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BUILT FOR 3-DIMENSIONAL 
INSTRUCTION 
The 3-Dimensional approach to teaching is changing the way 
science and biology are taught. National Geographic Biology was 
created to guide teachers through 3D instruction by incorporating 
Disciplinary Core Ideas (DCI), Science and Engineering Practices 
(SEP), and Crosscutting Concepts (CCC) into each lesson to 
prepare students to master the Performance Expectations.

PHENOMENA-BASED 
INSTRUCTION WITH NATIONAL 
GEOGRAPHIC RESOURCES 
As teaching shifts towards multidisciplinary approaches to learning, 
National Geographic Biology is designed specifically to meet the 
needs of Phenomena-Based instruction. Deepen concept knowledge 
and inquiry skills by combining 
phenomena-based instruction with 
National Geographic resources. Biology 
empowers all students to investigate 
real-world scenarios and build skills 
towards academic and career success.

National Geographic Biology connects students to the field of biology 
through content and features that showcase the experiences of 
diverse National Geographic Explorers and photographers. This 
engaging content consists of lessons with featured articles, videos, 
and Virtual Investigations in the digital platform hosted by the National 
Geographic explorers themselves.

AUTHENTIC NATIONAL 
GEOGRAPHIC EXPERIENCE 

With the help of the MindTap digital platform, 
students are transported into the world of 
biology with:

• realistic simulations allowing them to interact with data and graphs
• guided Virtual Investigations where they are immersed in �eld-relevant 

environments
• engaging videos embedded in the interactive eBook

Available in  
English and Spanish

BIOLOGY
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National Geographic “On 
Assignment” photo features 
illuminate stories and transport 
students into the biological 
world around them.

A video series featuring National 
Geographic Explorers highlighting their 
unique biology stories and research 
supports the phenomena in the print text. 
Students see themselves reflected in 
these diverse biologists.

Digital Biology Explorations

Transport students into the field with simulations, engaging videos, 
and Virtual Investigations where a National Geographic Explorer 
guides students through a virtual biology research project.

Diverse National Geographic Explorers share their 
personal backgrounds and exciting biology stories that 
engage students with relevant content that resonates! 
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ON ASSIGNMENT The Deadvlei, or “dead marsh,” is located in 
Namibia’s Namib-Naukluft National Park. Commonly referred 
to as “the forest frozen in time,” this unique desert ecosystem, 
which features some of the tallest sand dunes in the world, 
was once a river marsh. A change in climate over 900 years ago 
caused the marsh to dry up. Subsequent drought conditions 
prevented the acacia trees from decomposing. This image was 
taken by National Geographic photographer Edson Vandeira.
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ON ASSIGNMENT National Geographic 
photographer Ami Vitale began her career 
documenting conflict zones. An assignment 
in 2009 to photograph the transport and 
release of one of the world’s last living 
male northern white rhinos named Sudan 
changed her focus from war zones to 
wildlife and environmental stories. In this 
photograph, taken in 2019, a wildlife ranger 
comforts Sudan moments before his death.

4 9 4   4 9 5

ON ASSIGNMENT National Geographic 
photographer Frans Lanting was one 
of the first photographers to document 
Madagascar’s unique wildlife. To 
capture this photo, Lanting roamed 
along with troops of ring-tailed lemurs, 
fully immersing himself in their daily 
activities. The photographs Lanting 
sent back landed him his first major 
story for National Geographic magazine. 

 6 9

ENGAGE STUDENTS WITH 
AUTHENTIC BIOLOGY STORIES 
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Skills introduced in National Geographic Biology build a foundation for other high 
school science courses and for other disciplines. Projects, assessments, and 
personal stories cultivate the problem solving and critical thinking skills needed for 
college and/or careers. 

PREPARE STUDENTS FOR COLLEGE 
AND CAREER

ENSURING BIOLOGY 
STANDARDS ARE MET 

Explorer stories and case 
studies inspire views 
into science careers

National Geographic Biology was created 
specifically to teach 3-Dimensional standards 
and the NGSS to support high school life science 
standards core ideas, practices, and concepts.

Questions and prompts throughout 
each chapter serve as 3D checkpoints, 
prompting students to engage with 
Disciplinary Core Ideas, Crosscutting 
Concepts, and Science and 
Engineering Practices.

Connections to other 
disciplines in the student book 
and Teacher’s Edition reinforce 
skills used throughout high 
school in all courses.

However, some individuals may emigrate and end up at breeding sites 
more than a thousand kilometers away. In general, the tendency of 
individuals to emigrate to a new breeding site is related to resource 
availability, crowding, and avoiding inbreeding (Figure 4-5). As crowding 
increases and resources decline, the likelihood of emigration rises.

 CCC   Cause and Effect How do immigration and emigration affect the 
growth rate of a population?

Biotic Potential and Exponential Growth
A population’s per capita growth rate can change over time for many 
reasons. Food sources or suitable habitats may become more or less 
available, or a population may be exposed to new predators or disease. 
However, if shelter, food, and other essential resources were unlimited and 
there were no external threats, the population would grow indefinitely as 
long as its birth rate was greater than its death rate.

Under ideal conditions, the population’s per capita growth rate would be 
determined by the reproductive characteristics of its species, including 
the age at which reproduction typically begins, how long individuals are 
able to reproduce, and the number of offspring that are produced each 
time an individual reproduces. This theoretical growth rate is a measure 
of the population’s biotic potential. Different species have different 
biotic potentials. Microbes such as bacteria have some of the highest 
biotic potentials, whereas large mammals with long lives have some of 
the lowest.

Imagine a single bacterium in a laboratory flask that provides ideal 
conditions for survival and growth. After 20 minutes, the bacterial cell 
divides in two. Those two cells divide, and so on, every 20 minutes. At 
this growth rate, a population of more than one billion can result from a 
single bacterium in just 10 hours. The graph of the number of individuals 
versus time for this bacterial population takes on a J shape. This shape 
is characteristic of graphs of exponential growth, which occurs when a 
population’s per capita growth rate is positive (Figure 4-6).

FIGURE 4-5 
As in many big cat species, a male lion 
leaves its mother’s territory when it is 
between two and three years old to find a 
mate from a different pride.
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Regardless of the species, populations seldom reach their biotic 
potential. A population with a growth rate r greater than zero will increase 
exponentially, but growth at the maximum potential rate can only occur 
when conditions are ideal. A bacterial colony might grow to enormous 
numbers in a laboratory environment, where conditions can be controlled 
and food supplied indefinitely. But in an outdoor puddle where food 
is limited and the environment is unstable, such as in Figure 4-7, the 
same bacterial population would grow at a slower rate or even decrease. 
Although the population can survive in the puddle for some time, the 
conditions are no longer ideal.

 SEP   Construct an Explanation Describe the difference between the biotic 
potential of a population of organisms and the population’s growth rate.

FIGURE 4-6 
If a population’s per capita growth rate is positive and resources are unlimited, the number of 
individuals increases exponentially over time.

Go 
Online  SIMULATION

Modeling Population Changes Go 
online to examine how changes 
in rates affect the growth of a 
population.

FIGURE 4-7 
Bubbling pots of volcanic mud form in 
the Uzon Caldera in Kamchatka, Russia. 
Microbes that are able to survive in this 
hot, highly acidic environment face little 
competition with other species as they 
cluster in mats on the surface of the mud.
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A transmission electron microscopic image from a 
sample of the first U.S. case of COVID-19 coronavirus. 
The viral particles look like round structures in this 
cross section of their spherical form.

GENETICS
U N I T  4
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C H A P T E R  1 1
D N A ,  R N A ,  A N D  P ROT E I N S

C H A P T E R  1 2
G E N E T I C  VA R I AT I O N  A N D  H E R E D I T Y

C H A P T E R  1 3
G E N E T I C  T E C H N O LO G I E S

In this unit, you will learn how scientific and 
technological advancement can help us better 
understand and respond to a viral pandemic. 

HOW CAN WE SLOW THE 
SPREAD OF A VIRUS?

Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) causes respiratory illness, along with 

a wide range of other symptoms, in an infection 

known as COVID-19. The virus spreads easily 

from human to human through the air. Its first 

known infection of a human occurred in December 

2019. In March 2020, COVID-19 was declared a 

pandemic by the World Health Organization. In just 

over two years after SARS-CoV-2 emerged in the 

human population, more than 522 million patients 

contracted COVID-19, leading to more than six 

million deaths.

When scientists sequenced the SARS-CoV-2 

genome in January 2020, they discovered the virus 

had a large RNA genome. The genome was similar 

to the SARS-CoV-1 virus, which had previously 

caused a much smaller global outbreak in 2003.

UNIT VIDEO 1 Go online to learn more about  
coronaviruses and COVID-19.
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LOOKING AT THE DATA 

threatened at risk data deficient not threatened

Conservation Status of Native Land Species in New Zealand

Source: New Zealand Department of Conservation

25%0%

Vascular plants (2744 species)

Terrestrial invertebrates (3721 species)

Terrestrial birds (105 species)

Reptiles (106 species)

Mosses, hornworts, and liverworts (835 species)

Frogs (4 species)

Bats (5 species)

50% 75% 100%

1. Calculate Use the data to estimate the current 
species richness of the endemic species in the study 
and exotic plants and animals in New Zealand.

2. Estimate The percentage of at-risk and threatened 
species can be used to estimate the number 
of species that need conservation efforts. For 
example, approximately four of five bat species 
and three of four frog species are threatened 
or at risk of extinction. Estimate the number of 
at-risk and threatened endemic species in the 
remaining categories.

3. Calculate Determine the ratio of the total number of 
at-risk and threatened endemic species studied to 
the total number of exotic species.

4. Analyze Data About 63 species have gone extinct 
since humans colonized New Zealand. How does 
the total number of currently at-risk and threatened 
species compare to the number of extinct species?

5. Argue From Evidence Use the data and your 
calculations to explain why biodiversity does not 
always reflect an ecosystem’s overall health.

 SEP  Analyze and Interpret Data The overall biodiversity in New 
Zealand has increased over time despite an alarming species extinction 
rate—including the loss of nearly half its endemic bird species—since 
humans first settled there between 1200 and 1300 CE. Today, there are 
approximately 598 exotic animal species and 769 exotic plant species 
in New Zealand. These species were imported or migrated to the island.

The New Zealand Threat Classification System (NZTCS) database 
maintains a conservation assessment of native species. The 
classifications include threatened, at risk, not threatened, or data 
deficient. The data-deficient species have too little information available 
to determine their status. Some of these data are shown in Figure 1. 

THE BIODIVERSITY  
CONSERVATION PARADOX

FIGURE 1 
This bar graph shows the breakdown of select native organisms by conservation status. 

The endangered kea is a large parrot that 
lives in the mountains of New Zealand’s 
South Island.
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Authentic Phenomena-Based 
Learning

Each unit opens with an Anchoring 
Phenomenon. A Driving Question frames 
the phenomenon as something students 
will investigate and revisit multiple times 
throughout the unit.
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Modified Digital Text

The online eBook can instantly lower the 
reading level two grades for struggling readers.

Student and teacher resources provide tools and strategies 
allowing all students to access the text, experience biology 
concepts through various media, remediate where needed, 
and be challenged when ready. 

CONNECT ALL STUDENTS 
IN QUALITY LEARNING 

ON ASSIGNMENT For people in the 
Peruvian Andes, tuber crops are an 
essential source of carbohydrates. 
Farmers plant dozens of varieties 
together in the same plot. Specific 
types of tubers are used at weddings, 
festivals, or funerals, and others 
are eaten with everyday meals. This 
farmer showed National Geographic 
photographer Jim Richardson a 
harvest of potatoes and bright yellow 
oca (Oxalis tuberosa), a tuber native to 
Peru and rich in amino acids.

 1 3 5
Transpiration

Cohesion and
adhesion in
the xylem

Water uptake from soil

xylem cells

adhesion by 
hydrogen bonds 
between water 
and xylem vessels

cohesion by 
hydrogen bonds 
between water 
molecules

xylem sap

parenchyma cells

stoma

water molecule
atmosphere

water molecule

root epidermis

soil particle
water

FIGURE 9-9
Water molecules adhere to vessel walls and are 
bonded to each other by hydrogen bonds. This 
cohesion makes the water inside the vessel behave 
like a single column. Tension caused by transpiration 
pulls the column upward.
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A Ribosomal subunits and 
an initiator tRNA converge 
on an mRNA. A second tRNA 
binds to the second carbon.

B A peptide bond 
forms between the 
first two amino acids.

C The first tRNA is released 
and the ribosome moves to 
the next codon. A third tRNA 
binds to the third codon.

D The process repeats until 
the ribosome encounters a 
stop codon. Then, the new 
polypeptide is released and 
the ribosome subunits 
separate.

FIGURE 11-18 
The process of translation can be described as a series of 
steps that repeats, adding peptides to the chain until a stop codon 
is reached and translation is terminated.

1   Ribosomal subunits 
and an initiator tRNA 
converge on an mRNA at 
a start codon. A second 
tRNA binds to the 
second codon.

2   A peptide bond forms 
between the first two 
amino acids.

3   The first tRNA is 
released and the 
ribosome moves to the 
next codon. A third tRNA 
binds to the third codon.
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DNA loosening from histones

transcription
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RNA transport

translation
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FIGURE 11‑21 
Getting from a gene to a final protein 
product includes many points at which 
a gene’s expression might be changed 
and regulated. 
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The Teacher’s Edition includes support throughout each lesson to 
address the needs of all students including ELL, struggling, advanced, 
students with disabilities, and economically disadvantaged students. 

Full page illustrations and photographs make 
the details of biology visible and tell visual stories

HANDS-ON BIOLOGY AND DATA ACTIVITIES 

Applying Biology with Hands-on 
Science and Data Activities

Each chapter provides multiple opportunities 
for hands-on learning. Quick minilabs and full 
laboratory investigations give students practice 
with lab equipment and lab safety procedures. Data 
analysis activities give students practice reading 
data and identifying patterns in data sets.  

Labs, Engineering Activities,  
and Research Projects

Chapter Investigations provide more in-
depth laboratory experiences with Guided 
Inquiry, Open Inquiry, and Design-Your-Own 
approaches. Also included are Engineering 
Design activities, research and writing 
activities in the “Tying It All Together” lesson 
for each chapter, and Claims, Evidence, 
Reasoning (CER) activities for each unit. Lab 
guides, worksheets, and rubrics are available 
in the MindTap digital platform.  

TYING IT ALL TOGETHER
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Elephant Population Growth Projections

Source: Adapted from Turkalo, A. et al. 2016.

FIGURE 16-26 
African forest elephants can be identified by their smaller size and downward-pointing tusks. 
The graph compares the projected growth rates of savanna and forest elephant populations.

WHY DO NEW SPECIES EMERGE 
WHILE OTHER SPECIES DISAPPEAR?

In this chapter, you learned how human activity can 
lead to changes in the biodiversity of an ecosystem. The 
Case Study described how ivory poaching has resulted 
in an increased proportion of tuskless female elephants 
in Mozambique’s Gorongosa National Park. Savanna 
elephants first reproduce at about 12 years old and give 
birth every three to four years. The offspring of tuskless 
mothers are twice as likely to be female than male, and 
not a single tuskless male elephant has been seen in 
the park for over five decades. These clues directed 
scientists looking for the genetic origins of tusklessness 
to investigate X-linked genes involved in tooth and 
gum formation that may be lethal if inherited by male 
offspring.

In this activity, you will apply genetic and evolutionary 
principles to make predictions regarding an elephant 
population. Work individually or in a group to complete 
these steps.

Develop a Model
1.  Suppose all the males in an elephant population 

have tusks and half of the females are tuskless. If the 
gene for tusklessness is linked to the X chromosome, 
recessive, and lethal to male offspring, how frequently 
would you expect the trait of tusklessness to occur in 
the population after three generations?

Construct an Explanation
2.  Under what conditions could the presence of the 

gene for tusklessness in an elephant population lead 
to speciation?

3.  Under what conditions could the presence of the 
gene for tusklessness in an elephant population lead 
to extinction?

4.  African forest elephants, such as the one shown in 
Figure 16-26, take almost twice as long to reach 
reproductive age, with five to six years between 
offspring. The graph shows projected forest elephant 
population growth modeled using the natural birth 
and death rates of forest elephants in Dzanga, Central 
African Republic. How would the effects of poaching 
on forest elephant populations compare to savanna 
elephant populations? Explain your reasoning.

T R ACK I N G  T U S K L E S S  EL EPH A N T S

T Y I N G  I T  A L L  TO G E T H E R  5 1 7

HOW DO SEA PIGS SURVIVE 
IN THE DEEP OCEAN?

In 2019, MBARI located the remains of a baleen whale on the ocean floor. 
A fallen whale attracts a changing assortment of organisms: larger scavengers 
feed on the whale’s soft parts, smaller organisms look for decomposing tissue 
in the surrounding sediment, and bacteria and other microbes access the fat 
trapped inside the whale’s bones.

Although they share their habitat with many other 
species of sea cucumbers, octopuses, marine worms, 
mollusks, crabs, fish, and coral, sea pigs are not 
usually a food source for other organisms.
MBARI’s data indicate that a typical slow and steady 
supply of marine snow would not provide enough food 
to support the number of consumers they find in the 
abyss, but occasional large bursts of matter falling 
from events at or near the ocean surface can sustain 
populations deep below for long periods of time.

Argue From Evidence In this unit, you learned that 
the energy for life processes originates from the sun. 
Nevertheless, diverse ecosystems thrive on the ocean 
floor at sunless depths between 3 and 6 kilometers, 
in generally flat regions called abyssal plains. These 
plains make up approximately 70 percent of the 
global seabed.
The Monterey Bay Aquarium Research Institute 
(MBARI) has monitored an abyssal ecosystem off the 
central coast of California for 30 years. Their ROV 
takes frequent high-resolution images of the seafloor 
and its inhabitants and has measured carbon and 
oxygen levels to determine what the animals and 
bacteria there eat and produce. Sea pigs are abundant 
in this ecosystem. Their main food source is fresh 

“marine snow,” the dead organic matter and waste that 
sinks from shallow waters to the ocean floor.  

Claim Make a claim about the role of sea pigs 
in an abyssal plain ecosystem.

Evidence Use the evidence that you gathered 
throughout the unit to support your claim.

Reasoning To help illustrate your reasoning, 
you can develop a model that explains how 
abyssal plain organisms obtain the energy and 
matter they need to survive.

C
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U N I T  1  AC T I V I T Y

U N I T  1  AC T I V I T Y  1 0 7
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COURSE SUPPORT AND TEACHER TOOLS 

ASSESSMENTS IN A 
VARIETY OF FORMATS 

National Geographic Biology supports teachers in the classroom with a thoughtfully designed 
Teacher’s Edition and a wealth of teacher resources and assessments 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 and cross-
curricular connections to Math, English 
Language Arts, and other science 
disciplines.

Biology prepares students for end of course exams through frequent 
formative assessment and through activity-based summative 
assessments getting students to master higher level depths of 
knowledge on biology content and science practice skills.

Summative Assessment

Chapter Assessments offer a combination of open-
response and machine-scored items carefully designed 
to measure students’ understanding and retention of 
the content. Unit Performance Tasks assess bundled 
Performance Expectations.

6. Identify A scientist determines that a certain 
substance has no net charge. Which of these 
statements must be true?

 A.  The number of neutrons and protons in the 
substance must be equal.

 B.  The number of protons and electrons in the 
substance must be equal.

 C.  The number of electrons and neutrons in the 
substance must be equal.

 D.  The number of protons, neutrons, and electrons in 
the substance must be equal.

7. Calculate How many molecules of oxygen (O2 ) are 
required to react with one molecule of propane (C3H8 ) 
to produce four molecules of water (H2O) and three 
molecules of carbon dioxide (CO2 )?

8. Compare Do atoms of carbon-12 and carbon-14 have 
the same charge? Explain why or why not.

9. Explain A large carbohydrate molecule can react with 
water to break it down into smaller sugar molecules. 
For example, sucrose and water react to form the 
simple sugars glucose and fructose, releasing energy. 
If energy must be absorbed to break a chemical bond, 
how can a reaction that breaks a larger molecule down 
into smaller molecules be exergonic?

10.  Identify When glucose is oxidized to release energy, 
glucose reacts with oxygen to produce carbon dioxide 
and water. What are the reactants and what are the 
products in this reaction?

11.  Predict The exergonic breakdown of starch into 
glucose is catalyzed by an enzyme called amylase. 
Which statements are true about this reaction? Select 
all correct answers.

 A. Some bonds in starch are broken during the reaction.

 B.  A starch molecule can bind to the active site of 
amylase.

 C.  Glucose is released from the active site after the 
reaction.

 D.  The bonds of glucose have more energy than the 
bonds of starch.

 E.  The activation energy of the reaction is lower with 
amylase than without amylase.

REVIEW KEY CONCEPTS

1. Contrast Based on Figures 5-19 and 5-25, which 
functional groups are found in nucleic acids but not in 
carbohydrates? Select all correct answers.

 A. amine (—NH2 )

 B. carboxyl (—COOH)

 C. hydroxyl (—OH)

 D. phosphate (—PO4
3–)

 E. sulfhydryl (—SH)

2. Classify Which substances are polymers? Select all 
correct answers.

 A. amino acids

 B. nucleotides

 C. phospholipids

 D. polysaccharides

 E. proteins

3. Identify A chemist purifies a single substance from 
an organism and finds that it contains phosphate 
groups. In which category could this biological 
molecule belong?

 A. carbohydrate

 B. fatty acid

 C. hydrocarbon

 D. nucleic acid

4. Explain How do covalent bonds and ionic bonds differ?

5. Classify Match each description with acids or bases.

 • gives up H+ ions in water

 • accepts free H+ ions in water

 • produces a solution with excess free H+ ions

 • produces a solution with excess free OH– ions

 • lowers pH to less than 7 when dissolved in water

 • raises pH to greater than 7 when dissolved in water

C H A P T E R  5  R E V I E W
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MATH AND ENGLISH LANGUAGE ARTS CONNECTIONS

1. Reason Quantitatively A baker mixes 3 g of yeast 
with 1000 g of flour and 500 g of water. After allowing 
the dough to rise, the dough weighs 1450 g. Quantify 
the change in mass. What can best explain the change 
in mass of the dough?

2. Write Informative Text Enzymes are sometimes 
included in detergents to help clean stains from 
clothing. What types of enzymes are used in such 
applications? How do the enzymes contribute to stain 
removal? In your answer, include the terms activation 
energy and catalyst.

3. Model with Mathematics The chemical reaction that 
links amino acids together to make a protein requires 
a net consumption of energy. Which of the two models 
in Figure 5-33 best represents the energy changes 
taking place during this reaction, and how does the 
law of conservation of energy apply to this case? 
Explain your reasoning.

4.  NOS   Explaining Natural Phenomena When 
molecules react inside cells, the laws of conservation 
of energy and conservation of matter hold true. These 
laws also hold true at the level of whole ecosystems. 
What evidence supports these laws at the molecular 
level and the ecosystem level? Explain.

CRITICAL THINKING

12.  Draw Conclusions The long hydrocarbon chains 
that make up lipid molecules are nonpolar. Nonpolar 
molecules are usually hydrophobic, meaning they 
repel water. How would this property of lipids be 
useful in an organism?

13.  Explain Carbon dioxide has the chemical formula 
CO2. It is a linear molecule with a carbon atom in the 
center that is double-bonded to an oxygen atom on 
either side. Oxygen tends to attract electrons more 
strongly than carbon. Would you expect carbon 
dioxide to be polar or nonpolar? Explain your answer.

14.  Explain Many organisms use glucose as a source of 
matter to build other molecules they need for cell 
metabolism and growth. Based on Figures 5-19 and 
5-25, what elements can glucose contribute to the 
synthesis of nucleic acids? What elements would 
need to be obtained from another source? Explain.

15.  Justify Corn starch can often sit in a pantry for years 
without breaking down. Yet, when ingested, corn 
starch can be digested very quickly by the body. How 
can these two observations be reconciled?

 BACTERIA IN YOUR GUT

Gather Evidence In this chapter, you learned about how 
bacteria can break down certain compounds that humans 
cannot, such as cellulose. Some bacteria in the gut have 
also been shown to destroy toxins and mutagens. In 
addition, bacteria also supply essential nutrients that 
humans cannot make themselves, such as vitamin K.

1. The variety of bacteria in the human gut have many 
different mechanisms to synthesize or break down 
chemical compounds. How do human hosts benefit 
from having a healthy and diverse bacteria population 
in their digestive systems?

2. What other questions do you have about the role of 
the gut bacteria in promoting human health?
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