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Preface

This edition of Biology: The Unity and Diversity of Life includes a
wealth of new information reflecting recent discoveries in biol-
ogy (details can be found in the Power Bibliography, which lists
journal articles and other references used in the revision process;
available upon request). Descriptions of current research, along
with photos and videos of scientists who carry it out, under-
score the concept that science is an ongoing endeavor carried
out by a diverse community of people. Discussions include not
only what was discovered, but also how the discoveries were
made, how our understanding has changed over time, and
what remains to be discovered. These discussions are provided
in the context of a thorough, accessible introduction to well-
established concepts and principles that underpin modern biol-
ogy. Every topic is examined from an evolutionary perspective,
emphasizing the connections between all forms of life.

Throughout the book, text and art have been revised to help
students grasp difficult concepts. This edition also continues to
focus on real world applications pertaining to the field of biol-
ogy, including social issues arising from new research and devel-
opments. This edition covers in detail the many ways in which
human activities are continuing to alter the environment and
threaten both human health and Earth’s biodiversity.

Changes to this Edition
Here are a few highlights of the revisions to this edition.

1 Invitation to Biology Renewed and updated emphasis on
the relevance of new species discovery and the process of science.

2 Life’s Chemical Basis New graphics illustrate elements
and radioactive decay.

3 Molecules of Life New figure illustrates protein domains.

4 Cell Structure and Function New table summarizing
cell theory; new photos of prokaryotes. Comparison of micros-
copy techniques updated using Paramecium. New figure shows
food vacuoles in Nassula.

5 Ground Rules of Metabolism Temperature-dependent
enzyme activity now illustrated with polymerases. New art and
photos illustrate coenzymes, adhesion proteins, membrane traf-
ficking, and energy transfer in redox reactions.

6 Where It Starts—Photosynthesis New photos illus-
trate phycobilins, stomata, adaptations of C4 plants, ice core sam-
pling, smog in China. Light-dependent reactions art simplified.

7 How Cells Release Chemical Energy New photos
illustrate mitochondrial disease and aerobic respiration.

8 DNA Structure and Function Concepts and illustra-
tions of DNA hybridization and primers added to replication sec-
tion. New photo of mutations caused by radiation at Chernobyl;
new illustration of mutation.

9 From DNA to Protein Expanded material on the effects
of mutation includes discussion of hairlessness in cats and a new
micrograph of a sickled blood cell.

10 Gene Control New photos show transcription factors,
X chromosome inactivation; new material explains evolution of
lactose tolerance. New critical thinking question requires under-
standing of the effects of floral identity gene mutations.

11 How Cells Reproduce New photos illustrate mitosis,
the mitotic spindle, and telomeres.

12 Meiosis and Sexual Reproduction New material
on asexuality in mud snails and bdelloid rotifers. New micro-
graph shows multiple crossovers.

13 Observing Patterns in Inherited Traits New mate-
rial about environmental effects on hemoglobin gene expression
in Daphnia. New photos illustrate continuous variation.

14 Chromosomes and Human Inheritance Material
on Tay-Sachs has been moved to this chapter as an illustration of
autosomal recessive inheritance.

15 Studying and Manipulating Genomes Coverage of
personal genetic testing updated with new medical applications,
including the social impact of Angelina Jolie’s response to her
test. New photos of genetically modified animals. New “who’s
the daddy” critical thinking question offers students an opportu-
nity to analyze a paternity test based on SNPs.

16 Evidence of Evolution New MRI showing coccyx
illustrates a vestigial structure. Photos of 19th century natural-
ists added to emphasize the process of science that led to natural
selection theory. Expanded coverage of fossil formation includes
how banded iron formations provide evidence of the evolution
of photosynthesis.

17 Processes of Evolution New opening essay on
resistance to antibiotics as an outcome of agricultural overuse
(warfarin material moved to illustrate directional selection).
New art illustrates founder effect, and hypothetical example in
text replaced with reduced diversity of ABO alleles in Native
Americans. New art illustrates stasis in coelacanths.

18 Organizing Information About Species

New material on DNA barcoding added to biochemical compari-
sons section. Data analysis activity revised to incorporate new
data on honeycreeper ancestry.

19 Life’s Origin and Early Evolution Added material
about new discovery of 3.4-billion-year old fossil bacteria. New
graphic illustrates endosymbiotic origin of mitochondria and
chloroplasts.

20 Viruses, Bacteria, and Archaea Added informa-
tion about Ebola and West Nile viruses, and newly discovered
giant viruses.

21 Protists—The Simplest Eukaryotes New graphic
depicts primary and secondary endosymbiosis. Added informa-
tion about diatoms as a source of oil.

22 The Land Plants New essay about seed banks and the
importance of sustain plant biodiversity.

23 Fungi More extensive coverage of fungal ecology; added
information about white nose syndrome, a fungal disease of bats.
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24 Animal Evolution—Invertebrates Updated informa-
tion of medicines from invertebrates. New photos of terrestrial
flatworm, plant-infecting roundworm.

25 Animal Evolution—Vertebrates Improved discus-
sion of transition to land, with new illustration. Reorganized
coverage of mammal evolution and diversity.

26 Human Evolution Updated to include latest discoveries
about Australopithecus sediba, Denisovans, and Neanderthals.

27 Plant Tissues Carbon sequestration essay revised to
include new data on wood production by old-growth redwoods.
Reorganized to consolidate primary growth into its own sec-
tion. Many new photos illustrate stem, leaf, and root structure.
Material on fire scars added to section on dendroclimatology.

28 Plant Nutrition and Transport Illustration of
Casparian strip integrated with new micrograph. Revisited sec-
tion discusses phytoremediation at Ford’s Rouge Center.

29 Life Cycles of Flowering Plants Updated material
reflects current research on bee pollination behavior and colony
collapse. New photos illustrate pollinators, fruit classification,
asexual reproduction.

30 Communication Strategies in Plants Updates re-

flect ongoing major breakthroughs in the field of plant hormone
function. New photos show apical dominance, effect of gibberel-
lin, and abscission.

31 Animal Tissues and Organ Systems Added infor-
mation about tissue regeneration in nonhuman animals; updated
information about use of human and embryonic stem cells.
Added information about blubber as a specialized adipose tissue.

32 Neural Control New opening essay about the effects of
concussion on the brain. Reorganized coverage of psychoactive
drugs. Added information about epidural anesthesia. Updated,
improved coverage of memory.

33 Sensory Perception New opening essay about cochle-
ar implants; revisited section discusses retinal implants, artificial
limbs. Updated information about human sense of taste.

34 Endocrine Control Updated discussion of endocrine
disruptors. New examples of pituitary gigantisms, dwarfism.
Added information about role of melatonin in seasonal coat color
changes.

35 Structural Support and Movement Added infor-
mation about myostatin polymorphism in race horses to open-
ing essay. New section discusses principles of animal location.
Added information about boneless muscular organs such as the
tongue.

36 Circulation More extensive coverage of plasma compo-
nents. Discussion of genetics of blood types deleted. Improved

coverage of and illustration of capillary exchange. Added infor-
mation about blood pressure and jugular vein valves in giraffes.

37 Immunity Updated material on HIV/AIDS treatment
strategies. New photos show T cell/APC interaction, skin as a

surface barrier, a cytotoxic T cell killing a cancer cell, contact
allergy, and victims of HIV.

38 Respiration Improved comparison of water and air as
respiratory media with accompanying figure. Revised figure
depicting first aid for choking victims to reflect latest guidelines.
Discussion of human adaptation to high altitude now compares
mechanisms in Tibetan and Andean populations.

39 Digestion and Nutrition New graphic depicting
functional variations in animal dentition. New figure show-
ing arrangement of organs that empty into the small intestine.
Improved discussion of vitamin and mineral functions. New
MRI illustrates how abdominal fat compresses internal organs.
Added information about basal metabolic rate.

40 Maintaining the Internal Environment New sub-
section about climate-related adaptations in human populations.

41 Animal Reproductive Systems Coverage of intersex
conditions dropped. Opening essay now discusses reproductive
technology (IVF, egg banking); Revisited section discusses sperm
banks. New section discusses location of animal gonads and the
general mechanism of gamete formation. Reproductive function
of human females now discussed before that of males; improved
figure depicting the ovarian cycle.

42 Animal Development New opening essay about
human birth defects, with a focus on cleft lip and palate.
Improved photos illustrating apoptosis in digit development.
Reorganized coverage of early human development. Added in-
formation about surgical delivery (cesarean section).

43 Animal Behavior Opening essay about effects of noise
pollution on animal communication moved here and updated to
reflect recent research. Revised discussion of the possible benefits
of grouping.

44 Population Ecology Improved presentation of effects
of predation on guppy life history. Revised, updated graphics.

45 Community Ecology Added information about and a
photo of a brood parasite of ants. Added photo of the keystone
species Pisaster.

46 Ecosystems More extensive discussion of aquifer deple-
tion, salination; added information about ecological effects of
over-allocation of river water. Updated discussion of the rise in
atmospheric CO,.

47 The Biosphere New opening essay about how winds
and ocean currents distributed and are distributing material
from the 2011 earthquake and tidal wave that affected Japan.
Discussion of El Nino now a subsection within the chapter.

48 Human Impacts on the Biosphere New graph-
ics of extinct animals: mastadon and dodo. Added information
about and photo of endangered Florida lichen; added informa-
tion about the Great Pacific Garbage Patch. Updated coverage of
ozone depletion and effects of global climate change.
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Student and Instructor Resources

Cengage Learning Testing Powered by Cognero
is a flexible, online system that allows you to:

e author, edit, and manage test bank content from multiple
Cengage Learning solutions

e create multiple test versions in an instant

e deliver tests from your LMS, your classroom or wherever
you want

Instructor Companion Site Everything you need

for your course in one place! This collection of book-specific
lecture and class tools is available online via www.cengage.com/
login. Access and download PowerPoint presentations, images,
instructor’s manual, videos, and more

Cooperative Learning Cooperative Learning: Making
Connections in General Biology, 2nd Edition, authored by
Mimi Bres and Arnold Weisshaar, is a collection of separate,
ready-to-use, short cooperative activities that have broad
application for first year biology courses. They fit perfectly
with any style of instruction, whether in large lecture halls or
flipped classrooms. The activities are designed to address a
range of learning objectives such as reinforcing basic concepts,
making connections between various chapters and topics, data
analysis and graphing, developing problem solving skills, and
mastering terminology. Since each activity is designed to stand
alone, this collection can be used in a variety of courses and with
any text.

MindTap A personalized, fully online digital learning
platform of authoritative content, assignments, and services
that engages students with interactivity while also offering
instructors their choice in the configuration of coursework
and enhancement of the curriculum via web-apps known as
MindApps. MindApps range from ReadSpeaker (which reads
the text out loud to students), to Kaltura (allowing you to insert
inline video and audio into your curriculum). MindTap is well
beyond an eBook, a homework solution or digital supplement,
a resource center website, a course delivery platform, or a
Learning Management System. It is the first in a new category
—the Personal Learning Experience.

New for this edition! MindTap has an integrated Study Guide,
expanded quizzing and application activities, and an integrated
Test Bank.

Aplia for Biology The Aplia system helps students learn
key concepts via Aplia’s focused assignments and active learning
opportunities that include randomized, automatically graded
questions, exceptional text/art integration, and immediate
feedback. Aplia has a full course management system that

can be used independently or in conjunction with other course
management systems such as MindTap, D2L, or Blackboard.

Acknowledgments

Writing, revising, and illustrating a biology textbook is a
major undertaking for two full-time authors, but our efforts
constitute only a small part of what is required to produce
and distribute this one. We are truly fortunate to be part of a
huge team of very talented people who are as committed as
we are to creating and disseminating an exceptional science
education product.

Biology is not dogma; paradigm shifts are a common
outcome of the fantastic amount of research in the field.
Ideas about what material should be taught and how best
to present that material to students changes even from one
year to the next. It is only with the ongoing input of our
many academic reviewers and advisors (see opposite page)
that we can continue to tailor this book to the needs of
instructors and students while integrating new information
and models. We continue to learn from and be inspired by
these dedicated educators. A special thanks goes to Jose
Panero for his extensive and detailed review for this edition.

On the production side of our team, the indispensable Grace
Davidson orchestrated a continuous flow of files, photos,
and illustrations while managing schedules, budgets, and
whatever else happened to be on fire at the time. Grace,
thank you as always for your patience and dedication.
Thank you also to Cheryl DuBois, John Sarantakis, and
Christine Myaskovsky for your help with photoresearch.
Copyeditor Anita Hueftle and proofreader Kathy Dragolich,
your valuable suggestions kept our text clear and concise.

Yolanda Cossio, thank you for continuing to support us and
for encouraging our efforts to innovate and improve. Peggy
Williams, we are as always grateful for your enthusiastic,
thoughtful guidance, and for your many travels (and
travails) on behalf of our books.

Thanks to Hal Humphrey our Cengage Production
Manager, Tom Ziolkowski our Marketing Manager, Lauren
Oliveira who creates our exciting technology package,
Associate Content Developers Casey Lozier and Kellie
Petruzzelli, and Product Assistant Victor Luu.

Lisa Starr and Christine Evers, May 2014

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Influential Class Testers and Reviewers

Brenda Alston-Mills

North Carolina State University
Kevin Anderson

Arkansas State University - Beebe
Norris Armstrong

University of Georgia

Tasneem Ashraf

Coshise College

Dave Bachoon

Georgia College & State University
Neil R. Baker

The Ohio State University
Andrew Baldwin

Mesa Community College

David Bass

University of Central Oklahoma
Lisa Lynn Boggs

Southwestern Oklahoma State
University

Gail Breen

University of Texas at Dallas
Marguerite “Peggy” Brickman
University of Georgia

David Brooks
East Central College

David William Bryan
Cincinnati State College

Lisa Bryant

Arkansas State University - Beebe
Katherine Buhrer

Tidewater Community College
Uriel Buitrago-Suarez

Harper College

Sharon King Bullock
Virginia Commonwealth University

John Capehart
University of Houston - Downtown

Daniel Ceccoli

American InterContinental
University

Tom Clark

Indiana University South Bend
Heather Collins

Greenville Technical College
Deborah Dardis
Southeastern Louisiana University
Cynthia Lynn Dassler

The Ohio State University
Carole Davis

Kellogg Community College
Lewis E. Deaton

University of Louisiana - Lafayette
Jean Swaim DeSaix
University of North Carolina -
Chapel Hill

(Joan) Lee Edwards
Greenville Technical College
Hamid M. Elhag

Clayton State University
Patrick Enderle

East Carolina University
Daniel J. Fairbanks
Brigham Young University

Amy Fenster

Virginia Western Community
College

Kathy E. Ferrell

Greenville Technical College
Rosa Gambier

Suffok Community College -
Ammerman

Tim D. Gaskin

Cuyahoga Community College -
Metropolitan

Stephen J. Gould

Johns Hopkins University
Laine Gurley

Harper College

Marcella Hackney

Baton Rouge Community College
Gale R. Haigh

McNeese State University
John Hamilton

Gainesville State

Richard Hanke

Rose State Community College
Chris Haynes

Shelton St. Community College
Kendra M. Hill

South Dakota State University
Juliana Guillory Hinton
McNeese State University

W. Wyatt Hoback

University of Nebraska, Kearney
Kelly Hogan

University of North Carolina
Norma Hollebeke

Sinclair Community College
Robert Hunter

Trident Technical College
John Ireland

Jackson Community College
Thomas M. Justice
MclLennan College

Timothy Owen Koneval
Laredo Community College
Sherry Krayesky

University of Louisiana -
Lafayette

Dubear Kroening

University of Wisconsin - Fox
Valley

Jerome Krueger

South Dakota State University
Jim Krupa

University of Kentucky

Mary Lynn LaMantia
Golden West College

Dale Lambert

Tarrant County College

Kevin T. Lampe

Bucks County Community College
Susanne W. Lindgren
Sacramento State University
Madeline Love

New River Community College

Dr. Kevin C. McGarry
Kaiser College - Melbourne

Ashley McGee

Alamo College

Jeanne Mitchell
Truman State University

Alice J. Monroe
St. Petersburg College -
Clearwater

Brenda Moore

Truman State University
Erin L. G. Morrey

Georgia Perimeter College
Rajkumar “Raj” Nathaniel
Nicholls State University
Francine Natalie Norflus
Clayton State University
Harold Olivey

Indiana University Northwest
Alexander E. Olvido
Virginia State University
John C. Osterman
University of Nebraska, Lincoln
Jose L. Panero

University of Texas

Bob Patterson

North Carolina State University
Shelley Penrod

North Harris College

Carla Perry

Community College of Philadelphia
Mary A. (Molly) Perry
Kaiser College - Corporate
John S. Peters

College of Charleston
Carlie Phipps

SUNY IT

Michael Plotkin

Mt. San Jacinto College
Ron Porter

Penn State University
Karen Raines

Colorado State University

Larry A. Reichard

Metropolitan Community College -
Maplewood

Jill D. Reid

Virginia Commonwealth University
Robert Reinswold

University of Northern Colorado

Ashley E. Rhodes

Kansas State University

David Rintoul

Kansas State University

Darryl Ritter

Northwest Florida State College
Amy Wolf Rollins

Clayton State University

Sydha Salihu

West Virginia University

Jon W. Sandridge
University of Nebraska

Robin Searles-Adenegan
Morgan State University

Erica Sharar

IVC; National University

Julie Shepker

Kaiser College - Melbourne

Rainy Shorey

lllinois Central College

Eric Sikorski

University of South Florida
Phoebe Smith

Suffolk County Community College
Robert (Bob) Speed

Wallace Junior College

Tony Stancampiano

Oklahoma City Community College
Jon R. Stoltzfus

Michigan State University

Peter Svensson

West Valley College

Jeffrey L. Travis
University at Albany

Nels H. Troelstrup, Jr.
South Dakota State University

Allen Adair Tubbs

Troy University

Will Unsell

University of Central Oklahoma
Rani Vajravelu

University of Central Florida
Jack Waber

West Chester University of
Pennsylvania

Kathy Webb

Bucks County Community College
Amy Stinnett White

Virginia Western Community
College

Virginia White

Riverside Community College
Robert S. Whyte

California University of
Pennsylvania

Kathleen Lucy Wilsenn
University of Northern Colorado
Penni Jo Wilson

Cleveland State Community
College

Robert Wise

University of Wisconsin Oshkosh

Michael L. Womack
Macon State College

Maury Wrightson

Germanna Community College
Mark L. Wygoda

McNeese State University

Lan Xu

South Dakota State University
Poksyn (“Grace”) Yoon
Johnson and Wales University

Muriel Zimmermann
Chaffey College

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



1 Invitation to Biology

LEARNING ROADMAP

Whether or not you have studied biology, you
already have an intuitive understanding of life on
Earth because you are part of it. Every one of your
experiences with the natural world—from the warmth
of the sun on your skin to the love of your pet—
contributes to that understanding.

THE SCIENCE OF NATURE

We can understand life by studying it at many levels, starting
‘__-_‘""-" = with atoms that are components of all matter, and extending to
~ interactions of organisms with their environment.

LIFE’S UNITY

All living things require ongoing inputs of energy and raw materials;
all sense and respond to change; and all have DNA that guides
their functioning.

LIFE’S DIVERSITY

Observable characteristics vary tremendously among organisms.
Various classification systems help us keep track of the differences.

THE NATURE OF SCIENCE

Carefully designing experiments helps researchers unravel cause-
and-effect relationships in complex natural systems.

¥ 7 e i

WHAT SCIENCE IS (AND WHAT IT IS NOT)

Science addresses only testable ideas about observable events
and processes. It does not address the untestable, including
beliefs and opinions.

This book parallels nature’s levels of organization,
from atoms to the biosphere. Learning about the
structure and function of atoms and molecules
will prime you to understand how living cells work.
Learning about processes that keep a single cell alive
can help you understand how multicelled organisms
survive. Knowing what it takes for organisms to
survive can help you see why and how they interact
with one another and their environment.

o = F
@h Lhmi r&;:xtsl(c‘ | May nqt belfapied!scanned, br duplicatedsi
cmed gl M suppi umncﬁ:* S not mageriallyafiéet the overall lear

- -



1.1 The Secret Life of Earth

In this era of detailed satellite imagery and cell phone
global positioning systems, could there possibly be any
places left on Earth that humans have not yet explored?
Actually, there are plenty of them. In 2005, for example,
helicopters dropped a team of scientists into the middle
of a vast and otherwise inaccessible cloud forest atop
New Guinea’s Foja Mountains. Within a few minutes,
the explorers realized that their landing site, a drip-
ping, moss-covered swamp, had been untouched

by humans. Team member Bruce Beehler remarked,
“Everywhere we looked, we saw amazing things we
had never seen before. I was shouting. This trip was a
once-in-a-lifetime series of shouting experiences.”

How did the explorers know they had landed in
uncharted territory? For one thing, the forest was
filled with plants and animals previously unknown
even to native peoples that have long inhabited other
parts of the region. During the next month, the team
members discovered many new species, including a
rhododendron plant with flowers the size of a plate
and a frog the size of a pea. They also came across
hundreds of species that are on the brink of extinction
in other parts of the world, and some that supposedly
had been extinct for decades. The animals had never
learned to be afraid of humans, so they could easily be
approached. A few were discovered as they casually
wandered through campsites (FIGURE 1.1).

New species are discovered all the time, often in
places much more mundane than Indonesian cloud for-
ests. How do we know what species a particular organ-
ism belongs to? What is a species, anyway, and why

should discovering a new one matter to anyone other
than a scientist? You will find the answers to such
questions in this book. They are part of the scientific
study of life, biology, which is one of many ways we
humans try to make sense of the world around us.
Trying to understand the immense scope of life on
Earth gives us some perspective on where we fit into it.
For example, hundreds of new species are discovered
every year, but about 20 species become extinct every
minute in rain forests alone—and those are only the
ones we know about. The current rate of extinctions
is about 1,000 times faster than normal, and human
activities are responsible for the acceleration. At this
rate, we will never know about most of the species that
are alive on Earth today. Does that matter? Biologists
think so. Whether or not we are aware of it, humans
are intimately connected with the world around us.
Our activities are profoundly changing the entire fabric
of life on Earth. These changes are, in turn, affecting us
in ways we are only beginning to understand.
Ironically, the more we learn about the natural
world, the more we realize we have yet to learn. But
don’t take our word for it. Find out what biologists
know, and what they do not, and you will have a solid
foundation upon which to base your own opinions
about how humans fit into this world. By reading this
book, you are choosing to learn about the human con-
nection—your connection—with all life on Earth.

biology The scientific study of life.

FIGURE 1.1 Explorers found hundreds of rare species and dozens of new ones during recent survey expeditions to the Foja

Mountain cloud forest (left). Right, Paul Oliver discovered this tree frog (Litoria) perched on a sack of rice during a particularly rainy
campsite lunch. The explorers dubbed the new species “Pinocchio frog” after the Disney character because the male frog’s long nose

inflates and points upward during times of excitement.

crEDITs: (opposite) © Sergei Krupnov, www.flickr.com/photos/7969319@NO3; (1) Tim Laman/National Geographic Stock.
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1.2 Life Is More Than the Sum of Its Parts

v Biologists study life by thinking about it at different levels
of organization.

v The quality of life emerges at the level of the cell.

O Atoms

Atoms are fundamental
units of all substances,

living or not. This image
shows a model of

a single atom.

® Molecule

Atoms join other atoms in
molecules. This is a model
of a water molecule. The
molecules special to life
are much larger and more
complex than water.

O cell

The cell is the smallest
unit of life. Some, like

this plant cell, live and
reproduce as part of a
multicelled organism;
others do so on their own.

O Tissue

Organized array of cells
that interact in a collective
task. This is epidermal
tissue on the outer surface
of a flower petal.

©® Organ
Structural unit of
interacting tissues.
Flowers are the
reproductive organs
of many plants.

© Organ system

A set of interacting organs.
The shoot system of this
poppy plant includes its
aboveground parts: leaves,
flowers, and stems.

FIGURE 1.2 »Animated Levels of life’s organization.

INTRODUCTION

What, exactly, is the property we call “life”? We may
never actually come up with a good definition, because
living things are too diverse, and they consist of the
same basic components as nonliving things. When we
try to define life, we end up with a list of properties
that differentiate living from nonliving things. These
properties often emerge from the interactions of basic
components. To understand how that works, take a
look at these groups of squares:

>4
i
The property of “roundness” emerges when the
component squares are organized one way, but not
other ways. Characteristics of a system that do not
appear in any of the system’s components are called
emergent properties. The idea that structures with
emergent properties can be assembled from the same
basic building blocks is a recurring theme in our
world—and also in biology.
Life has successive levels of organization, with
new emergent properties appearing at each level
(FIGURE 1.2). This organization begins with interac-
tions between atoms, which are fundamental building
blocks of all substances @. Atoms bond together to
form molecules @ . There are no atoms unique to living
things, but there are unique molecules. In today’s natu-
ral world, only living things make the “molecules of
life,” which are lipids, proteins, DNA, RNA, and com-
plex carbohydrates. The emergent property of “life”
appears at the next level, when many molecules of life
become organized as a cell @. A cell is the smallest unit
of life. Cells survive and reproduce themselves using
energy, raw materials, and information in their DNA.
Some cells live and reproduce independently.
Others do so as part of a multicelled organism. An
organism is an individual that consists of one or more
cells. A poppy plant is an example of a multicelled
organism @ . In most multicelled organisms, cells are
organized as tissues @. A tissue consists of specific
types of cells organized in a particular pattern. The
arrangement allows the cells to collectively perform a
special function such as protection from injury (dermal
tissue) or movement (muscle tissue). An organ is an
organized array of tissues that collectively carry out

cREDITS: (2) in text, #1, #2: © Cengage Learning; #3, #4: © Umberto Salvagnin, www.flickr.com/photos/kaibara;
#5: California Poppy, © 2009, Christine M. Welter; #6: Lady Bird Johnson Wildflower Center.
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a particular task or set of tasks @. For example, a
flower is an organ of reproduction in plants; a heart, an
organ that pumps blood in animals. An organ system

is a set of organs and tissues that interact to keep the
individual’s body working properly @. Examples of
organ systems include the aboveground parts of a plant
(the shoot system), and the heart and blood vessels of
an animal (the circulatory system).

A population is a group of interbreeding individuals
of the same type, or species, living in a given area ©.
An example may be all California poppies living in
California’s Antelope Valley Poppy Reserve. At the next
level, a community consists of all populations of all spe-
cies in a given area. The Antelope Valley Reserve com-
munity includes California poppies and all other plants,
animals, microorganisms, and so on @. Communities
may be large or small, depending on the area defined.

The next level of organization is the ecosystem,
which is a community interacting with its environ-
ment @ . The most inclusive level, the biosphere,
encompasses all regions of Earth’s crust, waters, and
atmosphere in which organisms live @.

atom Fundamental building block of all matter.

biosphere All regions of Earth where organisms live.

cell Smallest unit of life.

community All populations of all species in a given area.
ecosystem A community interacting with its environment.
emergent property A characteristic of a system that does not
appear in any of the system’s component parts.

molecule Two or more atoms bonded together.

organ In multicelled organisms, a grouping of tissues engaged in a
collective task.

organism Individual that consists of one or more cells.

organ system In multicelled organisms, set of organs engaged in a
collective task that keeps the body functioning properly.
population Group of interbreeding individuals of the same species
that live in a given area.

tissue In multicelled organisms, specialized cells organized in a
pattern that allows them to perform a collective function.

TAKE-HOME MESSAGE 1.2
How do living things differ from nonliving things?

v All things, living or not, consist of the same building
blocks: atoms. Atoms join as molecules.

v In today’s natural world, only living things make lipids,
proteins, DNA, RNA, and complex carbohydrates. The
unique properties of life emerge as these molecules become
organized into cells.

v Higher levels of life’s organization include multicelled
organisms, populations, communities, ecosystems, and

the biosphere.

v/ Emergent properties occur at each successive level of
life’s organization.

© Multicelled
organism

Individual that consists
of more than one cell.
Cells of this California
poppy plant are part of
its two organ systems:
aboveground shoots and
belowground roots.

© Population

Group of single-celled

or multicelled individuals
of a species in a given
area. This population of
California poppy plants
is in California’s Antelope
Valley Poppy Reserve.

© Community

All populations of all
species in a specified
area. These plants are
part of the Antelope
Valley Poppy Reserve
community.

@ Ecosystem

A community inter-
acting with its physical
environment through

the transfer of energy
and materials. Sunlight
and water sustain the
natural community in the
Antelope Valley.

@ Biosphere

The sum of all
ecosystems: every
region of Earth’s waters,
crust, and atmosphere

in which organisms live.
No ecosystem in the
biosphere is truly isolated
from any other.

cREDITS: (2) #7: Michael Szoenyi/Science Source; #8: Exactostock/SuperStock; #9: © Sergei Krupnov,
www.flickr.com/photos/7969319@N03; #10: © Mark Koberg Photography; #11: NASA.
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1.3 How Living Things Are Alike

v Continual inputs of energy and the cycling of materials
maintain life’s complex organization.

v Organisms sense and respond to change.

v All organisms use information in the DNA they inherited from
their parent or parents to function.

@ consumer acquiring energy
and nutrients by eating a producer

© producer
acquiring energy

and nutrients from
the environment

ENERGY IN
SUNLIGHT

©® Producers harvest energy from
the environment. Some of that energy
‘ flows from producers to consumers.

plants and other self-feeding organisms

/—

/ O Nutrients that get
- incorporated into the cells
of producers and consumers
are eventually released back into
the environment (by decomposi-
tion, for example). Producers
then take up some of the
released nutrients.

© All of the energy that enters the world
of life eventually flows out of it, mainly as
heat released back to the environment.

FIGURE 1.3 »pAnimated The one-way flow of energy and
cycling of materials in the world of life.

INTRODUCTION

Even though we cannot precisely define “life,” we can
intuitively understand what it means because all living
things share a set of key features. All require ongoing
inputs of energy and raw materials; all sense and
respond to change; and all pass DNA to offspring.

Organisms Require Energy and Nutrients
Not all living things eat, but all require energy and
nutrients on an ongoing basis. Both are essential to
maintain the functioning of individual organisms and
the organization of life. A nutrient is a substance that
an organism needs for growth and survival but cannot
make for itself.

Organisms spend a lot of time acquiring energy and
nutrients (FIGURE 1.3). However, the source of energy
and the type of nutrients acquired differ among organ-
isms. These differences allow us to classify all living
things into two categories: producers and consum-
ers. Producers make their own food using energy and
simple raw materials they obtain from nonbiological
sources @. Plants are producers that use the energy of
sunlight to make sugars from water and carbon diox-
ide (a gas in air), a process called photosynthesis. By
contrast, consumers cannot make their own food. They
obtain energy and nutrients by feeding on other organ-
isms @. Animals are consumers. So are decomposers,
which feed on the wastes or remains of other organ-
isms. The leftovers from consumers’ meals end up in
the environment, where they serve as nutrients for
producers. Said another way, nutrients cycle between
producers and consumers.

Unlike nutrients, energy is not cycled. It flows
through the world of life in one direction: from the
environment @, through organisms @, and back to

consumer Organism that gets energy and nutrients by feeding on
tissues, wastes, or remains of other organisms.

development Multistep process by which the first cell of a new
multicelled organism gives rise to an adult.

DNA Deoxyribonucleic acid; carries hereditary information that guides
development and other activities.

growth In multicelled species, an increase in the number, size, and
volume of cells.

homeostasis Process in which an organism keeps its internal
conditions within tolerable ranges by sensing and responding to
change.

inheritance Transmission of DNA to offspring.

nutrient Substance that an organism needs for growth and survival
but cannot make for itself.

photosynthesis Process by which producers use light energy to
make sugars from carbon dioxide and water.

producer Organism that makes its own food using energy and
nonbiological raw materials from the environment.

reproduction Processes by which parents produce offspring.

creDITs: (3) top, © Victoria Pinder, www.flickr.com/photos/vixstarplus; bottom, © Cengage Learning.
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FIGURE 1.4 Organisms sense and respond to stimulation. This baby orangutan is
laughing in response to being tickled. Apes and humans make different sounds when being
tickled, but the airflow patterns are so similar that we can say apes really do laugh.

the environment @. This flow maintains the organiza-
tion of every living cell and body, and it also influences
how individuals interact with one another and their
environment. The energy flow is one-way, because with
each transfer, some energy escapes as heat, and cells
cannot use heat as an energy source. Thus, energy that
enters the world of life eventually leaves it (we return
to this topic in Chapter 5).

Organisms Sense and Respond to Change
An organism cannot survive for very long in a
changing environment unless it adapts to the changes.
Thus, every living thing has the ability to sense and
respond to change both inside and outside of itself
(FIGURE 1.4). For example, after you eat, the sugars
from your meal enter your bloodstream. The added
sugars set in motion a series of events that causes cells
throughout the body to take up sugar faster, so the
sugar level in your blood quickly falls. This response
keeps your blood sugar level within a certain range,
which in turn helps keep your cells alive and your
body functioning.

The fluid portion of your blood is a component of
your internal environment, which is all of the body
fluids outside of cells. That internal environment
must be kept within certain ranges of temperature
and other conditions, or the cells that make up your
body will die. By sensing and adjusting to change, you
and all other organisms keep conditions in the inter-
nal environment within a range that favors survival.

Homeostasis is the name for this
process, and it is one of the defining
features of life.

Organisms Use DNA

With little variation, the same types
of molecules perform the same
basic functions in every organism.
For example, information in an
organism’s DNA (deoxyribonucleic
acid) guides ongoing functions that
sustain the individual through its
lifetime. Such functions include
development: the process by which
the first cell of a new individual
gives rise to a multicelled adult;
growth: increases in cell number,
size, and volume; and reproduction:
processes by which individuals
produce offspring.

Individuals of every natural
population are alike in certain aspects of their body
form and behavior because their DNA is very similar:
Orangutans look like orangutans and not like caterpil-
lars because they inherited orangutan DNA, which
differs from caterpillar DNA in the information it car-
ries. Inheritance refers to the transmission of DNA to
offspring. All organisms inherit their DNA from one or
two parents.

DNA is the basis of similarities in form and function
among organisms. However, the details of DNA
molecules differ, and herein lies the source of life’s
diversity. Small variations in the details of DNA’s
structure give rise to differences among individuals,
and also among types of organisms. As you will see in
later chapters, these differences are the raw material of
evolutionary processes.

TAKE-HOME MESSAGE 1.3
How are all living things alike?

v/ A one-way flow of energy and a cycling of nutrients sus-
tain life’s organization.

v/ Organisms sense and respond to conditions inside and
outside themselves. They make adjustments that keep con-
ditions in their internal environment within a range that favors
cell survival, a process called homeostasis.

v All organisms use information in the DNA they inherited
from their parent or parents to develop, grow, and repro-
duce. DNA is the basis of similarities and differences in form
and function among organisms.

cREDIT: (4) © Dr. Marina Davila Ross, University of Portsmouth.
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1.4 How Living Things Differ

v There is great variation in the details of appearance and other
observable characteristics of living things.

Living things differ tremendously in their observable
characteristics. Various classification schemes help us
organize what we understand about the scope of this
variation, which we call Earth’s biodiversity.

For example, organisms can be grouped on the
basis of whether they have a nucleus, which is a sac
with two membranes that encloses and protects a cell’s
DNA. Bacteria (singular, bacterium) and archaea (sin-
gular, archaeon) are organisms whose DNA is not con-
tained within a nucleus. All bacteria and archaea are
single-celled, which means each organism consists of
one cell (FIGURE 1.5A,B). Collectively, these organisms
are the most diverse representatives of life. Different
kinds are producers or consumers in nearly all regions
of Earth. Some inhabit such extreme environments
as frozen desert rocks, boiling sulfurous lakes, and
nuclear reactor waste. The first cells on Earth may have
faced similarly hostile environments.

Traditionally, organisms without a nucleus have
been called prokaryotes, but this designation is now
used only informally. This is because, despite the
similar appearance of bacteria and archaea, the two
types of cells are less related to one another than we
once thought. Archaea turned out to be more closely
related to eukaryotes, which are organisms whose DNA
is contained within a nucleus. Some eukaryotes live as
individual cells; others are multicelled (FIGURE 1.5C).
Eukaryotic cells are typically larger and more complex
than bacteria or archaea.

Structurally, protists are the simplest eukaryotes, but
as a group they vary dramatically, from single-celled
consumers to giant, multicelled producers.

Fungi (singular, fungus) are eukaryotic consumers
that secrete substances to break down food externally,
then absorb nutrients released by this process. Many
fungi are decomposers. Most fungi, including those
that form mushrooms, are multicellular. Fungi that live
as single cells are called yeasts.

Plants are multicelled eukaryotes; the majority are
photosynthetic producers that live on land. Besides
feeding themselves, plants also serve as food for most
other land-based organisms.

Animals are multicelled consumers that ingest tissues
or juices of other organisms. Unlike fungi, animals
break down food inside their body. They also develop
through a series of stages that lead to the adult form.
All animals actively move about during at least part of
their lives.

INTRODUCTION

A Bacteria are the most numerous organisms on Earth.
Clockwise from upper left, a bacterium with a row of iron crystals
that acts like a tiny compass; a common resident of cat and dog
stomachs; spiral cyanobacteria; types found in dental plague.

B Archaea resemble bacteria, but are more closely related to
eukaryotes. Left, an archaeon that grows in sulfur hot springs.
Right, two types of archaea from a seafloor hydrothermal vent.

FIGURE 1.5 »Animated A few representatives of life’s diversity.

animal Multicelled consumer that develops through a series of
stages and moves about during part or all of its life.

archaea Group of single-celled organisms that lack a nucleus but
are more closely related to eukaryotes than to bacteria.

bacteria The most diverse and well-known group of single-celled
organisms that lack a nucleus.

biodiversity Scope of variation among living organisms.
eukaryote Organism whose cells characteristically have a nucleus.
fungus Single-celled or multicelled eukaryotic consumer that breaks
down material outside itself, then absorbs nutrients released from the
breakdown.

plant A multicelled, typically photosynthetic producer.

prokaryote Single-celled organism without a nucleus.

protist Member of a diverse group of simple eukaryotes.

TAKE-HOME MESSAGE 1.4
How do organisms differ from one another?

v/ Organisms differ in their details; they show tremendous
variation in observable characteristics.

v/ We divide Earth’s biodiversity into broad groups based on
traits such as having a nucleus or being multicellular.

cREDITs: (5A) top left, Dr. Richard Frankel; top right, Science Source; bottom left, www.zahnarzt-stuttgart.com;
bottom right, © Susan Barnes; (5B) left, Eye of Science/Science Source; right, © Dr. Harald Huber, Dr. Michael Hohn,
Prof. Dr. K.0. Stetter, University of Regensburg, Germany.
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Protists are a

group of extremely
diverse eukaryotes

that range from giant
multicelled seaweeds to
microscopic single cells.

Plants are multicelled
eukaryotes, most of which are
photosynthetic. Nearly all have
roots, stems, and leaves.

Fungi are eukaryotic consumers
that secrete substances to break
down food outside their body.
Most are multicelled (left), but
some are single-celled (right).

Animals are
multicelled eukaryotes
that ingest tissues

or juices of other
organisms. All actively
move about during at
least part of their life.

C Eukaryotes are single-celled or multicelled organisms whose DNA is
contained within a nucleus.

crEDITs: (5C) Protists: from left, Courtesy of Allen W. H. Bé and David A. Caron; top, M | Walker/Science Source; middle, © Carolina Biological Supply Company; CHAPTER 1
bottom, Oliver Meckes/Science Source; top, Courtesy of Allen W. H. Bé and David A. Caron; bottom, © Emiliania Huxleyi photograph, Vita Pariente, scanning INVITATION TO BIOLOGY
electron micrograph taken on a Jeol T330A instrument at Texas A&M University Electron Microscopy Center; Plants: left, © Jag.ca.Shutterstock.com; right, © Martin

Ruegner/Radium Images/Jupiter Images; Fungi, left, © Robert C. Simpson/Nature Stock; right, By London Scientific Films/Oxford Scientific/Getty Images; Animals,
from left, © Tom & Pat Leeson, Ardea London Ltd.; Thomas Eisner, Cornell University; © Martin Zimmerman, Science, 1961, 133:73-79, © AAAS,; © Pixtal/SuperStock.
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