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Preface
Vision and Change in Undergraduate Biology Education: A Call 
to Action encourages instructors to improve student engagement 
and learning in introductory biology courses. The central idea 
of the Vision and Change report is that we need to turn away 
from teaching methods that reward students who memorize and 
regurgitate superficial knowledge. Instead, we need to empha-
size deeper learning that requires students to understand and 
apply course content. This idea is precisely what I have tried to 
achieve since I started teaching at the University of Oklahoma 
in 1997, and it has been a guiding principle in the creation of 
my books and digital material as well.

As you examine this new edition and its supplements, I 
hope you will see an emphasis on connections and the “big pic-
ture.” In addition to new features like chapter summary figures, 
integrated media icons, SmartBook™, and tutorial animations, 
we’ve updated and improved many features present in the last 
edition, including chapter opening essays, Investigating Life 

sections, boxed readings, and multiple choice and open-ended 
questions. Every chapter also has a study tip, so students learn 
to master the skills they need to be successful in biology and 
every other class.

I agree with the Vision and Change report’s call for instruc-
tors to embrace active learning techniques, but I also believe 
that one set of tools and techniques does not work in every 
classroom. For that reason, my team and I are proud to create 
a package that gives you the flexibility to teach introductory 
biology in a way that works best for you. Pages viii–xiii illus-
trate the features and resources for this edition that can help you 
meet your teaching goals.

I hope that you and your students enjoy this text and that it 
helps cultivate an understanding of, and deep appreciation for, 
biology. 

Mariëlle Hoefnagels
The University of Oklahoma

vii
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Author’s Guide To Using this Textbook
This guide lists the main features of each chapter and describes some of the ways that I use them  
in my own classes.

The Learning Outline introduces the 
chapter’s main headings and helps students 
keep the big picture in mind.
Each heading is a complete sentence that summarizes the 
most important idea of the section. 

The gradual change in leaf colors as a chapter unfolds 
indicates where the student is in the chapter’s big picture.

Students can also flip to the end of the chapter before 
starting to read; the chapter summary and Pull It Together 
concept map can serve as a review or provide a preview of 
what’s to come. 

Learn How to Learn study tips help students 
develop their study skills.
Each chapter has one Learn How to Learn study tip, and 
you can find a complete list in the inside back cover of the 
book.

I present a Study Minute in class each week, with 
examples of how to use these study tips.

New media icons direct students to resources 
that can help them understand difficult topics.

Animation 

3-D Animation 

Tutorial  

Video  

Virtual Lab  

Activity 

viii
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Author’s Guide To Using this Textbook
This guide lists the main features of each chapter and describes some of the ways that I use them  
in my own classes.

Investigating Life describes a real 
experiment focusing on an evolutionary 
topic related to each chapter’s content.
Each case concludes with critical thinking questions 
that can be used as an in-class group activity. The 
studies touch on concepts found in other units; you can 
encourage students to draw a concept map illustrating the 
relationships between ideas. You might also use the case 
as a basis for discussion of the nature of science.  

This edition offers Connect interactive and test bank 
questions focused on the Investigating Life cases. 
Questions assess students’ understanding of the science 
behind the Investigating Life case and their ability to 
integrate those concepts with information from other 
units.

New summary figures emphasize the 
relationships among topics in the chapter.
These figures consist of “big-picture” combinations of 
art from the chapter.

The Chapter Summary highlights 
key points and terminology from 
the chapter.

	 Aut ho r ’s 	Guide		 ix
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Write It Out and Mastering Concepts questions 
are useful for student review or as short  
in-class writing assignments. 
I compile them into a list of Guided Reading Questions 
that help students focus on material I cover in class. I also 
use them as discussion questions in Action Centers, where 
students can come for additional help with course material.

Burning Questions cover topics that students 
wonder about.
I ask my students to write down a Burning Question on the 
first day of class. I answer all of them during the semester, 
whenever a relevant topic comes up in class. 

Figure It Out questions reinforce 
chapter concepts and typically have 
numeric answers (supporting student 
math skills). 
Students can work on these in small groups, in 
class, or in Action Center. Most could easily be 
used as clicker questions as well.

Pull It Together 
concept maps 
help students 
see the big 
picture. 
After spending class 
time discussing 
the key points in 
constructing concept 
maps, I have my 
students draw concept 
maps of their own.

x	 Aut ho r ’s 	Guide
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Author’s Guide To Using Digital Tools

McGraw-Hill LearnSmart® is a popular tool 
that helps students learn material ahead of 
class and practice with it afterward.
I assign LearnSmart before each week’s lectures and let 
my students practice with it all they want throughout the 
semester. You can assign any sections you want and adjust 
the amount of detail depending on how much time you 
expect students to spend on the assignment.

Reports show which topics students struggled with, so  
your in-class time can be spent more productively.

New SmartBook™ measures what 
students know and then highlights the 
content they most need to study.  
SmartBook predicts when students are likely to 
forget specific information and revisits that content to 
promote long-term memory.

McGraw-Hill Connect® question 
banks contain integrative activities 
that can be sorted by Bloom’s Level, 
Topic, Section, or Learning Outcome. 
I assign Connect homework assignments using 
interactive questions before each exam.

This edition features new question banks that 
integrate content from each chapter in the unit and 
between units.

Connect reports reveal which topics need 
additional review prior to the exam.
Reports can help assess overall class performance or data for a 
specific student, using several different criteria.

xi
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You can use McGraw-Hill Tegrity® to record 
your lectures and make them available to 
students in Connect as a first step to  
learning your content or as review.
Whether your course is traditional, fully online, 
or a hybrid, your students can access your 
content when it works for them.

Students can search your lecture by key term 
and go right to that point in your lecture to 
review.

New customizable PowerPoint® Lecture 
Outlines are focused on concepts and are 
useful for online, hybrid, or traditional 
courses. 
I use clickers in my course, and I find the clicker questions 
in the PowerPoints® to be a handy way to increase student 
engagement and assess where I 
need to spend more time.

Use McGraw-Hill Create™ to develop course 
material that matches what you do in the 
classroom.
Create lets you select the chapters you want to use, arrange 
them to follow your syllabus, combine material from other 
sources, and upload your own notes.  

You can choose the delivery method that best suits you and the 
students you teach. 

http://create.mcgraw-hill.com

xii	 Aut ho r ’s 	Guide
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Moss Reproductive Cycle
Fern Reproductive Cycle
Conifer Reproductive Cycle
Sexual Reproduction in Angiosperms
Basidiomycete Reproductive Cycle
Diversity of Fungi
Animal Diversity
Overview of Plant Tissues
Phloem Sap Transport
Water Movement Through the Xylem
Alternation of Generations
Fruit Development
Overview of Animal Tissues
Organ System Interactions
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Earth’s Climate and Biomes
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Threats to Biodiversity

Animated tutorials guide students through 
complicated topics, using illustrations and 
examples from the book. 
I created these to walk students through the most difficult 
material, step by step. You can assign the tutorials with 
accompanying critical thinking questions from the interactive 
question banks, or use the embedded PowerPoint® files in 
your presentations.

Your students can review the tutorials through the eBook or 
by using the media tab in Connect. Topics include

Organization of Life
Scientific Method and Interpreting a Graph 
Chemical Bonding
Dehydration Synthesis and Hydrolysis
Anatomy of a Cell Membrane
ATP
Enzymes
Reaction Energetics
Osmosis
Cell Structure
Overview of Photosynthesis
Light Reactions
The Calvin Cycle
Overview of Respiration
Mitochondrial Electron Transport Chain
Fermentation
Protein Structure
Protein Synthesis
Overview of DNA Replication
Stages of Mitosis
Stages of Meiosis
Comparison of Mitosis and Meiosis
Crossing Over
Nondisjunction
Homologous Chromosomes
Constructing and Interpreting a Punnett Square
DNA Profiling
Mechanisms of Evolution
Genetic Variation: The Basis of Natural Selection
Understanding the Hardy–Weinberg Equation
Evidence for Evolution
Evidence for Human Evolution
Radiometric Dating
Reading an Evolutionary Tree
Origin of Life
Endosymbiont Theory
Viral Replication
Lytic and Lysogenic Cycles
Replication of HIV
Prokaryote Diversity
Protist Diversity
Plant Diversity

Aut ho r ’s 	Guide		 xiii
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It takes an army of people to make a textbook, and while I don’t 
work with everyone directly, I greatly appreciate the contributions 
of each person who makes it possible. 

Matt Taylor has worked alongside me at every stage, from 
first draft to finished product; in addition, he has seamlessly inte-
grated the book’s approach into our digital assets. His careful 
work and insights are invaluable.

I appreciate the help of my colleagues at the University of 
Oklahoma, including Doug Gaffin, Ben Holt, Sharon Kessler, 
Heather Ketchum, Edie Marsh-Matthews, Heather McCarthy, 
Ingo Schlupp, and Mark Walvoord. Helpful colleagues from 
other institutions include Kimberly Demnicki, Pete Ducey, Paul 
Graham, Leslie Jones, and Tony Stancampiano.

I am grateful to several OU students. Caleb Cosper and Emily 
North have scrutinized art and narrative with good humor and a 
gentle touch. Rachel Hunter analyzed page layouts early on, and 
conversations with students in my classes spark many good ideas. 

My team at McGraw-Hill is wonderful. Thank you to 
 Michael Hackett for his guidance and friendship. Lynn Breit-
haupt, a recent addition to the team, has been supportive in many 
ways. I admire Eric Weber for his devotion to creating qual-
ity products that really help students learn. Anne Winch has an 
amazing ability to juggle many tasks, all while remaining both 

responsive and funny. Chris Loewenberg contributes energy and 
great ideas to the marketing side. Sheila Frank keeps the produc-
tion team moving forward with enviable skill, and I appreciate 
designer Michelle Whitaker’s support and eye for detail. Emily 
Tietz and John Leland provide outstanding service in photo 
selections. Christine Foushi is my software lifeline. Jane Peden 
has made life easier in countless ways. Finally, I appreciate my 
friends Michael Lange (now retired) and Patrick Reidy, without 
whom I would not be writing textbooks at all. 

Electronic Publishing Services, Inc., produced the art and 
composed the beautiful page layouts. I appreciate their artistic 
talent and creative ideas for integrating the narrative with the 
illustrations and remain in awe of their ability to turn my rough 
sketches into new art. 

My family and friends continue to encourage me. Thank 
you to my parents and sister for their pride and support. I also 
thank my friends Nicole Campbell, Kelly Damphousse, Ben and 
Angie Holt, Karen and Bruce Renfroe, Ingo and Andrea Schlupp, 
Clarke and Robin Stroud, Matt Taylor and Elise Knowlton, and 
Mark Walvoord. Sidecar the cat occasionally stops in at the office 
as well. Finally, my husband Doug Gaffin is always there for me, 
helping in countless large and small ways. I could not do this 
work without him.
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among cells, chromosomes, DNA, and genes; introduced epi-
genetics; reworked the section on mutations to improve clarity; 
moved biotechnology content to a new chapter (chapter 11).  

• Chapter 8 (DNA Replication, Binary Fission, and Mitosis): 
Wrote new chapter opening essay on gigantism and dwarfism, 
added binary fission; clarified number of chromosomes in figures 
throughout chapter, improved explanation of the participants in 
DNA replication, added a new figure showing origins of repli-
cation, clarified the distinction between “chromatin” and “chro-
mosome” in the figure showing DNA packing, added figure on 
ethnicity and breast cancer mutations, added photo of syndactyly 
to the apoptosis figure, moved biotechnology content to a new 
chapter (chapter 11).  

• Chapter 9 (Sexual  Reproduction and Meiosis): Clarified num-
ber of chromosomes in figures throughout chapter, reworked 
nondisjunction figure to improve separation between meiosis 
and fertilization, added Figure It Out to reinforce the “reduction” 
function of meiosis, wrote new Investigating Life piece on how 
sexual reproduction is adaptive in an environment containing 
evolving parasites.  

• Chapter 10 (Patterns of  Inheritance): Changed upper- and 
lower-case letters to be more easily distinguishable from one 
another throughout art, improved context of many figures to 
enhance clarity, added two new Figure It Out questions in the sec-
tion on linked genes and chromosome mapping, reworked figures 
illustrating pleiotropy and epistasis, added a new Burning Ques-
tion box on obesity and epigenetics, developed new figure on X 
chromosome inactivation and Rett syndrome, replaced all genet-
ics problems in end of chapter materials, modified “How to Solve 
a Genetics Problem” to add a labeled section for the product rule. 

• Chapter 11 (DNA  Technology): This new chapter contains parts 
of chapters 7 and 8 from the second edition, with new content 
added on DNA probes, preimplantation genetic diagnosis, genetic 
testing for disease, gene therapy, and ethical issues surrounding 
the medical use of DNA technology; revised content on DNA 
profiling, stem cells, and cloning; added boxed readings on gene 
doping and genetic engineering. 

	Unit	3	 The Evolution of Life 
• Chapter 12 (The Forces of Evolutionary Change): Added intro-

ductory section introducing the concepts of population, gene pool, 
and allele frequencies; refuted the misconception of evolution 
as being “need-based”; explained the distinction between artifi-
cial selection and human-influenced natural selection; reworked 
Hardy–Weinberg section for simplicity and clarity; updated 
Investigating Life piece on fish harvesting experiment. 

• Chapter 13 (Evidence of Evolution): Revised geologic time scale 
figure to add information and improve accuracy; added examples 
of convergent evolution in plants; added art showing how homeo-
tic genes control limb development in chicks and pythons; rear-
ranged section on molecular evidence to place all DNA evidence 
together; revised other art for clarity; moved Investigating Life on 
Tiktaalik and Najash fossils to this chapter, to better illustrate how 
scientists study evolutionary transitions. 

Changes by Chapter
	Unit	1	 Science. Chemistry, and Cells

• Chapter 1 (The Scientific Study of Life): Broadened the focus 
of the chapter-opening essay to better illustrate the scope of biol-
ogy; added illustration for homeostasis; clarified explanation of 
how to write a scientific name; improved descriptions of terms 
related to the process of science, such as how predictions follow 
from hypotheses and the distinction between facts and theories. 

• Chapter 2 (The Chemistry of Life): Wrote new chapter- opening 
essay on chemical defenses; added new illustrations of isotopes, 
electronegativity trends, adhesion and cohesion, functional 
groups, diverse protein shapes and functions, and denaturation; 
added more everyday examples; responded to student requests to 
simplify several paragraphs and rearrange section subheadings; 
added new Investigating Life on aphids that change color. 

• Chapter 3 (Cells): Added table to explain cell theory and figures 
to depict cell similarities, improved cell membrane figure to show 
selective permeability, added sterols to plant cell membranes, 
added new illustration showing free and membrane-bound ribo-
somes, created new Investigating Life piece on bacteria that detect 
magnetic fields. 

• Chapter 4 (The Energy of Life): Added new figure showing how 
the cell uses ATP, included an analogy of oxidation– reduction in 
narrative and art; improved figures to connect activation energy 
with enzyme action, brought examples of enzyme inhibitors 
closer to the passage on negative feedback, added table that com-
pares and contrasts different forms of membrane transport. 

• Chapter 5 (Photosynthesis): Modified some headings to improve 
clarity of main ideas, added new Figure It Out, added a table to 
clarify that photosynthesis occurs in bacteria and eukaryotes, 
improved illustration and description of photosystem structure 
and pigments, improved explanation in the box on why leaves 
change color in the fall, added illustration in Apply It Now box 
showing where herbicides block photosynthesis, improved the 
illustration of C3 and C4 leaves. 

• Chapter 6 (How Cells Release Energy): Clarified that all cells 
need ATP and that aerobic cellular respiration is extremely com-
mon in eukaryotes, bacteria, and archaea; named and labeled 
the “transition step” throughout the chapter’s figures; improved 
explanation of and added a summary figure depicting substrate-
level phosphorylation; added a Figure It Out question on fat 
metabolism; debunked the myth that lactic acid causes delayed 
muscle soreness; reworked figure summarizing the main energy 
pathways; explained evolutionary significance of chloroplasts’ 
and mitochondria’s double membranes.

	Unit	2	 DNA, Inheritance, 
and Biotechnology

• Chapter 7 (DNA Structure and Gene Function): Reworked the 
chapter opening essay to acknowledge that the Human Genome 
Project is “old news,” yet its implications reach far into the future; 
streamlined section 7.2; added a figure illustrating the relationships 

xvi	 c hAnGes 	by 	c hApt er
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• Chapter 14 (Speciation and Extinction): Reworked multiple 
figures for clarity, added figure illustrating similarities between 
species that share a taxonomic level, added Burning Question 
on watching speciation and evolution in action, expanded Apply 
It Now box to include data on vertebrate and plant extinctions, 
updated data in Investigating Life section. 

• Chapter 15 (The  Origin and History of Life): Moved figure 
summarizing origin of life earlier in the chapter, so it serves as 
an advance organizer; added figures on the accumulation of O2 in 
the atmosphere and on secondary endosymbiosis; reworked figure 
on membrane infolding; added Burning Question explaining why 
mitochondria and chloroplasts cannot live independently; created 
new Investigating Life on human genetic diversity within and 
between continents.

	Unit	4	 The Diversity of Life
• Chapter 16 (Viruses): Added a figure comparing a virus, a bac-

terial cell, and a eukaryotic cell; improved viral replication and 
HIV figures for accuracy and clarity; revised Apply It Now box on 
anti-HIV drugs to incorporate new research on coreceptors, gene 
therapy, and stem cells; expanded Burning Question to explain 
that HPV is associated with mouth and throat cancers in men.  

• Chapter 17 (Bacteria and Archaea): Added figure comparing 
archaea and bacteria, added figure comparing gram-negative and 
gram-positive cells, added figure illustrating examples of anaero-
bic and aerobic habitats, reworked horizontal gene transfer figure 
for clarity and to make it more explanatory, expanded Apply It 
Now box to explain what ordinary people can do to prevent the 
spread of antibiotic-resistant bacteria, moved figure and descrip-
tion of binary fission to chapter 8 (DNA Replication, Binary Fis-
sion, and Mitosis), mentioned the microbes that helped clean up 
after the Deepwater Horizon blowout in 2010. 

• Chapter 18 (Protists): Improved illustration showing primary 
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the narrative to emphasize how the environment selects for each 
group’s adaptations; combined hagfishes and lampreys into one 
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jaw and the evolution of limbs from fins; created new Investigating 
Life on the evolution of genes contributing to complex body plans 
in the Cambrian explosion.

	Unit	5	 Plant Life
• Chapter 22 (Plant Form and Function): Added illustration 

comparing woody and herbaceous plants; added photos and 
reworked figures showing modified stems, leaves, and roots; 
added cross section of monocot leaf for comparison to the eudicot 
leaf; rearranged chapter to improve the transition from primary to 
secondary growth; added inset for intercalary meristem to figure 
illustrating meristems; added rays to illustrations of secondary 
growth; added whole tree for context to wood anatomy figure. 

• Chapter 23 (Plant Nutrition and Transport): Clarified explana-
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• Chapter 27 (The Senses): Clarified the roles of the senses beyond 
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tors in skin, clarified location of photoreceptor cells in octopus eye, 
clarified and simplified illustration of the path of light in the retina, 
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visual cortex, reworked and clarified Apply It Now box on correct-
ing vision, added illustration of “unrolled” cochlea to show how 
the ear perceives sounds of different frequencies, clarified function 
of the vestibular apparatus, created new Investigating Life on pain 
perception in naked mole rats. 
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• Chapter 35 (Animal Reproduction and Development): Clari-
fied passage on oogenesis, added figures for hormonal interac-
tions in males and females, reworked table on contraception to 
show how each method works, added Burning Question box on 
the fertility awareness method of birth control, added informa-
tion about the HPV vaccine for females and males, added cervi-
cal cancer to the table of STDs, simplified figure on fertilization, 
improved table summarizing development, added customized 
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illustrations, reworked description of how animals find specific 
locations, added photos of bird courtship rituals. 

• Chapter 37 (Populations): Added illustration to reinforce the 
distinctions among organism, population, community, and eco-
system; improved illustrations of exponential growth, logistic 
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Burning Question box to emphasize human missions to Mars; 
improved distinction between scavengers and decomposers; 
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nutrient cycles and added step numbers. 
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size the importance of the discovery of deep-sea hydrothermal 
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about research into past climates, added image showing bands of 
temperature from the equator to the poles; improved rain shadow 
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ity, reworked figure showing the distribution of global water 
resources, created new Investigating Life on species shifts from 
biome to biome. 
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data on CO2 accumulation and global average temperature, added 
figure showing global warming-induced melting of Arctic ice, 
updated numbers of threatened and invasive species in the United 
States, added Investigating Life on the relationship between ele-
vated temperatures and genetic diversity in chipmunks at Yosem-
ite National Park.

• Chapter 28 (The Endocrine System): Created new chapter-
opening essay on stress hormones, clarified the distinction between 
types of water-soluble hormones, added information on how cells 
can alter their sensitivity to particular hormones, clarified descrip-
tion of hormone-induced signaling cascade, improved illustration 
of hormones of the hypothalamus and pituitary, clarified role of 
prolactin, simplified figure of adrenal hormones, clarified the expla-
nation of the use of epinephrine injections in severe allergic reac-
tions, improved illustration of pancreas, updated data on obesity 
and diabetes, added information about gastric bypass surgery and 
type 2 diabetes, added Investigating Life on antidiuretic hormone 
and pair-bonding. 

• Chapter 29 (The Skeletal and  Muscular Systems): Created 
new chapter opener on prosthetic limbs, improved illustrations of 
hydrostatic skeleton and scoliosis, clarified description of bone 
marrow, simplified description and illustration of bone anatomy, 
improved explanation of role of compact bone, clarified role of 
estrogen in osteoporosis, improved illustration of interaction 
between motor neurons and muscle cells, added figure illustrating 
fast- and slow-twitch muscles, added Burning Question on why 
heat soothes sore muscles. 

• Chapter 30 (The Circulatory System): Added Burning 
Question on bruises; simplified illustration of heart anatomy; 
improved illustrations and descriptions of open circulatory sys-
tem, valves in veins, electrical changes during the heartbeat, 
capillary beds, how skeletal muscles drive blood flow in veins, 
blood pressure measurement, and lymphatic system; simplified 
illustration comparing blood pressure, blood velocity, and vessel 
cross-sectional area. 

• Chapter 31 (The Respiratory System): Clarified the rela-
tionship between the concentration gradient and the rate of gas 
exchange; improved illustration of diversity in respiratory sys-
tems; improved connection between circulatory system and respi-
ratory system evolution in vertebrates; clarified illustrations of 
breathing in frogs, birds, and humans; improved illustration com-
paring composition of inhaled and exhaled air; clarified illustra-
tion of hemoglobin. 

• Chapter 32 (Digestion and Nutrition): Created new chapter-
opening essay on gut microbes, added figure summarizing the 
stages of acquiring and using food, improved figure showing 
where food molecules are digested, added content on the treat-
ment of eating disorders, created Investigating Life on phenotypic 
plasticity of gut length in tadpoles.  

• Chapter 33 (Regulation of  Temperature and Body Fluids): 
Improved figure comparing ectotherms and endotherms; clarified 
figure illustrating nitrogenous wastes; improved figures of urinary 
system anatomy and nephron function; added information about 
diabetes, high blood pressure, and kidney damage to Apply It 
Now box. 

• Chapter 34 (The Immune System): Improved illustrations of 
immune system anatomy, white blood cells, and clonal selection; 
added figures comparing innate and acquired immunity and sum-
marizing innate immune defenses; simplified presentation of MHC 
proteins; clarified how humoral and cell-mediated immunity are 
activated; added box on tick-transmitted meat allergies. 
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Agents 340

A. A Viroid Is an Infectious RNA Molecule 340
B. A Prion Is an Infectious Protein 340

 16.7 Investigating Life: Scientific Detectives Follow 
HIV’s Trail 341

 17 | Bacteria and Archaea 344
 17.1 Prokaryotes Are a Biological Success Story 346

 17.2 Prokaryote Classification Traditionally Relies on Cell 
Structure and Metabolism 347

A. Microscopes Reveal Cell Structures 347
B. Metabolic Pathways May Be Useful in 

Classification 349
C. Molecular Data Reveal Evolutionary 

Relationships 351
D. Horizontal Gene Transfer Complicates 

Classification 351

 17.3 Prokaryotes Include Two Domains with Enormous 
Diversity 352

A. Domain Bacteria Includes Many Familiar Groups 352
B. Many, But Not All, Archaea Are “Extremophiles” 353

 17.4 Bacteria and Archaea Are Important to Human 
Life 354

A. Microbes Form Vital Links in Ecosystems 354
B. Bacteria and Archaea Live In and On Us 354
C. Humans Put Many Prokaryotes to Work 356

 17.5 Investigating Life: A Bacterial Genome Solves Two 
Mysteries 356

 18 | Protists 360
 18.1 Protists Lie at the Crossroads Between Simple and 

Complex Organisms 362

A. What Is a Protist? 362
B. Protists Are Important in Many Ways 362
C. Protists Have a Lengthy Evolutionary History 362

 18.2 Many Protists Are Photosynthetic 364

A. Euglenoids Are Heterotrophs and Autotrophs 364
B. Dinoflagellates Are “Whirling Cells” 364
C. Golden Algae, Diatoms, and Brown Algae Contain 

Yellowish Pigments 365
D. Red Algae Can Live in Deep Water 366
E. Green Algae Are the Closest Relatives of Land 

Plants 366

 18.3 Some Heterotrophic Protists Were Once Classified 
as Fungi 368

A. Slime Molds Are Unicellular and Multicellular 368
B. Water Molds Are Decomposers and Parasites 368

 18.4 Protozoa Are Diverse Heterotrophic Protists 370

A. Several Flagellated Protozoa Cause Disease 370
B. Amoeboid Protozoa Produce Pseudopodia 370
C. Ciliates Are Common Protozoa with Complex 

Cells 371
D. Apicomplexans Include Nonmotile Animal Parasites 372

 18.5 Protist Classification Is Changing Rapidly 374

 18.6 Investigating Life: Shining a Spotlight on Danger 375

 19 | Plants 378
 19.1 Plants Have Changed the World 380

A. Green Algae Are the Closest Relatives of Plants 380
B. Plants Are Adapted to Life on Land 382

 19.2 Bryophytes Are the Simplest Plants 384
A. Bryophytes Lack Vascular Tissue 384
B. Bryophytes Have a Conspicuous Gametophyte 385

 19.3 Seedless Vascular Plants Have Xylem and Phloem But 
No Seeds 386

A. Seedless Vascular Plants Include Ferns and Their Close 
Relatives 386

B. Seedless Vascular Plants Have a Conspicuous 
Sporophyte and Swimming Sperm 387

 19.4 Gymnosperms Are “Naked Seed” Plants 388

A. Gymnosperms Include Conifers and Three Related 
Groups 388

B. Conifers Produce Pollen and Seeds in Cones 389

 19.5 Angiosperms Produce Seeds in Fruits 390
A. Most Angiosperms Are Eudicots or Monocots 390
B. Flowers and Fruits Are Unique to the Angiosperm Life 

Cycle 390
C. Wind and Animals Often Participate in Angiosperm 

Reproduction 392

 19.6 Investigating Life: Genetic Messages from Ancient 
Ecosystems 394

 20 | Fungi 398
 20.1 Fungi Are Essential Decomposers 400

A. Fungi Are Eukaryotic Heterotrophs That Digest Food 
Externally 400

B. Fungal Classification Is Traditionally Based on 
Reproductive Structures 402

 20.2 Chytridiomycetes Produce Swimming Spores 403

 20.3 Zygomycetes Are Fast Growing and Prolific 404

 20.4 Glomeromycetes Colonize Living Plant Roots 405

 20.5 Ascomycetes Are the Sac Fungi 406

 20.6 Basidiomycetes Are the Familiar Club Fungi 408

xxiv	 co nt ent s

hoe25545_fm_i-xxxi.indd   24 10/15/13   11:51 AM



 20.7 Fungi Interact with Other Organisms 410

A. Endophytes Live in Aerial Plant Parts 410
B. Mycorrhizal Fungi Live on or in Roots 410
C. Some Ants Cultivate Fungi 410
D. Lichens Are Distinctive Dual Organisms 411

 20.8 Investigating Life: The Battle for Position in Cacao Tree 
Leaves 412

 21 | Animals 416
 21.1 Animals Live Nearly Everywhere 418

A. The First Animals Likely Evolved from Protists 418
B. Animals Share Several Characteristics 419
C. Biologists Classify Animals Based on Shared 

Ancestry 419
D. Biologists Also Consider Additional 

Characteristics 421

 21.2 Sponges Are Simple Animals That Lack Differentiated 
Tissues 423

 21.3 Cnidarians Are Radially Symmetrical, Aquatic 
Animals 424

 21.4 Flatworms Have Bilateral Symmetry and Incomplete 
Digestive Tracts 425

 21.5 Mollusks Are Soft, Unsegmented Animals 427

 21.6 Annelids Are Segmented Worms 428

 21.7 Nematodes Are Unsegmented, Cylindrical Worms 430

 21.8 Arthropods Have Exoskeletons and Jointed 
Appendages 432
A. Arthropods Have Complex Organ Systems 432
B. Arthropods Are the Most Diverse Animals 434

 21.9 Echinoderm Adults Have Five-Part, Radial 
Symmetry 436

 21.10 Most Chordates Are Vertebrates 438

A. Four Key Features Distinguish Chordates 438
B. Many Features Reveal Evolutionary Relationships 

Among Chordates 439

 21.11 Tunicates and Lancelets Are Invertebrate 
Chordates 442

 21.12 Hagfishes and Lampreys Are Craniates Lacking 
Jaws 443

 21.13 Fishes Are Aquatic Vertebrates with Jaws, Gills, and 
Fins 444

A. Cartilaginous Fishes Include Sharks, Skates, and 
Rays 444

B. Bony Fishes Include Two Main Lineages 444
C. Fishes Changed the Course of Vertebrate 

Evolution 445

 21.14 Amphibians Lead a Double Life on Land and in 
Water 446

A. Amphibians Were the First Tetrapods 446
B. Amphibians Include Three Main Lineages 446

 21.15 Reptiles Were the First Vertebrates to Thrive on Dry 
Land 448

A. Nonavian Reptiles Include Four Main Groups 448
B. Birds Are Warm, Feathered Reptiles 450

 21.16 Mammals Are Warm, Furry Milk-Drinkers 451

A. Mammals Share a Common Ancestor with 
Reptiles 451

B. Mammals Lay Eggs or Bear Live Young 452

 21.17 Investigating Life: Sponges Fill Holes in Animal 
Evolution 453

	Unit	5	 Plant Life

 22 | Plant Form and 
Function 460

 22.1 Vegetative Plant Parts  
Include Stems, Leaves, and Roots 462

 22.2 Plant Cells Build Tissues 465

A. Plants Have Several Cell Types 465
B. Plant Cells Form Three Main Tissue Systems 467

 22.3 Tissues Build Stems, Leaves, and Roots 469

A. Stems Support Leaves 469
B. Leaves Are the Primary Organs of Photosynthesis 469
C. Roots Absorb Water and Minerals, and Anchor the 

Plant 470

 22.4 Plants Have Flexible Growth Patterns, Thanks to 
Meristems 473

A. Plants Grow by Adding New Modules 473
B. Plant Growth Occurs at Meristems 473
C. In Primary Growth, Apical Meristems Lengthen Stems 

and Roots 474
D. In Secondary Growth, Lateral Meristems Thicken 

Stems and Roots 474

 22.5 Investigating Life: An Army of Tiny Watchdogs 477

 23 | Plant Nutrition and Transport 482
 23.1 Soil and Air Provide Water and Nutrients 484

A. Plants Require 16 Essential Elements 484
B. Soils Have Distinct Layers 484
C. Leaves and Roots Absorb Essential Elements 485

 23.2 Water and Dissolved Minerals Are Pulled Up to 
Leaves 487

A. Water Vapor Is Lost from Leaves Through 
Transpiration 487

B. Water and Dissolved Minerals Enter at the Roots 488
C. Xylem Transport Relies on Cohesion 488
D. The Cuticle and Stomata Help Conserve Water 489

 23.3 Organic Compounds Are Pushed to Nonphotosynthetic 
Cells 490

A. Phloem Sap Contains Sugars and Other Organic 
Compounds 490
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B. The Pressure Flow Theory Explains Phloem 
Function 490

23.4 Parasitic Plants Tap into Another Plant’s Vascular 
Tissue 492

23.5 Investigating Life: The Hidden Cost of Traps 492

 24 | Reproduction and Development
of Flowering Plants 496

24.1 Angiosperms Reproduce Asexually and Sexually 498

A. Asexual Reproduction Yields Clones 498
B. Sexual Reproduction Generates Variability 499

24.2 The Angiosperm Life Cycle Includes Flowers, Fruits, 
and Seeds 500

A. Flowers Are Reproductive Organs 500
B. The Pollen Grain and Embryo Sac Are 

Gametophytes 501
C. Pollination Brings Pollen to the Stigma 501
D. Double Fertilization Yields Zygote and 

Endosperm 502
E. A Seed Is an Embryo and Its Food Supply Inside a 

Seed Coat 503
F. The Fruit Develops from the Ovary 504
G. Fruits Protect and Disperse Seeds 505

24.3 Plant Growth Begins with Seed Germination 506

24.4 Hormones Regulate Plant Growth and 
Development 507

A. Auxins and Cytokinins Are Essential for Plant 
Growth 507

B. Gibberellins, Ethylene, and Abscisic Acid Influence 
Plant Development in Many Ways 508

C. Biologists Continue to Discover Additional Plant 
Hormones 509

24.5 Light Is a Powerful Influence on Plant Life 510

A. Phototropism Is Growth Toward Light 510
B. Phytochrome Regulates Seed Germination, 

Daily Rhythms, and Flowering 511

24.6 Plants Respond to Gravity and Touch 513

24.7 Plant Parts Die or Become Dormant 514

24.8 Investigating Life: A Red Hot Chili Pepper 
Paradox 515

	Unit	6	 Animal Life

 25 | Animal Tissues
and Organ 
Systems 518

25.1 Specialized Cells Build Animal Bodies 520

25.2 Animals Consist of Four Tissue Types 522

A. Epithelial Tissue Covers Surfaces 522
B. Most Connective Tissues Bind Other Tissues 

Together 523

C. Muscle Tissue Provides Movement 524
D. Nervous Tissue Forms a Rapid Communication 

Network 525

25.3 Organ Systems Are Interconnected 526

A. The Nervous and Endocrine Systems Coordinate 
Communication 526

B. The Skeletal and Muscular Systems Support and Move 
the Body 526

C. The Digestive, Circulatory, and Respiratory Systems 
Help Acquire Energy 526

D. The Urinary, Integumentary, Immune, and Lymphatic 
Systems Protect the Body 527

E. The Reproductive System Produces the Next 
Generation 527

25.4 Organ System Interactions Promote Homeostasis 528

25.5 The Integumentary System Regulates Temperature and 
Conserves Moisture 529

25.6 Investigating Life: Vitamins and the Evolution of 
Human Skin Pigmentation 531

 26 | The Nervous System 534
26.1 The Nervous System Forms a Rapid Communication 

Network 536

A. Invertebrates Have Nerve Nets, Nerve Ladders, or 
Nerve Cords 536

B. Vertebrate Nervous Systems Are Highly 
Centralized 537

26.2 Neurons Are Functional Units of a Nervous System 538

A. A Typical Neuron Consists of a Cell Body, Dendrites, 
and an Axon 538

B. The Nervous System Includes Three Classes of 
Neurons 539

26.3 Action Potentials Convey Messages 540

A. A Neuron at Rest Has a Negative Charge 540
B. A Neuron Transmitting an Impulse Undergoes a 

Wave of Depolarization 540
C. The Myelin Sheath Speeds Impulse Conduction 543

26.4 Neurotransmitters Pass the Message from Cell to 
Cell 544

A. Neurons Communicate at Synapses 544
B. A Neuron Integrates Signals from Multiple 

Synapses 545

26.5 The Peripheral Nervous System Consists of Nerve Cells 
Outside the Central Nervous System 546

26.6 The Central Nervous System Consists of the Spinal 
Cord and Brain 548

A. The Spinal Cord Transmits Information Between Body 
and Brain 548

B. The Human Brain Is Divided into Several 
Regions 548

C. Many Brain Regions Participate in Memory 
Formation 551

D. Damage to the Central Nervous System Can Be 
Devastating 551

26.7 Investigating Life: The Nerve of Those Clams! 554
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 27 | The Senses 558
 27.1 Diverse Senses Operate by the Same Principles 560

A. Sensory Receptors Respond to Stimuli by Generating 
Action Potentials 560

B. Continuous Stimulation May Cause Sensory 
Adaptation 561

 27.2 The General Senses Detect Touch, Temperature, Pain, 
and Position 562

 27.3 The Senses of Smell and Taste Detect Chemicals 563

A. Chemoreceptors in the Nose Detect Odor 
Molecules 563

B. Chemoreceptors in the Mouth Detect Taste 564

 27.4 Vision Depends on Light-Sensitive Cells 565

A. Invertebrate Eyes Take Many Forms 565
B. In the Vertebrate Eye, Light Is Focused on the 

Retina 565
C. Signals Travel from the Retina to the Optic Nerve and 

Brain 566

 27.5 The Senses of Hearing and Equilibrium Begin in the 
Ears 568

A. Mechanoreceptors in the Inner Ear Detect Sound 
Waves 568

B. The Inner Ear Also Provides the Sense of 
Equilibrium 569

 27.6 Investigating Life: Never Mind the Air in This 
Underground Lair 570

 28 | The Endocrine System 574
 28.1 The Endocrine System Uses Hormones to 

Communicate 576

A. Endocrine Glands Secrete Hormones That Interact with 
Target Cells 576

B. The Nervous and Endocrine Systems Work 
Together 577

 28.2 Hormones Stimulate Responses in Target Cells 578

A. Water-Soluble Hormones Trigger Second Messenger 
Systems 578

B. Lipid-Soluble Hormones Directly Alter Gene 
Expression 579

 28.3 The Hypothalamus and Pituitary Gland Oversee 
Endocrine Control 581

A. The Posterior Pituitary Stores and Releases Two 
Hormones 581

B. The Anterior Pituitary Produces and Secretes Six 
Hormones 581

 28.4 Hormones from Many Glands Regulate 
Metabolism 582

A. The Thyroid Gland Sets the Metabolic Pace 582
B. The Parathyroid Glands Control Calcium Level 583
C. The Adrenal Glands Coordinate the Body’s Stress 

Responses 583
D. The Pancreas Regulates Nutrient Use 584
E. The Pineal Gland Secretes Melatonin 585

 28.5 Hormones from the Ovaries and Testes Control 
Reproduction 586

 28.6 Investigating Life: Addicted to Affection 586

 29 | The Skeletal and Muscular 
Systems 590

 29.1 Skeletons Take Many Forms 592

 29.2 The Vertebrate Skeleton Features a Central 
Backbone 593

 29.3 Bones Provide Support, Protect Internal Organs, and 
Supply Calcium 594

A. Bones Consist Mostly of Bone Tissue and 
Cartilage 594

B. Bones Are Constantly Built and Degraded 596
C. Bones Help Regulate Calcium Homeostasis 596
D. Bone Meets Bone at a Joint 597

 29.4 Muscle Movement Requires Contractile Proteins, 
Calcium, and ATP 598

A. Actin and Myosin Filaments Fill Muscle Cells 598
B. Sliding Filaments Are the Basis of Muscle Fiber 

Contraction 599
C. Motor Neurons Stimulate Muscle Fiber 

Contraction 600

 29.5 Muscle Fibers Generate ATP in Many Ways 602

 29.6 Many Muscle Fibers Combine to Form One 
Muscle 603

A. Each Muscle May Contract with Variable Force 603
B. Muscles Contain Slow- and Fast-Twitch Fibers 603
C. Exercise Strengthens Muscles 604

 29.7 Investigating Life: Did a Myosin Gene Mutation Make 
Humans Brainier? 604

 30 | The Circulatory System 608
 30.1 Circulatory Systems Deliver Nutrients 

and Remove Wastes 610

A. Circulatory Systems Are Open or Closed 610
B. Vertebrate Circulatory Systems Have Become 

Increasingly Complex 611

 30.2 Blood Is a Complex Mixture 612

A. Plasma Carries Many Dissolved Substances 612
B. Red Blood Cells Transport Oxygen 613
C. White Blood Cells Fight Infection 613
D. Blood Clotting Requires Platelets and Plasma 

Proteins 614

 30.3 Blood Circulates Through the Heart and Blood 
Vessels 615

 30.4 The Human Heart Is a Muscular Pump 616

A. The Heart Has Four Chambers 616
B. The Right and Left Halves of the Heart Deliver Blood 

Along Different Paths 616
C. Cardiac Muscle Cells Produce the Heartbeat 617
D. Exercise Strengthens the Heart 618
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 30.5 Blood Vessels Form the Circulation Pathway 619

A. Arteries, Capillaries, and Veins Have Different 
Structures 619

B. Blood Pressure and Velocity Differ Among Vessel 
Types 620

 30.6 The Lymphatic System Maintains Circulation and 
Protects Against Infection 623

 30.7 Investigating Life: In (Extremely) Cold Blood 624

 31 | The Respiratory System 628
 31.1 Gases Diffuse Across Respiratory Surfaces 630

A. Some Invertebrates Exchange Gases Across the 
Body Wall or in Internal Tubules 631

B. Gills Exchange Gases with Water 632
C. Terrestrial Vertebrates Exchange Gases in Lungs 632

 31.2 The Human Respiratory System Delivers Air 
to the Lungs 634

A. The Nose, Pharynx, and Larynx Form the Upper 
Respiratory Tract 634

B. The Lower Respiratory Tract Consists of the Trachea 
and Lungs 635

 31.3 Breathing Requires Pressure Changes in the 
Lungs 636

 31.4 Blood Delivers Oxygen and Removes Carbon 
Dioxide 638

A. Blood Carries Gases in Several Forms 638
B. Blood Gas Levels Help Regulate the Breathing 

Rate 638

 31.5 Investigating Life: Why Do Bugs Hold Their 
Breath? 640

 32 | Digestion and Nutrition 644
 32.1 Digestive Systems Derive Nutrients and Energy from 

Food 646

A. Animals Eat to Obtain Energy and Building 
Blocks 646

B. How Much Food Does an Animal Need? 646
C. Animals Process Food in Four Stages 646
D. Animal Diets and Feeding Strategies Vary 

Greatly 647

 32.2 Animal Digestive Tracts Take Many Forms 648

 32.3 The Human Digestive System Consists of Several 
Organs 650

A. Digestion Begins in the Mouth 650
B. The Stomach Stores, Digests, and Pushes Food 651
C. The Small Intestine Digests and Absorbs 

Nutrients 652
D. The Large Intestine Completes Nutrient and Water 

Absorption 654

 32.4 A Healthy Diet Includes Essential Nutrients and the 
Right Number of Calories 656

A. A Varied Diet Is Essential to Good Health 656

B. Body Weight Reflects Food Intake and Activity 
Level 658

C. Starvation: Too Few Calories to Meet the Body’s 
Needs 659

D. Obesity: More Calories Than the Body Needs 659

 32.5 Investigating Life: A Gut Reaction to a Single 
Meal 660

 33 | Regulation of Temperature and Body 
Fluids 664

 33.1 Animals Regulate Their Internal Temperature 666

A. Heat Gains and Losses Determine an Animal’s Body 
Temperature 666

B. Several Adaptations Help an Animal to Adjust Its 
Temperature 667

 33.2 Animals Regulate Water and Ions in Body Fluids 669

 33.3 Nitrogenous Wastes Include Ammonia, Urea, and Uric 
Acid 670

 33.4 The Urinary System Produces, Stores, and Eliminates 
Urine 671

 33.5 The Nephron Is the Functional Unit of the Kidney 672

A. Nephrons Interact Closely with Blood Vessels 672
B. Urine Formation Includes Filtration, Reabsorption, and 

Secretion 672
C. The Glomerular Capsule Filters Blood 674
D. Reabsorption and Secretion Occur in the Renal 

Tubule 674
E. The Collecting Duct Conserves More Water 675
F. Hormones Regulate Kidney Function 675

 33.6 Investigating Life: Sniffing Out the Origin of Fur and 
Feathers 676

 34 | The Immune System 680
 34.1 Many Cells, Tissues, and Organs Defend the Body 682

A. White Blood Cells Play Major Roles in the Immune 
System 682

B. The Lymphatic System Consists of Several Tissues and 
Organs 683

C. The Immune System Has Two Main Subdivisions 683

 34.2 Innate Defenses Are Nonspecific and Act Early 684

A. Barriers Form the First Line of Defense 684
B. White Blood Cells and Macrophages Destroy 

Invaders 684
C. Redness and Swelling Indicate Inflammation 684
D. Complement Proteins and Cytokines Are Chemical 

Defenses 685
E. Fever Helps Fight Infection 685

 34.3 Adaptive Immunity Defends Against Specific 
Pathogens 686

A. Macrophages Trigger Both Cell-Mediated and Humoral 
Immunity 686

B. T Cells Coordinate Cell-Mediated Immunity 687
C. B Cells Direct the Humoral Immune Response 687
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D. The Immune Response Turns Off Once the Threat 
Is Gone 690

E. The Secondary Immune Response Is Stronger Than the 
Primary Response 690

 34.4 Vaccines Jump-Start Immunity 692

 34.5 Several Disorders Affect the Immune System 693

A. Autoimmune Disorders Are Devastating 
and Mysterious 693

B. Immunodeficiencies Lead to Opportunistic 
Infections 693

C. Allergies Misdirect the Immune Response 694
D. A Pregnant Woman’s Immune System May Attack 

Her Fetus 695

 34.6 Investigating Life: The Hidden Cost of Hygiene 696

 35 | Animal Reproduction and 
Development 700

 35.1 Animal Development Begins with Reproduction 702

A. Reproduction Is Asexual or Sexual 702
B. Gene Expression Dictates Animal Development 702
C. Development Is Indirect or Direct 703

 35.2 Males Produce Sperm Cells 704

A. Male Reproductive Organs Are Inside 
and Outside the Body 704

B. Spermatogenesis Yields Sperm Cells 705
C. Hormones Influence Male Reproductive Function 706

 35.3 Females Produce Egg Cells 707

A. Female Reproductive Organs Are Inside the Body 707
B. Oogenesis Yields Egg Cells 708
C. Hormones Influence Female Reproductive 

Function 709
D. Hormonal Fluctuations Can Cause Discomfort 711
E. Contraceptives Prevent Pregnancy 711

 35.4 Sexual Activity May Transmit Disease 713

 35.5 The Human Infant Begins Life as a Zygote 714

A. Fertilization Joins Genetic Packages and Initiates 
Pregnancy 714

B. Preembryonic Events Include Cleavage, Implantation, 
and Gastrulation 715

C. Organs Take Shape During the Embryonic Stage 716
D. Organ Systems Become Functional in the Fetal 

Stage 719
E. Muscle Contractions in the Uterus Drive 

Childbirth 720

 35.6 Birth Defects Have Many Causes 721

 35.7 Investigating Life: The Ultimate Sacrifice 723

	Unit	7	 The Ecology of Life

 36 | Animal 
Behavior 728

 36.1 Animal Behaviors Have  
Proximate and Ultimate Causes 730

 36.2 Animal Behaviors Combine Innate and Learned 
Components 731

A. Innate Behaviors Do Not Require Experience 731
B. Learning Requires Experience 732
C. Genes and Environment Interact to Determine 

Behavior 733

 36.3 Many Behaviors Improve Survival 734

A. Some Animals Can Find Specific Locations 734
B. Animals Balance the Energy Content and Costs of 

Acquiring Food 735
C. Avoiding Predation Is Another Key to Survival 736

 36.4 Many Behaviors Promote Reproductive Success 738

A. Courtship Sets the Stage for Mating 738
B. Sexual Selection Leads to Differences Between the 

Sexes 738
C. Animals Differ in Mating Systems and Degrees of 

Parental Care 739
D. Human Reproductive Choices May Reflect Natural 

Selection 740

 36.5 Social Behaviors Often Occur in Groups 741

A. Group Living Has Costs and Benefits 741
B. Dominance Hierarchies and Territoriality Reduce 

Competition 742
C. Kin Selection and Reciprocal Altruism Explain Some 

Acts of Cooperation 742
D. Eusocial Animals Have Highly Developed 

Societies 743

 36.6 Investigating Life: The “Cross-Dressers” of the 
Reef 744

 37 | Populations 748
 37.1 A Population Consists of Individuals of One 

Species 750

A. Density and Distribution Patterns Are Static Measures 
of a Population 750

B. Isolated Subpopulations May Evolve into New 
Species 750

 37.2 Births and Deaths Help Determine Population 
Size 752

A. Births Add Individuals to a Population 752
B. Survivorship Curves Show the Probability of Dying 

at a Given Age 753

 37.3 Population Growth May Be Exponential or 
Logistic 754

A. Growth Is Exponential When Resources Are 
Unlimited 754
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B. Population Growth Eventually Slows 755
C. Many Conditions Limit Population Size 757

 37.4 Natural Selection Influences Life Histories 758

A. Organisms Balance Reproduction Against Other 
Requirements 758

B. Opportunistic and Equilibrium Life Histories Reflect 
the Trade-Off Between Quantity and Quality 758

 37.5 The Human Population Continues to Grow 759

A. Birth and Death Rates Vary Worldwide 759
B. The Ecological Footprint Is an Estimate 

of Resource Use 761

 37.6 Investigating Life: A Toxic Compromise 763

 38 | Communities and Ecosystems 766
 38.1 Multiple Species Interact in Communities 768

A. Many Species Compete for the Same Resources 768
B. Symbiotic Interactions Can Benefit or Harm a 

Species 769
C. Herbivory and Predation Link Species in Feeding 

Relationships 770
D. Closely Interacting Species May Coevolve 771

 38.2 Succession Is a Gradual Change in a Community 772

 38.3 Ecosystems Require Continuous Energy Input 774

A. Food Webs Depict the Transfer of Energy and 
Atoms 774

B. A Keystone Species Has a Pivotal Role in the 
Community 776

C. Every Trophic Level Loses Energy 776
D. Harmful Chemicals May Accumulate in the Highest 

Trophic Levels 777

 38.4 Chemicals Cycle Within Ecosystems 778

A. Water Circulates Between the Land and the 
Atmosphere 778

B. Autotrophs Obtain Carbon as CO2 780
C. The Nitrogen Cycle Relies on Bacteria 781
D. Erosion of Rocks Releases Phosphorus to 

Organisms 782
E. Excess Nitrogen and Phosphorus Pose Problems in 

Water 782
F. Terrestrial and Aquatic Ecosystems Are Linked in 

Surprising Ways 783

 38.5 Investigating Life: Two Kingdoms and a Virus Team Up 
to Beat the Heat 784

 39 | Biomes 788
 39.1 The Physical Environment Determines Where Life 

Exists 790

 39.2 Earth Has Diverse Climates 792

 39.3 Terrestrial Biomes Range from the Lush Tropics to the 
Frozen Poles 794

A. Towering Trees Dominate the Forests 795
B. Grasslands Occur in Tropical and Temperate 

Regions 796

C. Whether Hot or Cold, All Deserts Are Dry 797
D. Fire- and Drought-Adapted Plants Dominate 

Mediterranean Shrublands (Chaparral) 798
E. Tundras Occupy High Latitudes and High 

Elevations 799
F. The Polar Ice Caps House Cold-Adapted Species 799

 39.4 Freshwater Biomes Include Lakes, Ponds, and 
Streams 800

A. Lakes and Ponds Contain Standing Water 800
B. Streams Carry Running Water 801

 39.5 Oceans Make Up Earth’s Largest Ecosystem 802

A. Land Meets Sea at the Coast 802
B. The Open Ocean Remains Mysterious 803

 39.6 Investigating Life: There’s No Place Like Home 804

 40 | Preserving Biodiversity 808
 40.1 Earth’s Biodiversity Is Dwindling 810

 40.2 Habitat Destruction Crowds Out Other Species 811

 40.3 Pollution Degrades Habitats 813

A. Water Pollution Threatens Aquatic Life 813
B. Air Pollution Causes Many Types of Damage 814

 40.4 Global Climate Change Alters and Shifts Habitats 816

A. Greenhouse Gases Warm Earth’s Surface 816
B. Global Climate Change Has Severe 

Consequences 817

 40.5 Exotic Invaders and Overexploitation Devastate 
Many Species 818

A. Invasive Species Displace Native Organisms 818
B. Overexploitation Can Drive Species to Extinction 819

 40.6 Some Biodiversity May Be Recoverable 820

A. Protecting and Restoring Habitat Saves Many Species 
at Once 820

B. Some Conservation Tools Target Individual 
Species 820

C. Conserving Biodiversity Involves Scientists and 
Ordinary Citizens 821

 40.7 Investigating Life: Up, Up, and Away 822
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Stingray Squadron. Golden cownose rays cruise coastal waters near Santa Cruz Island, one of the Galápagos Islands off the coast of Ecuador. 
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UNIT 1

Learn How to Learn
real Learning takes time

You got good at basketball, running, dancing, art, music, or video 
games by putting in lots of practice. Likewise, you will need to 
commit time to your biology course if you hope to do well. To get 
started, look for the “Learn How to Learn” tip in each chapter of 
this textbook. Each hint is designed to help you use your study 
time productively.

L e a r n i n g  o u t L i n e
 1.1 What Is Life?

A. Life Is Organized
B. Life Requires Energy
C. Life Maintains Internal Constancy
D. Life Reproduces Itself, Grows, and Develops
E. Life Evolves

 1.2 The Tree of Life Includes Three Main Branches

 1.3 Scientists Study the Natural World
A. The Scientific Method Has Multiple Interrelated Parts
B. An Experimental Design Is a Careful Plan
C. Theories Are Comprehensive Explanations
D. Scientific Inquiry Has Limitations
E. Biology Continues to Advance

 1.4 Investigating Life: The Orchid and the Moth 

Life Is Everywhere
Welcome to biology, the scientific study of 
life. Living organisms surround us. You are alive, and so are 

your friends, your pets, and the plants in your home and yard. 

Bacteria thrive on and in your body. Any food you ate today was 

(until recently, anyway) alive. And the news is full of biology-

related discoveries about fossils, new cancer treatments, genet-

ics, global climate change, and the environment.

Stories such as these enjoy frequent media coverage because 

this is an exciting time to study biology. Not only is the field 

changing rapidly, but its new discoveries and applications might 

change your life. DNA technology has brought us genetically 

engineered bacteria that can manufacture life-saving drugs—and 

genetically engineered plants that produce their own pesticides. 

This same technology may one day enable physicians to rou-

tinely cure hemophilia, cystic fibrosis, and other genetic diseases 

by replacing faulty DNA with a functional “patch.”

Biology also includes the study of nonhuman life. We exist 

only because of our interactions with other species, which pro-

vide food, oxygen, clean water, clothing, shelter, and other neces-

sities. Even species that do not directly “serve” us are essential to 

the ecosystems that sustain all life. Human activities, however, 

are pushing many ecosystems dangerously out of balance.

Consider the stingrays pictured on the facing page. These 

oddly shaped fish consume shellfish in shallow coastal waters. In 

waters near Ecuador’s Galápagos Islands, overfishing and habitat 

destruction are causing stingray populations to decline. But the 

opposite problem affects the east coast of the United States. 

There, other stingray species are exploding as sharks—their nat-

ural predators—disappear. Schools of hungry rays devastate oys-

ter beds and crab fisheries, with far-reaching consequences not 

only to coastal ecosystems but also to the economy.

The list of biology-related topics goes on and on: global cli-

mate change, stem cell therapies, infectious disease, improved 

crop plants, synthetic life, infertility treatment, endangered spe-

cies, DNA fingerprinting, biofuels, pollution, the history of life, 

and more. This book will bring you a taste of what we know 

about life and help you make sense of the science-related news 

you see every day. Chapter 1 begins your journey by introducing 

the scope of biology and explaining how science teaches us what 

we know about life.

3
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together to form molecules. These molecules are often grouped 
into  organelles, which are compartments that carry out special-
ized functions in cells (note that not all cells contain organelles). 
Many organisms consist of single cells. In multicellular organ-
isms (such as the tree illustrated in figure 1.2), however, the cells 
are organized into specialized tissues that make up organs. Mul-
tiple organs are linked into an individual’s organ systems. 

We have now reached the level of the organism, which may 
consist of just one cell or of many cells organized into tissues, 
organs, and organ systems. Organization in the living world 
extends beyond the level of the individual organism as well. A 
 population includes members of the same species occupying the 
same place at the same time. A community includes the popula-
tions of different species in a region, and an ecosystem includes 
both the living and nonliving components of an area. Finally, the 
biosphere refers to all parts of the planet that can support life.

Biological organization is apparent in all life. Humans, eels, 
and evergreens, although outwardly very different, are all orga-
nized into specialized cells, tissues, organs, and organ systems. 

1.1 What Is Life?
Biology is the scientific study of life. The second half of this 
chapter explores the meaning of the term scientific, but first we 
will consider the question, “What is life?” We all have an intui-
tive sense of what life is. If we see a rabbit on a rock, we know 
that the rabbit is alive and the rock is not. But it is difficult to state 
just what makes the rabbit alive. Likewise, in the instant after an 
individual dies, we may wonder what invisible essence has trans-
formed the living into the dead.

One way to define life is to list its basic components. The 
cell is the basic unit of life; every organism, or living individual, 
consists of one or more cells. Every cell has an outer membrane 
that separates it from its surroundings. This membrane encloses 
the water and other chemicals that carry out the cell’s functions. 
One of those biochemicals, deoxyribonucleic acid (DNA), is the 
informational molecule of life (figure 1.1). Cells use genetic 
instructions—as encoded in DNA—to produce proteins, which 
enable cells to carry out specialized functions in tissues, organs, 
and organ systems. 

A list of life’s biochemicals, however, provides an unsatisfy-
ing definition of life. After all, placing DNA, water, proteins, and 
a membrane in a test tube does not create artificial life. And a 
crushed insect still contains all of the biochemicals that it had 
immediately before it died.

In the absence of a concise definition, scientists have settled 
on five qualities that, in combination, constitute life (table 1.1). 
An organism is a collection of structures that function together 
and exhibit all of these qualities. Note, however, that each of the 
traits listed in table 1.1 may also occur in nonliving objects. A 
rock crystal is highly organized, but it is not alive. A fork placed 
in a pot of boiling water absorbs heat energy and passes it to the 
hand that grabs it, but this does not make the fork alive. A fire can 
“reproduce” and grow very rapidly, but it lacks most of the other 
characteristics of life. It is the combination of these five charac-
teristics that makes life unique.

A. Life Is Organized
Just as the city where you live belongs to a county, state, and 
nation, living matter also consists of parts organized in a hierar-
chical pattern (figure 1.2). At the smallest scale, all living struc-
tures are composed of particles called atoms, which bond 

Figure 1.1 Informational Molecule of Life. All cells contain DNA, a 
series of “recipes” for proteins that each cell can make.

T a b l e  1.1  Characteristics of Life: A Summary

Characteristic example
Organization Atoms make up molecules, which make up cells, which make up tissues, and so on.

Energy use A kitten uses the energy from its mother’s milk to fuel its own growth.

Maintenance of internal constancy Your kidneys regulate your body’s water balance by adjusting the concentration of your urine.

Reproduction, growth, and 
development

An acorn germinates, develops into an oak seedling, and, at maturity, reproduces sexually to produce its 
own acorns.

Evolution  Increasing numbers of bacteria survive treatment with antibiotic drugs.

Tutorial 
Organization  
of Life
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ORGANELLE 
A membrane-bounded
structure that has a specific
function within a cell.
Example: Chloroplast

ORGAN SYSTEM
Organs connected
physically or chemically
that function together.
(Multicellular life only.)
Example: Aboveground
part of a plant

ORGAN
A structure consisting
of tissues organized to
interact and carry
out specific functions.
(Multicellular life only.)
Example: Leaf

TISSUE 
A collection of specialized cells 
that function in a coordinated 
fashion. (Multicellular life only.)
Example: Epidermis of leaf

CELL 
The fundamental
unit of life. Multicellular
organisms consist of many 
cells; unicellular organisms 
consist of one cell.
Example: Leaf cell

MOLECULE
A group of joined atoms.
Example: DNA

ATOM 
The smallest chemical
unit of a type of pure
substance (element).
Example: Carbon atom

BIOSPHERE 
The global ecosystem;
the parts of the planet
and its atmosphere
where life is possible.

ECOSYSTEM 
The living and nonliving
components of an area.
Example: The savanna

COMMUNITY  
All populations that occupy
the same region.
Example: All populations
in a savanna

POPULATION 
A group of the same species of organism
living in the same place and time.
Example: Multiple acacia trees

ORGANISM 
A single living individual.
Example: One acacia tree

Figure 1.2 Life’s Organizational Hierarchy. This diagram applies life’s organizational hierarchy to a multicellular organism (an acacia tree). At the smallest 
level, atoms are arranged into molecules, which form organelles in the plant’s cells. Multiple cells are organized into tissues, which make up organs and, in turn, 
organ systems. A population consists of individuals of the same species, and communities are multiple populations sharing the same space. Communities 
interact with the nonliving environment to form ecosystems, and the biosphere consists of all places on Earth where life occurs.

CHaPTeR 1  The Scientific Study of Life  5
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Single-celled bacteria, although less complex than animals or 
plants, still contain DNA, proteins, and other molecules that 
interact in highly organized ways.

An organism, however, is more than a collection of succes-
sively smaller parts. When those components interact, they create 
new,  complex functions called emergent properties (figure 1.3). 
These characteristics arise from physical and chemical interac-
tions among a system’s components, much as flour, sugar, butter, 
and chocolate can become brownies—something not evident 
from the parts themselves. For an emergent property, the whole is 
greater than the sum of the parts.

Emergent properties explain why structural organization is 
closely tied to function. Disrupt a structure, and its function 
ceases. Shaking a fertilized hen’s egg, for instance, disturbs crit-
ical interactions and stops the embryo from developing. Like-
wise, if a function is interrupted, the corresponding structure 
eventually breaks down, much as unused muscles begin to waste 
away. Biological function and form are interdependent.

B. Life Requires Energy
Inside each living cell, countless chemical reactions sustain life. 
These reactions, collectively called metabolism, allow organ-
isms to acquire and use energy and nutrients to build new struc-
tures, repair old ones, and reproduce. 

Biologists divide organisms into broad categories, based on 
their source of energy and raw materials (figure 1.4). Producers, 
also called autotrophs, make their own food by extracting energy 

and nutrients from nonliving sources. The most familiar produc-
ers are the plants and microbes that capture light energy from the 
sun, but some bacteria can derive chemical energy from rocks. 
Consumers, in contrast, obtain energy and nutrients by eating 
other organisms, living or dead; consumers are also called het-
erotrophs. You are a consumer, relying on energy and atoms from 
food to stay alive. Decomposers are heterotrophs that obtain 
energy and nutrients from wastes or dead organisms. These 
organisms, which include fungi and some bacteria, recycle nutri-
ents to the nonliving environment.

Within an ecosystem, organisms are linked into elaborate 
food webs, beginning with producers and continuing through 
several levels of consumers (including decomposers). Although 
atoms are continuously recycled, energy is not; instead, energy is 
lost as heat at every step (see figure 1.4). Because no organism 
can use heat as an energy source, it represents a permanent loss 
from the cycle of life. All ecosystems therefore depend on a con-
tinuous stream of energy from an outside source, usually the sun.

C. Life Maintains Internal Constancy
An important characteristic of life is the ability to sense and react 
to stimuli. The conditions inside cells must remain within a con-
stant range, even if the surrounding environment changes. For 

Figure 1.3 
An Emergent 
Property—From 
Tiles to a Tube. 
Endothelial cells look 
like tiles that stick 
together to form a 
sheet. This sheet folds 
to form a capillary  
(a tiny blood vessel). 
The blood-carrying 
function does not 
“emerge” until the cells 
interact in a specific 
way. 

Figure 1.4 Life Is Connected. All organisms extract energy and 
nutrients from the nonliving environment or from other organisms. 
Decomposers recycle nutrients back to the nonliving environment. At every 
stage along the way, heat is lost to the system.

6	 UniT One Science, Chemistry, and Cells
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population. Genetic diversity, in turn, enhances the chance that 
some individuals will survive even if conditions change. Sexual 
reproduction is therefore a very successful strategy, especially 
in an environment where conditions change frequently; it is 
extremely common among plants and animals (figure 1.6b). 

If each offspring is to reproduce, it must grow and develop 
to adulthood. Each young swan in figure 1.6b, for example, 
started as a single fertilized egg cell. That cell divided over  
and over, developing into an embryo. Continued cell division 
and specialization yielded the newly hatched swans, which will 
eventually  mature into adults that can also reproduce—just like 
their parents.

E. Life Evolves
One of the most intriguing questions in biology is how organisms 
become so well-suited to their environments. A beaver’s enor-
mous front teeth, which never stop growing, are ideal for gnaw-
ing wood. Tubular flowers have exactly the right shapes for the 
beaks of their hummingbird pollinators. Some organisms have 
color patterns that enable them to fade into the background 
( figure 1.7). 

Figure 1.6 Asexual and Sexual Reproduction. (a) Identical 
plantlets develop along the runners of a wild strawberry plant. (b) Two 
swans protect their offspring, the products of sexual reproduction.

example, a living cell must maintain a certain temperature—not 
too high and not too low. The cell must also take in nutrients, 
excrete wastes, and regulate its many chemical reactions to pre-
vent a shortage or surplus of essential substances. Homeostasis 
is the process by which a cell or organism maintains this state of 
internal constancy, or equilibrium.

Your body, for example, has several mechanisms that main-
tain your internal temperature at about 37°C (figure 1.5). When 
you go outside on a cold day, you may begin to shiver; heat from 
these muscle movements warms the body. In severe cold, your 
lips and fingertips may turn blue as your circulatory system 
diverts blood away from your body’s surface. Conversely, on a 
hot day, sweat evaporating from your skin helps cool your body.

D. Life Reproduces Itself, Grows, 
and Develops

Organisms reproduce, making other individuals that are similar 
to themselves (figure 1.6). Reproduction transmits DNA from 
generation to generation; this genetic information defines the 
inherited characteristics of the offspring. 

Reproduction occurs in two basic ways: asexually and sexu-
ally. In asexual reproduction, genetic information comes from 
only one parent, and all offspring are virtually identical. One-
celled organisms such as bacteria reproduce asexually by dou-
bling and then dividing the contents of the cell. Many multicellular 
organisms also reproduce asexually. For example, a strawberry 
plant’s “runners” sprout roots and leaves, forming new plantlets 
identical to the parent (figure 1.6a). The green, white, or black 
powder on moldy bread or cheese is made of the countless asex-
ual spores of fungi. Some animals, including sponges, reproduce 
asexually when a fragment of the  parent animal detaches and 
develops into a new individual.

In sexual reproduction, genetic material from two parent 
individuals unites to form an offspring, which has a new combi-
nation of inherited traits. By mixing genes at each generation, 
sexual reproduction results in tremendous diversity in a 

Figure 1.7 Hiding in 
Plain Sight. This pygmy 
seahorse is barely visible 
in its coral habitat, thanks 
to its unique body shape, 
skin color, and texture.

Figure 1.5 Temperature Homeostasis. (a) Shivering and 
(b) sweating are responses that maintain body temperature within 
an optimal range.

Video 
Natural Selection
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These examples, and countless others, illustrate adapta-
tions. An  adaptation is an inherited characteristic or behavior 
that enables an organism to survive and reproduce successfully 
in its environment.

Where do these adaptive traits come from? The answer lies 
in natural selection. The simplest way to think of natural selec-
tion is to consider two facts. First, resources such as food and 
habitat are limited, so populations produce many more off-
spring than will survive to reproduce. A single mature oak tree 
may release thousands of acorns in one season, but only a few 
are likely to germinate, develop, and reproduce. The rest die. 
Second, no organism is exactly the same as any other. Genetic 
mutations—changes in an organism’s DNA sequence— 
generate variability in all organisms, even those that reproduce 
asexually.

Of all the offspring in a population, 
which will survive long enough to repro-
duce? The answer is those with the best 
adaptations to the current environment; poorly adapted organ-
isms are most likely to die before reproducing. Natural 
 selection, then, is a process in which individuals with certain 
inherited characteristics contribute more offspring to the next 
generation than do individuals lacking those characteristics 
(figure 1.8). That is, individuals with the best gene combina-
tions survive and reproduce, while those with less suitable 
characteristics fail to do so. Over many generations, individu-
als with adaptive traits make up most or all of the population. 

But the environment is constantly changing. Continents 
shift, sea levels rise and fall, climates warm and cool. What hap-
pens to a population when the selective forces that drive natural 
selection change? Only some organisms survive: those with the 
“best” traits in the new environment. Features that may once 

Figure 1.8 Natural Selection. (a) Staphylococcus aureus is a bacterium that causes skin infections. (b) By chance, an 
S. aureus cell undergoes a random genetic mutation. If the population is subsequently exposed to an antibiotic, the drug kills 
most of the unmutated cells. The mutated cell, however, is unaffected and can reproduce. After many generations of exposure 
to the antibiotic, the mutation is common.

have been rare become more common as the reproductive 
 success of individuals with those traits improves. Notice, how-
ever, that this outcome depends on variability within the popula-
tion. If no individual can reproduce in the new environment, the 
species may go extinct.

Natural selection is one mechanism of evolution, which 
is a change in the genetic makeup of a population over multi-
ple generations. Although evolution can also occur in other 
ways, natural selection is the mechanism that selects for adap-
tations. Charles Darwin became famous in the 1860s after the 
publication of his book On the Origin of Species by Means of 
Natural  Selection, which introduced the theory of evolution 
by natural  selection; another naturalist, Alfred Russel Wal-
lace, independently developed the same idea at around the 
same time.

Evolution is the single most powerful idea in biology. As 
unit 3 describes in detail, evolution has been operating since life 
began, and it explains the current diversity of life. In fact, the 
similarities among existing organisms strongly suggest that all 
species descend from a common ancestor. Evolution has molded 
the life that has populated the planet since the first cells formed 
almost 4 billion years ago, and it continues to act today.

1.1 MASTERING CONCEPTS
 1. Does any nonliving object possess all of the characteristics 

of life? Explain your answer.
 2. List the levels of life’s organizational hierarchy from smallest 

to largest, starting with atoms and ending with the 
biosphere.

 3. If evolution requires genetic variation, can populations of 
asexually reproducing organisms evolve? Explain.

Tutorial 
Variation and  
Natural Selection
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1.2 The Tree of Life Includes 
Three Main Branches

Biologists have been studying life for centuries, documenting the 
existence of everything from bacteria to blue whales. An enduring 
problem has been how to organize the ever-growing list of known 
organisms into meaningful categories. Taxonomy is the biological 
science of naming and classifying organisms. 

The basic unit of classification is the species, which desig-
nates a distinctive “type” of organism. Closely related species  
are grouped into the same genus. Together, the genus and a spe-
cific descriptor denote the unique, two-word scientific name of 
each species. A human, for example, is Homo sapiens. (Note that 
scientific names are always italicized and that the genus is capi-
talized, but the specific descriptor is not). Scientific names help 
taxonomists and other biologists communicate with one another.

Taxonomists also strive to classify organisms according to 
what we know about evolutionary relationships; that is, how 
recently one type of organism shared an ancestor with another type 
of organism. The more recently they diverged from a shared ances-
tor, the more closely related the two types of organisms are. 
 Researchers infer these relationships by comparing anatomical, 
behavioral, cellular, genetic, and biochemical characteristics. 

Section 14.6 describes the taxonomic hierarchy in more 
 detail. For now, it is enough to know that genetic evidence sug-
gests that all species fall into one of three domains, the broadest 

(most inclusive) taxonomic category. Figure 1.9 depicts the 
three domains: Bacteria, Archaea, and Eukarya. Species in 
domains Bacteria and Archaea are superficially similar to one 
another; all are prokaryotes, meaning that their DNA is free in 
the cell and not confined to an organelle called a nucleus. Major 
differences in DNA sequences separate these two domains from 
each other. Domain Eukarya, on the other hand,  contains all 
species of eukaryotes, which are unicellular or multicellular 
organisms whose cells contain a nucleus. 

The species in each domain are further subdivided into 
 kingdoms; figure 1.9 shows the kingdoms within domain 
Eukarya. Three of these kingdoms—Animalia, Fungi, and Plan-
tae—are  familiar to most people. Within each one, organisms 
share the same general strategy for acquiring energy. For exam-
ple, plants are autotrophs. Fungi and animals are consumers, 
although they differ in the details of how they obtain food. But 
the fourth group of eukaryotes, the Protista, contains a huge col-
lection of unrelated species. Protista is a convenient but artificial 
“none of the above” category for the many species of eukaryotes 
that are not plants, fungi, or animals.

 1.2 MASTERING CONCEPTS
 1. What are the goals of taxonomy? 
 2. How are domains related to kingdoms?
 3. List and describe the four main groups of eukaryotes.

Figure 1.9 Life’s Diversity. The three domains of life (Bacteria, Archaea, and Eukarya) arose from a hypothetical common ancestor, shown at the base of 
the evolutionary tree. Just as a tree trunk produces numerous branches and twigs, the first cells eventually diversified into many unique types of organisms.
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