across multiple chapters  
to make connections between chapters, topics, and concepts.

	■ Results-Based Support: Provide personalized review assignments 
that target each student’s areas of weakness.

	■ Actionable Reports: Advanced reporting features track individual 
and class progress with data-driven insights.

FOR STUDENTS

More Personalized. More Productive. 
As students move through the material, multiple data points are 
captured to sequence and pace individual instruction.

	■ Focused Instruction: Yellow highlights help students easily 
identify their assigned learning concepts.

	■ Targeted Remediation: Blue highlights bring focus to the 
contents and concepts that require additional study.

	■ Meaningful Practice: Practice sets with instant feedback allow 
students to ask for guidance and rate their confidence level.

	■ Recharged Learning: Students can access previously 
completed assignments with personalized recommendations.

	■ Mobile Ready: Assignments are accessible both online and 
offline with the McGraw Hill K–12 Portal app.

The Learning Is Always Personalized
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Available 24/7 
–even if the lab 

space isn’t

Built with 
accessibility  

in mind

Easy-to-follow 
on-screen 

instructions

Student progress 
is automatically 

saved

Visible  
progress  

bar

Virtual Labs, included in select courses,* deliver a realistic, simulated lab experience that better prepares students  
with the fundamental skills for hands-on lab work. If needed, these labs can even supplant hands-on lab work.

These simulations help students learn practical and conceptual skills; they check for understanding, and provide 
feedback. With adaptive pre-lab and post-lab assessments available, teachers can customize each assignment.

The Virtual Lab Experience
In each lab experience, students are 
guided through the step-by-step phases. 
They use their mouse to manipulate the 
materials and are prompted with checks 
for understanding that deliver instant 
and guided feedback.

Students also have access  
to tools for notetaking, 
resetting the lab, labeling, 
and reviewing the list of 
methods at point of use. 
Once complete, the lab is 
automatically submitted to  
the teacher and students  
can save their work, print,  
or download a PDF for  
their records.

Virtual Labs
Virtual Labs empower students outside the classroom and outside the laboratory with 24/7 access. The labs are compatible 
with screen readers and keyboard navigation to ensure an accessible experience for all learners. The easy-to-follow  
on-screen instructions guide students through each part of their lab journey and their progress is automatically saved  
and always visible to help them take ownership of their learning. 

The Lab Is Always Open
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Username or Email 

Password 

Forgot your password? Forgot your username?

Create teacher account Create student account

Need help? 

Log In

PreK-12 Login 

............ 

	■ Full Teacher Manual
	■ Quick eBook Access
	■ Correlations
	■ Digital Teacher Support
	■ Digital Student Support

Take a Tour and Explore

THE DIGITAL EXPERIENCE

VIEW YOUR COURSE DASHBOARD

This is the Digital Dashboard. It’s your 
home base for resources, such as:

Use this guide to help you get familiar with a variety of digital tools, resources, and support  
to meet the needs of your classroom and students.

LOG IN
1.	 Contact your sales representative  

to get login credentials.

	 Tracy Elliott  
tracy.elliott@mheducation.com

	 Corrie Carroll  
	 corrie.carroll@mheducation.com

2.	 Go to my.mheducation.com and log in 
using the credentials provided by your 
sales representative.

3.	 Locate and click on the course you wish to review.

Note: All courses function similarly. You can explore  
any title within the demo account.
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Select Expand All to open all of the chapter 
contents for both students and teachers.  

You can also click the arrows to the right of the 
blades to open one resource type at a time.

BROWSE YOUR COURSE

Click Start Here! to expand 
the menu and explore units, 
chapters, assignments, activities, 
assessments, and more.

BROWSE UNITS AND CHAPTERS

Navigate to a unit and click the Go button  
to drill down to the unit’s chapters.

Select a chapter from 
the left hand navigation 
to review the chapter-
level resources. 

BROWSE CHAPTER CONTENTS
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5

4

1

2
3

Mobile ready! With the McGraw Hill K–12 Portal app, students can access their 
content any time on any device, with or without Internet access. 

READ OFFLINE ANYTIME, ANYWHERE

Selecting a chapter will take you to the  
Chapter Landing Page.

1.	 Click Chapter Info and use the tabs to explore  
Overviews, Pacing, Instructional Strategies, Suggested  
Assignments, and Benchmarks.

2.	Your own materials can be uploaded and assigned to 
students in Teacher-added Resources.

3.	The arrows to the right open to reveal Student Resources, 
Chapter Assignments, and Teacher Resources.

BROWSE INSTRUCTIONAL RESOURCES

ASSIGN RESOURCES

4.	Click on the tile to preview the resource or click 
Assign to open the course calendar and access 
options for assigning.

5.	As you navigate your program, the 
Program Menu is always visible at 
the left side of the screen to help you 
navigate quickly to the Gradebook, 
Calendar, Assignments, Roster, 
Reports, and Assessments.
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Find the right solutions to ensure students develop the academic and real-world skills they need 
to make the successful transition to college and/or the workforce. Provide meaningful experiences 
with purposeful lessons, extensive practice, and a variety of opportunities for concept mastery to 
lead them to success in college and beyond.

There’s Even More To Explore

Scan the QR code to explore the resources that support Tennessee  
AP®, Honors, and Electives teacher and student success!

AP®, Advanced Placement®, and Advanced Placement Program® are trademarks registered by the 
College Board, which was not involved in the production of, and does not endorse, these products. Learn more at mheducation.com/tennessee   11
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The Environmental Science Laboratory Manual was written specifically with the high 
school student in mind. Each lab helps bring environmental science to life through 
hands-on activities and inquiry-based labs. The corresponding digital teacher’s 
manual provides teachers with hints and strategies to help with lab execution.
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Best in Class Digital Resources
Principles of Environmental Science: Inquiry and Application includes a robust array of media-rich tools 
that bring meaningful experiences, purposeful lessons, and personalized support to the environmental 
science classroom.

• An interactive eBook and an adaptive SmartBook help 
students learn faster, study more efficiently, and master 
course content.

• Targeted recommendations guide students to areas  
that need remediation.

• Advanced reporting features allow teachers to track  
individual and whole-class progress with actionable 
insights.

• Full-color animations, art file libraries, and interactive 
activities enhance instruction and reinforce key concepts.

Mobile Ready: Assignments are accessible both 
online and offline with the ReadAnywhere app.
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Guided and Open Inquiry Lab Experiences
Environmental Science Laboratory Manual includes 33  
labs divided into two types: guided inquiry and open  
inquiry. Guided inquiry labs provide a more structured  
lab experience, while open inquiry labs allow students to  
design their own investigations.

• Each lab begins with a problem that establishes the purpose  
of the lab.

• Objectives focus students on the learning outcomes of the  
investigation.

• Questions and charts provide opportunities for application.
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The Teacher Manual will help you create and present an engaging Environmental 
Science experience in the classroom. Access the robust digital resources at 
my.mheducation.com to further enhance the teaching and learning experience 
and provide students with multiple opportunities to contextualize and apply their 
understanding.

Powerful Digital Support
• An interactive eBook and an adaptive SmartBook help students learn faster, study 

more efficiently, and master course content. 
• Interactive activities encourage students to explore key environmental processes 

and difficult concepts.
• Animations help explain complex topics and processes.
• Unit Projects enable students to apply the science and engineering practices.
• Digital images and PowerPoint slides help teachers build dynamic presentations.
• A searchable resource library makes it easy to quickly find, display, and assign 

resources.
• Auto-graded test banks save teachers valuable time.
• The powerful gradebook provides real-time, actionable data.
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