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See Connections

New Features of the ninth edition of Campbell Biology: Concepts & Connections
provide students with a framework for understanding biological concepts and
encourage students to see connections between concepts and the world outside
of the classroom.

NEW! Unit Openers

Ml e e e - Connection and Evolution
e Connection Modules present

' - engaging examples and relate

chapter content to evolution.
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NEW! A reframed focus on Major Themes
in Biology

Throughout the Ninth Edition, the five themes introduced
in Chapter 1 are highlighted with specific references,
Examples from Unit 1 include “Ilustrating our theme of
[EEEEIEITETEY, we see that matter has been rear-

ranged, with an input of energy provided by sunlight” iy
(Madule 2.9); “The flow of genetic instruction that leads k

to gene expression; summarized as DNA — RNA — protein,
illustrates the important biological theme of [IZLL0LL"
(Module 3.15); *“The interconnections among these path-
ways provide a clear example of the theme of [T
in producing the emergent property of a balanced metab-
olism” (Module 6.15); and *The precise arrangements of
these membranes and compartments are essential to the
process of photosynthesis—a classic example of the theme
of * (Module 7.2). The theme of
evolution is featured, as it is in every chapter, inan Evolution A RBrar an P . :
Cemnection module, such as Module 4.15, Mitochondria [ —
and chloroplasts evolved by endosymbiosis,
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Build Science Literac

y Skills

H1N1 flu West Nile virus
1918
AIDS Deadliest outbreak ever; Cases documented in
1981 20-50 million dead in 18 months every U.S. state except Alaska

To date, 71 million infected
with HIV; 34 million dead

Severe acute
respiratory syndrome
2002

Major outbreak in Hong Kong;
no cases since 2004

H1N1 flu
2009
A combination ] Avian flu
of bird, swine, 1997

and human viruses Rarely occurs

Zika fever Ebola in North America
2015 1976
Transmitted by mosquitoes; Biggest outbreak from

spread via sexual contact 2014 to 2016 in West Africa

NEW! Visualizing the Data
Figures

Scientific Thinking modules
explore how scientists use the process
of science and discovery. End-of-
module questions prompt students
to think critically.

/ Exploration and
/ discovery:
Observing, asking
guestions, reading
literature

Formation and testing

of hypotheses:
Collecting and
interpreting data

-~ Feedback from
i the scientific
community: Peer- |
reviewed publications, |
replication of findings,
consensus building -

Societal benefits
and outcomes:
Solving problems,
developing new
technologies

24.11 Scientists measure antibody levels to look for waning immunity

after HPV vaccination
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Visualize Tough Topics

1.3 In life’s hierarchy of organization, new properties
emerge at each level

H H H Biologists study life across a very broad range of scales,
b”ng dynamlc VISU&lS from the molecules in a cell to the entire living planet. They
and text together to divide this vast scope of biology into a series of structural
walk students through p—

tough concepts. The

ninth edition features o oad
;

28 of these immersive e I this avial vewof
modules. Select modules o h fomst of aryove oo g
are assignable in ' . bl
MasteringBiology

as animated videos.

Ar amergant property of an
srosysten is ihe cucling of matter
Datween arganisms and the soil.
water, and af, 4

Embedded text
coaches students
through key points

and help address
common
misunderstandings.

Schoolmasler snappers
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and Develop Understanding

levels, Follow the arrows to take a visual tour down through and move upward through this figure from molecules to the
this organizational hierarchy, using a mangrove swamp in hiosphere, we find that novel properties arise at each higher
Florida as an example. level, properties that were not present at the preceding level.
Biologists aften focus their study of the natural world on Such emergent properties result from the specific arrange-
one or a few of these levels, exploring individual componeants ment and interactions of component parts. For example, the
and interactions between those components, as well as arrangement and connections of nerve cells enables
connections to other levels. Indeed, if we reverse the arrows nervous signals to travel from a fish's brain to its tail. And

movement is an emergent property arising from the interac-
tions and interconnections of a fish's nervous, muscular, and
skeletal systems.

A fish's nenvovs syslen
consiats af itz brain, spinal cord,
and nenves.

Streamlined text
and illustrations
step students
through the

Anindividual living thing. e . concept.
i ) An organ,
such ag the brain, is
camipased af sevaral
i 2 b, \\o‘fffer.:—wr:.issues/
R
6. Organs and organ systems:
Body parts that perform a specific
function. Several organs may
cooperate in an organ system,
< f
/4
Sttt i A transiiliing z-g-l!-nlus::‘es;mil ke
hereditary information are The nuclevs s an arganaile cells parforming a

properties that emerge from the
amangament of atoms in &
1 molecule of DM,

specific function.

that encloses a cell’s DA, its |
_ Genstic instructions.

"~ B.Cell:

The fundamental
structural and _
functional unit of life. |,

NEW! Topics in the ninth
edition include:

e The property of lifs
9. Organelle: . En’ﬁE."_!’,li; ;.' the level of |
A membrane-enclosed thie cell 4
| functional structure e
* inacell,

A chemical structure
consisting of twa

Which of these levels of biological organization includes all of the
others [n the list: cell, molecule, organ, tissue?

uedin m
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Encourage Focus on

Main headings allow
students to see the big

Cell Division and Reproduction

picture.

information flow is absolutely necessary for reproduction. fragmented pieces
Only people can make more people and only maple trees (Figures 8.1B and
can make more maple trees because each species carries and 8.1C). In asexual
transmits its own specific genetic information at the cellular reproduction,
A ce ntra I conce pt level. When a cell undergoes reproduction, or cell division, there is one simple
at the start of each the two “daughter” cells that result are genetically identical to principle of inher-

module helps students to

8.1 Cell division plays many important roles in the lives of organisms

The ability to transmit [[IGEIEWELE is one of the unifying
themes that encompasses all levels of biological study, Such

each other and to the original “parent” cell. (Biologists tradi-
tionally use the word daughter in this context; it does not imply

the ability to grow new
individuals from

itance: The lone
parent and each

focus on one conce pt at gender.) Before the parent cell splits into two, it duplicates of its offspring have
. its chromaosomes, the structures that contain most of the identical genes.

a time. cell's genetic information in the form of DNA. Then, during Sexual reproductionis Figure B.1B A sea star reproducing
cell division, one set of chromosomes is distributed to each different; it requires the asexually via fragmentation and
daughter cell. As a rule, the daughter cells receive identical sets fusion of gametes, egg and regeneration of the body from the

of chromosomes from the lone, original par- sperm. The production of fragmented am
ent cell. Each offspring cell will thus be gametes involves a particular
Z genetically identical to the other and type of cell division that occurs
% to the original parent cell. only in reproductive organs
= Sometimes, cell division (testes and ovaries in
?g results in the reproduction of a humans). A gamete
£ whole organism. Many has only half as many
& single-celled organ- chromosomes as the
isms, such as parent cell that gave
prokaryotes or rise to it, and these
the eukaryotic chromosomes contain
A Figure 8.14 yeast cell in unique combinations of genes,
A yeast cell producing Figure 8.1A, In contrast to aclone, offspring
a genetically identical reproduce produced by sexual reproduction
f::izt:‘;::: Py asextal by dividing in are not identical to their parents
half, and the off- or to each other (with the
spring are genetic replicas, This is an example of asexual exception of identical twins), & Figure 8.1C An African violet
1 , the creation of genetically identical offspring although they generally reproducing asexually from a cutting
Pair of hom Ologou S lent, without the participation of sperm and egg. resemble their parents more  (the 1arge leaf on the left)
. that reproduces asexually gives rise to a clone, closely than they resemble unrelated individuals of the same
d u pl I Cated Ch romosomes cticall; identical 1r1d1\r1d1-1a11%s. Many multicellu- specieys. They are variations on a common theme of family
an reproduce asexually to produce clones. For resemblance, not exact replicas (Figure 8.1D). Each offspring
e sea star species and many house plants have inherits a unique combination of genes from its two parents,
Locus
¥ f'_;’)’ 2 ¥ = ] < Figure 8.1D Sexual
3 AL . - X reproduction produces
Centromere ' ot of b
Sister
chromatids

b sl
One duplicated chromosome

A Figure 8.11 A pair of homologous
chromosomes

Cover this figure, and
on a piece of paper, draw a pair of
homologous chromosomes, and label
the sister chromatids, the centromere,
and one chromosome. Then, uncover this
figure and compare it to your drawing.

Try This activities in every chapter
encourage students to actively

engage with the figures and develop
positive study habits.




Key Concepts and Active

Learning

and this one-and-only set of
genes programs a unique
combination of traits.
As a result, sexual
reproduction can pro-
duce great varlation
among offspring.

In addition to the
production of gam-
ctes, cell division plays
other important roles
in multicellular organ-
ismns. Cell division

enables sexually reproducing
organisms to develop from
asingle cell—the fertilized egg, or zygote (Figure 8.1E)—into
an adult organism. All of the trillions of cells in your body
arose via repeated cell divisions that began in your mother's
body with a single fertilized egg cell. After an organism is fully
grown, cell division continues to function in renewal and
repair, replacing cells that die from normal wear and tear or
from accidents. Within your body, millions of cells must divide
every second to replace damaged or lost cells (Flgure 8.1F). For

LM 750

A Figure 8.1E Dividing cells in
an early human embryo

example, dividing cells within
vour epidermis continuous-
Iy replace dead cells that
slough off the surface of
vour skin.

The type of cell
division responsi-
ble for the growth
and maintenance of
multicellular organ-
istns and for asexual
reproduction involves
aprocess called mitosis.
The production of egg and
sperm cells involves a differ-
ent type of cell division called
meinsis. In the remainder of this
chapter, you will learn the details of both mitosis and meio-
sis. To start, we'll look briefly at prokarvotic cell division.

LM 8503

A Flgure 8.1F A human
kidney cell dividing

What function does cell division play in an amoeba (a single-
celled protist)? What functions does it play in your body?

Jiedas pue ‘ypwous uawdoEsap luoponpolday m

8.2 Prokaryotes reproduce by binary fission

Prokarvotes (single-celled bacteria and archaea) reproduce
by a type of cell division called binary fission, a term that
means “dividing in halt.” In typical prokaryotes, most genes
are carried on one circular DNA molecule that, with associated
proteins, constitutes the organism’s single chromosome.

Plasma 3
membrane — Prokaryotic
chromosame

Cell wall =

o Dupli-c-ation of the chromosome
and sepa_ration of the copies

o Continued elongation of the
cell and movement of the copies

Although prokaryotic chromosomes are generally much
shorter than those of eukaryotes, duplicating them in an
orderly fashion and distributing the copies equally to two
daughter cells are still formidable tasks. Consider, for exam-
ple, that when stretched out, the chromosome of the bacteri-
um Escherichia coli (E, coli) is about 500 times longer than the
cell itself. It is no small feat to accurately replicate this mole-
cule when it is coiled and packed inside the cell,

Flgure 8,24 illustrates binary fission ina pral\aryote [1 XY
the chromosome is duplicating, one copy moy,
opposite end of the cell. @ Meanwhile, the ce
©® When chromosome duplication is complet
has reached about twice its initial size, the pla
pinches inward and more cell wall is made, w
divides the parent cell into two daughter cells

13

REVIEWING THE CONCEPTE
Darwin's Theory of Evolution 13.1-12.7

For praclice quizes, SkF1k znimations. MP2 betorals, vides o, and
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a Why is binary fission classified as asexual re|
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Prokaryotic chromosomes

Dwrsn‘.:n into
/ 9 two daughter cells\

A Figure 8.2A Binary fission of a prokaryotic cell

A Flgure 8.2B An electron micrograph of a bacterlyl
of dividing

Cell Division and Reprg

Chapter summaries include
figures and text to help students review
and check their understanding of the
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Checkpoint questions
at the end of every module
let students check their
understanding right away.

Figures describing

a process take students
through a series of numbered
steps keyed to explanations
in the text.
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Continuous Learning

Before, During, and After Class

BEFORE CLASS
Interactive assignments introduce students to key concepts

NEW! Key Topic Overview videos

Abictic (nonlivi
mc Dk ydration 0 m /7f“e:r1 Pnieingl
o* — p Ewvironment
= Il 17 s Biatic (living)
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Chapter 4: A Tour of the Cell
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on track and develop active reading skills.

2. Which of the following cells would be preparing to divide? Briefly explain your answer.
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Preface

over the years and by enthusiastic feedback from the many

instructors who have used or reviewed our book, we are de-
lighted to present this new, Ninth Edition. We authors have
worked together closely to ensure that both the book and the
supplementary material online reflect the changing needs
of today’s courses and students, as well as current progress
in biology. Titled Campbell Biology: Concepts & Connections to
honor Neil Campbell’s founding role and his many contribu-
tions to biology education, this book continues to have a dual
purpose: to engage students from a wide variety of majors in
the wonders of the living world and to show them how biol-
ogy relates to their own existence and the world they inhabit.
Most of these students will not become biologists themselves,
but their lives will be touched by biology every day. Under-
standing the concepts of biology and their connections to
our lives is more important than ever. Whether we’re con-
cerned with our own health or the health of our planet, a
familiarity with biology is essential. This basic knowledge and
an appreciation for how science works have become elements
of good citizenship in an era when informed evaluations of
health issues, environmental problems, and applications of
new technology are critical.

I nspired by the thousands of students in our own classes

Concepts and Connections

Concepts Biology is a vast subject that gets bigger every
year, but an introductory biology course is still only one

or two semesters long. This book was the first introductory
biology textbook to use concept modules to help students
recognize and focus on the main ideas of each chapter. The
heading of each module is a carefully crafted statement of

a key concept. For example, “Helper T cells stimulate the
humoral and cell-mediated immune responses” announces
a key concept about the role of helper T cells in adaptive im-
munity (Module 24.12). Such a concept heading serves as a
focal point, and the module’s text and illustrations converge
on that concept with explanation and, often, analogies. The
module text walks the student through the illustrations, just
as an instructor might do in class. And in teaching a sequen-
tial process, such as the one diagrammed in Figure 24.12A,
we number the steps in the text to correspond to numbered
steps in the figure. The synergy between a module’s narrative
and graphic components transforms the concept heading
into an idea with meaning to the student. The checkpoint
question at the end of each module encourages students to
test their understanding as they proceed through a chapter.
Finally, in the Chapter Review, all the key concept state-
ments are listed and briefly summarized under the overar-
ching section titles, explicitly reminding students of what
they’ve learned.

xvi Preface

Connections Students are more motivated to study biology
when they can connect it to their own lives and interests—for
example, when they are able to relate science to health issues,
economic problems, environmental quality, ethical controver-
sies, and social responsibility. In this edition, purple Connection
icons mark the numerous application modules that go beyond
the core biological concepts. For example, the new Connection
Module 32.6 describes how humans tap into plant transport
mechanisms for harvesting such materials as maple syrup and
latex. In addition, our Evolution Connection modules, identi-
fied by green icons, connect the content of each chapter to the
grand unifying theme of evolution, without which the study of
life has no coherence. For example, a new Evolution Connection
in Chapter 14 uses data from studies by Rosemary and Peter
Grant and their students to demonstrate the continuing effects
of natural selection on Darwin’s finches. Explicit connections
are also made between the chapter introduction and either

the Evolution Connection module or the Scientific Thinking
module in each chapter; high-interest questions introduce each
chapter, drawing students into the topic and encouraging a
curiosity to explore the question further when it appears again
later in the chapter. And, connections are made in every chapter
between key concepts and the core concepts of biology.

New to This Edition

New Focus on Five Underlying Themes of Biology
A major goal of this Ninth Edition is to provide students with
an explicit framework for understanding and organizing the
broad expanse of biological information presented in Concepts
and Connections. This framework is based on the five major
themes outlined in Vision and Change in Undergraduate Biology
Education: A Call to Action published by the American Academy
for the Advancement of Science. These major themes extend
across all areas of biology: evolution, the flow of information,
the correlation of structure and function, the exchange of
energy and matter, and the interactions and interconnections
of biological systems. Chapter 1 introduces each of these themes
in a separate module. Specific examples of the themes are
then called out in each chapter by green icons: [T T ULLD,
STRUCTURE AND FUNCTION M ENERGY AND MATTER §

INTERACTIONS BENalsl EVOLUTION (always in module form).
CONNECTION

Expanded Coverage of the Process of Science
Chapter 1 also includes an enhanced focus on the nature
of science and the process of scientific inquiry, setting the
stage for both the content of the text and the process by
which our biological knowledge has been built and contin-
ues to grow. We continue this emphasis on the process of
scientific inquiry through our Scientific Thinking modules



in every chapter, which are called out with an orange icon.
New concept check questions for these modules focus on
aspects of the process of science: the forming and testing of
hypotheses; experimental design; variables and controls;
the analysis of data; and the evaluation and communication
of scientific results.

Additional Visualizing the Concept Modules These
modules, which were new to the Eighth Edition, have raised
our hallmark art-text integration to a new level. Visualizing
the Concept modules take challenging concepts or pro-
cesses and walk students through them in a highly visual
manner, using engaging, attractive art; clear and concise
labels; and instructor “hints” called out in light blue bub-
bles. These short hints emulate the one-on-one coaching
an instructor might provide to a student during office
hours and help students make key connections within the
figure. Examples of the eight new Visualizing the Concept
modules include Module 6.9, Most ATP production occurs
by oxidative phosphorylation; Module 8.17, Crossing over
further increases genetic variability; Module 13.14, Natural
selection can alter variation in a population in three ways;
Module 28.6, Neurons communicate at synapses, and Mod-
ule 34.18, The global water cycle connects aquatic and ter-
restrial biomes.

New Visualizing the Data Figures Also new to this
edition are figures that present data in an infographic
form, marked by Visualizing the Data icons. PN
These 19 eye-catching figures provide students LS

with a fresh approach to understanding the

concepts illustrated by graphs and numerical data. Figure 10.19
maps emergent virus outbreaks, showing that they originate
throughout the world. Figure 12.17 summarizes a wealth of
bioinformatics data on genome sizes versus the number of
genes found in various species. Figure 13.16 illustrates the
growing threat of antibiotic resistant bacteria. Figure 21.14
allows students to directly compare caloric intake (via food)
with caloric expenditure (via exercise). Figure 30.5B shows
changes in bone mass during the human life span. Figure 36.11
offers an illuminating visual comparison of the per capita and
national ecological footprints of several countries with world
average and “fair share” footprints. Figure 38.3 shows graphic
evidence of global warming by tracking annual global temper-
atures since 1880.

New Unit Openers That Feature Careers Related to
the Content of the Unit Expanding our emphasis on the
connections of biology to students’ lives, each unit opener
page now includes photos of individuals whose professions
relate to the content of the unit. For instance, Unit I features
a brewery owner and a solar energy engineer. Unit IV por-
trays a hatchery manager and a paleoanthropologist. These
examples are intended to help students see how their biology
course relates to the world outside the classroom and to their
own career paths.

New Design and Improved Art The fresh new design used
throughout the chapters and the extensive reconceptualization
of many figures make the book even more appealing and acces-
sible to visual learners. Much of the art in Chapter 6, How Cells
Harvest Chemical Energy, for example, has been revised to help
students work through the complex reactions of cellular res-
piration. Other examples of improved art are found in Figures
5.15B, 10.11A, and 37.22B.

The Latest Science Biology is a dynamic field of study,
and we take pride in our book’s currency and scientific accu-
racy. For this edition, as in previous editions, we have inte-
grated the results of the latest scientific research throughout
the book. We have done this carefully and thoughtfully,
recognizing that research advances can lead to new ways of
looking at biological topics; such changes in perspective can
necessitate organizational changes in our textbook to better
reflect the current state of a field. For example, Chapter 12
uses both text and art to present the innovative CRISPR-Cas9
system for gene editing. You will find a unit-by-unit account
of new content and organizational improvements in the “New
Content” section on pages xix-xx following this Preface.

MasteringBiology® MasteringBiology, the most widely
used online tutorial and assessment program for biology, con-
tinues to accompany Campbell Biology: Concepts & Connections.
In addition to 170 author-created activities that help students
learn vocabulary, extend the book’s emphasis on visual learn-
ing, demonstrate the connections among key concepts (help-
ing students grasp the big ideas), and coach students on how
to interpret data, the Ninth Edition features new assignable
videos. These videos bring this text’s Visualizing the Concept
modules to life, help students learn how to evaluate sources of
scientific information for reliability, and include short news
videos that engage students in the many ways course concepts
connect to the world outside the classroom. MasteringBi-
ology® for Campbell Biology: Concepts & Connections, Ninth
Edition, will help students to see strong connections through
their text, and the additional practice available online allows
instructors to capture powerful data on student performance,
thereby making the most of class time.

This Book’s Flexibility

Although a biology textbook’s table of contents is by design
linear, biology itself is more like a web of related concepts
without a single starting point or prescribed path. Courses
can navigate this network by starting with molecules, with
ecology, or somewhere in-between, and courses can omit
topics. Campbell Biology: Concepts & Connections is uniquely
suited to offer flexibility and thus serve a variety of courses.
The seven units of the book are largely self-contained, and in
anumber of the units, chapters can be assigned in a different
order without much loss of coherence. The use of numbered
modules makes it easy to skip topics or reorder the presenta-
tion of material.
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For many students, introductory biology is the only
science course that they will take during their college
years. Long after today’s students have forgotten most of
the specific content of their biology course, they will be
left with general impressions and attitudes about science
and scientists. We hope that this new edition of Campbell
Biology: Concepts & Connections helps make those impres-
sions positive and supports instructors’ goals for sharing
the fun of biology. In our continuing efforts to improve the
book and its supporting materials, we benefit tremendously
from instructor and student feedback, not only in formal
reviews but also via informal communication. Please let us
know how we are doing and how we can improve the next
edition of the book.
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New Content

and organizational improvements in Campbell Biology:

B elow are some important highlights of new content
Concepts & Connections, Ninth Edition.

Chapter 1, Biology: Exploring Life This chapter has
been extensively reorganized and revised. Our expanded cov-
erage of the nature of science and scientific inquiry has now
moved to the forefront of Chapter 1. The first of the five mod-
ules in this section provides a general description of data,
hypothesis formation and testing, the centrality of verifiable
evidence to science, and an explanation of scientific theo-
ries. The module describing how hypotheses can be tested
using controlled experiments now includes a subsection on
hypothesis testing in humans. A new Scientific Thinking
module entitled Hypotheses can be tested using observa-
tional data, describes how multiple lines of evidence, includ-
ing DNA comparisons, have helped resolve the classification
of the red panda. Another new module—The process of
science is repetitive, nonlinear, and collaborative—presents

a more accurate model of the process of science that includes
four interacting circles: Exploration and Discovery; Forming
and Testing Hypotheses: Analysis and Feedback from the Sci-
entific Community; and Societal Benefits and Outcomes. The
chapter concludes with the introduction of five core themes
that underlie all of biology: evolution; information; structure
and function; energy and matter; and interactions.

Unit I, The Life of the Cell This unit guides students
from basic chemistry and the molecules of life through
cellular structures to cellular respiration and photosynthesis.
Throughout the Ninth Edition, the five themes introduced
in Chapter 1 are highlighted with specific references.
Examples from Unit 1 include “Illustrating our theme of
EEETITITIAED, we see that matter has been rear-
ranged, with an input of energy provided by sunlight”
(Module 2.9); “The flow of genetic instruction that leads

to gene expression, summarized as DNA — RNA — protein,
illustrates the important biological theme of [[NTETLD’
(Module 3.15); “The interconnections among these path-
ways provide a clear example of the theme of
in producing the emergent property of a balanced metab-
olism” (Module 6.15); and “The precise arrangements of
these membranes and compartments are essential to the
process of photosynthesis—a classic example of the theme
of B FITEETTTD” Module 7.2). The theme of
evolution is featured, as it is in every chapter, in an Evolution
Connection module, such as Module 4.15, Mitochondria
and chloroplasts evolved by endosymbiosis. Two new Visual-
izing the Concept modules are Module 2.6, Covalent bonds
join atoms into molecules through electron sharing, and
Module 6.9, Most ATP production occurs by oxidative phos-
phorylation. Both use new and highly revised art to guide
students through these challenging topics. The Connection

Module 2.2, Trace elements are common additives to food
and water, uses added information on water fluoridation to
emphasize the process of science and societal interactions.
Two new Connection modules are Module 3.6, Are we eating
too much sugar? (which includes a Visualizing the Data fig-
ure on recommended and actual sugar consumption), and
Module 7.14, Reducing both fossil fuel use and deforestation
may moderate climate change (which includes information
on the 2015 Paris climate accord). New orientation diagrams
help students follow the various stages of cellular respiration
and photosynthesis in Chapters 6 and 7.

Unit 11, Cellular Reproduction and Genetics The
purpose of this unit is to help students understand the rela-
tionship between DNA, chromosomes, and organisms and

to help students see that genetics is not purely hypothetical
but connects in many important and interesting ways to
their lives, human society, and other life on Earth. The con-
tent has been reinforced with updated discussions of rele-
vant topics, such as DCIS (also called stage O breast cancer),
increased use of genetically modified organisms (GMOs),
recent examples of DNA profiling, information about the
2015 California measles outbreak, a new infographic that
charts emergent virus outbreaks, and new data on the health
prospects of clones. This edition includes discussion of many
recent advances in the field, such as an updated definition

of the gene, and a largely new presentation of DNA technol-
ogies and bioinformatics, including extensive discussion in
both text and art of the CRISPR-Cas9 system, GenBank, and
BLAST searches. In some cases, sections within chapters have
been reorganized to present a more logical flow of materials.
Examples of new organization include an improved presenta-
tion of the genetics underlying cancer, a new Visualizing the
Concept module on crossing over, a new circular genetic code
chart that should improve student understanding, and a new
Visualizing the Data that summarizes relevant information
about different types of cancer and their survival rates. Mate-
rial throughout the unit has been updated to reflect recent
data, such as the latest statistics on cancer, cystic fibrosis,
and Down syndrome, an improved model of ribosomes, new
information about prions, expanded coverage of noncod-
ing small RNAs, new human gene therapy trials, and recent
information about Y chromosome inheritance.

Unit Ill, Concepts of Evolution This unit presents the
basic principles of evolution and natural selection, the over-
whelming evidence that supports these theories, and their
relevance to all of biology—and to the lives of students. For
example, a new Visualizing the Data figure (13.16) illustrates
the growing threat of antibiotic resistance. Chapter 13 also
includes a new Visualizing the Concept module (13.14) on
the effects of natural selection that shows experimental data
along with hypothetical examples. Chapter 14 contains a new

New Content Xix



Evolution Connection module (14.9) featuring the work of
Rosemary and Peter Grant on Darwin’s finches. Modules 15.14
to 15.19 were revised to improve the flow and clarity of the
material on phylogenetics and include updates from genomic
studies and new art (for example, Figures 15.17 and 15.19A).

Unit IV, The Evolution of Biological Diversity The diver-
sity unit surveys all life on Earth in less than a hundred pages!
Consequently, descriptions and illustrations of the unifying
characteristics of each major group of organisms, along with a
small sample of its diversity, make up the bulk of the content.
Two recurring elements are interwoven with these descrip-
tions: evolutionary history and examples of relevance to our
everyday lives and society at large. With the rapid accumula-
tion of molecular evidence, taxonomic revisions are inevitable.
These changes are reflected in Chapter 16, Microbial Life, with
anew module and figure (16.13) on protist supergroups, and

in Chapters 18 and 19, Evolution of Invertebrate Diversity and
Evolution of Vertebrate Diversity, with three modules about
animal phylogeny (18.10, 18.11, and 19.1). The importance of
metagenomics to the study of microorganisms is highlighted
in Modules 16.1 and 16.7 (prokaryotes) and 17.14 (fungi). New
examples of relevance include valley fever, a fungal disease
linked to climate change (Module 17.19), and a Visualizing the
Data figure (19.16) on the evolution of human skin color.

Unit V, Animals: Form and Function This unit combines
a comparative animal approach with an exploration of human
anatomy and physiology. The introduction to Chapter 20, Uni-
fying Concepts of Animal Structure and Function, begins with
the question “Does evolution lead to the perfect animal form?”
and the question is answered in the Evolution Connection,
Module 20.1, in discussion of the lengthy laryngeal nerve in
giraffes. By illustrating that a structure in an ancestral organism
can become adapted to function in a descendant organism
without being “perfected,” this example helps to combat a
common student misconception about evolution. The main
portion of every chapter in this unit is devoted to detailed
presentations of human body systems, frequently illuminated
by discussion of the health consequences of disorders in those
systems. The Chapter 22 opening essay and Scientific Thinking
module (22.7) were revised to compare the conclusions from
long term studies on the health hazards of cigarette smoking
with the very recent research on the effects of e-cigarettes. In
Chapter 23, Circulation, the Scientific Thinking module (23.6)
discusses the consequences of treating coronary artery disease
with medicine or both medicine and stents. Chapter 29, The
Senses, incorporates new material on common eye condi-
tions, glaucoma and cataracts. In many areas, content has
been updated to reflect newer issues in biology. New modules
include 24.9 on the importance of community vaccination,
28.18 on neuronal plasticity, and 29.12 about the contribution
of genes in one’s perception of the taste of cilantro. New Vis-
ualizing the Concept modules on osmoregulation (25.4) and
neuronal synapses (28.6) help students better envision big con-
cepts. New Visualizing the Data figures detail data on hyper-
tension in the United States (23.9B), worldwide HIV infection
and treatments (24.14B), and changes in bone mass during the
human life span (30.5B). Chapter 21, Nutrition and Digestion,

XX New Content

includes a new discussion of human microbiome and microbi-
ota as well as presentation of the forthcoming changes to food
nutritional labels. Module 22.9, Breathing is automatically
controlled, was heavily revised. The equation showing the for-
mation and dissociation of carbonic acid now accompanies the
discussion of how the medulla regulates breathing, a process
illustrated by new art. Improvements to this unit also include

a significant revision to the presentation of the kidney as a
water-conserving organ (25.7) and a clearer four-step process
by which a sensory stimulus results in a perception (Module
29.1). Chapter 27, Reproduction and Embryonic Development,
presents data on the decreased incidence of cervical cancer
due to early detection, a new Visualizing the Data (Figure 27.8)
that summarizes different methods of contraception, and new
information on reproductive technologies.

Unit VI, Plants: Form and Function To help students
gain an appreciation of the importance of plants, this unit
presents the anatomy and physiology of angiosperms with
frequent connections to the importance of plants to soci-
ety. New Connections modules in this edition include an
improved discussion of agriculture via artificial selection

on plant parts and via plant cloning in Chapter 31; updated
discussions of organic farming, human harvesting of plant
transport products (such as maple syrup and rubber), and
GMOs in Chapter 32; and a new discussion of caffeine as an
evolutionary adaptation that can prevent herbivory in Chap-
ter 33. Throughout the unit, the text has been revised with
the goal of making the material more engaging and accessi-
ble to students. For example, the discussion of plant nutri-
ents has been entirely reorganized into a large Visualizing the
Data in Module 32.7, and the presentation of the potentially
confusing topic of the effect of auxin on plant cell elongation
benefits from a new visual presentation (Figure 33.3B). All of
these changes are meant to make the point that human soci-
ety is inexorably connected to the health of plants.

Unit VII, Ecology In this unit, students learn the fundamen-
tal principles of ecology and how these principles apply to envi-
ronmental problems. The Ninth Edition features a new Visual-
izing the Concept module that explains the global water cycle
(34.18) and Visualizing the Data figures that compare ecological
footprints (36.11), track global temperatures since 1880 (38.3A),
and illustrate the results of a study on optimal foraging theory
(35.12). Module 35.16 has been updated with new examples of
the effects of endocrine-disrupting chemicals on animal behav-
ior and the EPA’s progress in evaluating endocrine disruptors in
pesticides as potential hazards to human health. Other content
updates in this unit include human population data (36.9 and
36.10), species at risk for extinction (38.1), and the new federal
law banning the use of microbeads in health and beauty prod-
ucts (38.2). Module 37.13 has been heavily revised to include
more examples of invasive species. The unit-wide emphasis on
climate change and sustainability continues in this edition. For
example, the module on ecological footprints (36.11) has been
updated and revised, and Module 37.23 includes a new empha-
sis on the role of wetlands in mitigating the effects of climate
change. Figures 38.3B and 38.4A were updated with the most
recent data available, and Module 38.3 was heavily revised.
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Biology: Exploring Life

Red pandas (Ailurus fulgens), such as the one on the cover of this textbook and the one
pictured to the right, have a characteristic kitten-like face and grow to be about the size of a
large house cat. These captivating creatures are well adapted for life in the mountainous forests

of Asia. Their cinnamon red and white coat camouflages them
Who are a red panda’s  with the red mosses and white lichens of their environment,
closest relatives? while their dark underbelly helps hide them from predators

looking up from below. Their long bushy tail helps them
balance in the trees and, when wrapped around their bodies, provides warmth during the winter.
And a bony projection in their wrist helps them grasp one of their favorite foods, bamboo.

You might think of the much larger, black and white pandas when you think about bamboo-
eaters. Giant pandas live in similar regions in Asia. Are they closely related to red pandas?
Scientists once thought so but have since reclassified red pandas into their own family. Later in
the chapter we’ll explore how scientists have traced the family tree of red pandas.

Despite their distinct lineages, the red panda and the giant panda do have something in
common—they are both at risk of going extinct in the wild. Scientists don’t have an accurate
count of the red panda’s numbers or know exactly where they live. The most recent counts
estimate there are about 10,000 red pandas left in the world, a number that is likely to
fall below 9,000 over the next 30 years. Finding and counting these shy, solitary animals
in their remote habitats is difficult—just one example of the challenges and adventures
encountered in biology, the scientific study of life.

We will begin this chapter by defining biology. Next we’ll consider the nature and process of
science. And we'll end the chapter with an exploration of five unifying themes that you will find
woven throughout your study of biology.

Biology: The Scientific The Process of Science (1.4-1.8)

Study of Life (1.1-1.3) Science is based on verifiable evidence.
In studying nature, scientists make

observations, form hypotheses, and test
predictions.

Life can be defined by a group of
properties common to all living
organisms and is 4
characterized by
both a huge
diversity of
organisms
and a
hierarchy of
organization.




Five Unifying Themes in
Biology (1.9-1.14)

Themes that run through all of biology
are evolution, information, structure
and function, energy

and matter, and T ,
interactions. : .




Biology: The Scientific Study of Life

1.1 What is life?

Defining biology as the scientific study of life raises the obvi-
ous question: What is life? Even a small child realizes that an
ant or a plant is alive, whereas a rock or a car is not. But the phe-
nomenon we call life defies a one-sentence definition. We rec-
ognize life mainly by what living things do. Figure 1.1 explores
some of the properties and processes we associate with life.

All organisms, from ants to plants to people, are composed
of cells—the structural and functional units of life. The phe-
nomenon we call life emerges at the level of a cell: A cell can
regulate its internal environment, take in and use energy, and
respond to its environment. The ability of cells to give rise to

new cells is the basis for all reproduction and for the growth
and repair of multicellular organisms. A cell may be part of a
complex plant or animal, or it may be an organism in its own
right. Indeed, single-celled bacteria and other unicellular
organisms far outnumber multicellular organisms on Earth.

Figure 1.1 also illustrates that the living world is wondrously
varied. In the next module we see how biologists attempt to
organize the remarkable diversity of life.

B How would you define life?
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Reproduction: Organisms
reproduce their own kind.

Order: Life is characterized
by highly ordered
structures.

Response to the environment:
All organisms respond to
environmental stimuli. This
Venus flytrap rapidly closed

its trap in response to a fly
landing on it.

Regulation: Organisms have regulatory mechanisms that
maintain a beneficial internal environment. “Sunbathing”
raises this lizard's body temperature on cold mornings.

A Figure 1.1 Some properties of life
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Growth and development: Inherited
information encoded in DNA controls

the pattern of growth and development
of all organisms.

Energy processing:
Organisms take in
energy and use it to
power all their activities.

Evolutionary adaptation: Adaptations, such as this
red panda’s warmth-providing tail, evolve over
countless generations as individuals with heritable
traits that are best suited to their environments have
greater reproductive success.



1.2 Biologists arrange the diversity of life into three domains

Diversity is a hallmark of life. One way in which
biologists make sense of the vast array of organisms
existing now and over the long history of life on
Earth is to organize life’s diversity into groups. Each
unique form of life is called a species and is given

a two-part, italicized, scientific name. The name
identifies the genus and the particular species with-
in that genus. For instance, the name for our species
is Homo sapiens, meaning “wise man.” Biologists
have so far identified and named about 1.8 million
species. Estimates of the total number of species
range from 10 million to more than 100 million.

There seems to be a human tendency to group
things, such as snakes or butterflies, although
we recognize that each group includes many dif-
ferent species. And we often cluster groups into
broader categories, such as reptiles (which include
snakes) and insects (which include butterflies).
Taxonomy, the branch of biology that names and
classifies species, arranges species into a hierarchy
of broader and broader groups, from genus, family,
order, class, and phylum, to kingdom. A goal of
this classification system is to reflect the evolu-
tionary history and relationships of organisms.

Historically, biologists divided all of life into
five kingdoms. But new methods for assessing
evolutionary relationships, such as comparisons
of DNA sequences, have led to an ongoing reevalu-
ation of the number and boundaries of kingdoms.
Although the debate continues on such divisions,
there is consensus among biologists that life
can be organized into three higher levels called
domains. Figure 1.2 shows representatives of
domains Bacteria, Archaea, and Eukarya.

Domains Bacteria and Archaea both consist
of microscopic organisms with relatively simple
cells. You are probably most familiar with bacteria,
avery diverse and widespread group. Many mem-
bers of domain Archaea live in Earth’s extreme
environments, such as salty lakes and boiling hot
springs. Each rod-shaped or round structure in
the photos of bacteria and archaea in Figure 1.2 is
a single cell. These photos were made with an
electron microscope, and the number along the
side indicates the magnification of the image.

All the organisms with more complex cells are called
eukaryotes and are grouped in domain Eukarya. Protists
are a diverse collection of mostly single-celled organisms.
Figure 1.2 shows an assortment of protists in a drop of pond
water. Biologists continue to assess how to group the protists
to reflect their evolutionary relationships.

The three remaining groups within Eukarya are distin-
guished partly by their modes of nutrition. Kingdom Plantae
consists of plants, which produce their own food by photo-
synthesis. The plant pictured in Figure 1.2 is a tropical brome-
liad, a plant native to the Americas.
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A Figure 1.2 The three domains of life

Kingdom Fungi, represented by the mushrooms in Figure 1.2,
is a diverse group whose members mostly decompose organic
wastes and absorb the nutrients into their cells.

Animals, which are grouped in Kingdom Animalia, obtain
food by eating other organisms. The butterfly in Figure 1.2 is
drinking nectar from a thistle flower.

Another way in which biologists make sense of the diver-
sity and complexity of life is to organize it into a hierarchy of
structural levels, extending from the microscopic level of cells
to the global scale of the entire Earth. In the next module we
take a visual journey through these levels.

B To which of the three domains of life do we belong?
efieyng
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1.3 In life’s hierarchy of organization, new properties
emerge at each level

Biologists study life across a very broad range of scales,
from the molecules in a cell to the entire living planet. They

Al life on Earth and the divide this vast scope of biology into a series of structural

places where life exists.
Florida

< 45
These places o
include most regions of land, g

k" e

bodies of water, and the lower s 4 . i, . —
atmosphere. 4@ XA v In this aerial view of

o

Ve a mangrove ecosystem, you see a
forest of mangrove trees hugging
the shoreline.

All the organisms in a
particular area, as well as
the physical components
with which life interacts,
such as soil, water,

and light.

An emergent property of an
ecosystem is the cycling of matter
between organisms and the Soll,
water, and air.

In this community,
we find mangrove trees and eel grass,
crabs and barnacles, alligators and snakes, a
huge diversity of insects, birds, and fish, and
countless microorganisms.

All the individuals of a
particular species living s
in a community. e ..

| B

Schoolmaster snappers
swim together among the
mangrove roots.
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levels. Follow the arrows to take a visual tour down through and move upward through this figure from molecules to the

this organizational hierarchy, using a mangrove swamp in biosphere, we find that novel properties arise at each higher

Florida as an example. level, properties that were not present at the preceding level.
Biologists often focus their study of the natural world on Such emergent properties result from the specific arrange-

one or a few of these levels, exploring individual components ment and interactions of component parts. For example,

and interactions between those components, as well as the arrangement and connections of nerve cells enables

connections to other levels. Indeed, if we reverse the arrows nervous signals to travel from a fish's brain to its tail. And

movement is an emergent property arising from the interac-
tions and interconnections of a fish's nervous, muscular, and
skeletal systems.

A fish's nervous system
consists of its brain, spinal cord,
and nerves.

An organ,
such as the brain, is
composed of several

~_ different tissues.

6. Organs and organ systems:
Body parts that perform a specific
function. Several organs may

cooperate in an organ system.

7. Tissue:

A group of similar
cells performing a
specific function.

Storing and transmitting

hereditary information are
properties that emerge from the
arrangement of atoms in a
molecule of DNA.

The nucleus is an organelle
that encloses a cell's DNA, its
genetic instructions.

T

8. Cell:
The fundamental
structural and

functional unit of life.

&

e\-.

The property of life )

) ~= p <d
/(9. Organelle: emerges at the level of |
- ~ . A membrane-enclosed the cell.
10. Mqlecme' )4 functional structure
A chemical structure i 4 L .
~inacell

consisting of two
or more units called

atoms.
Which of these levels of biological organization includes all of the

others in the list: cell, molecule, organ, tissue?
uesio m
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1.4 What is science?

Science is a way of knowing—an approach to understanding
the natural world. It stems from our curiosity about ourselves
and the world around us. At the heart of science is inquiry, a
search for information and explanations of natural phenomena.
Biology, like other sciences, begins with careful observation.
In gathering information, biologists often use tools such as
microscopes to extend their senses and precision instruments
to facilitate careful measurement. Recorded observations
are called data—the evidence on which scientific inquiry is
based. Some data are qualitative, often in the form of recorded
descriptions. For example, Jane Goodall spent decades record-
ing her observations of chimpanzee behavior during field
research in Tanzania (see Module 35.22). She also recorded vol-
umes of quantitative data, such as the frequency and duration

of specific behaviors. Quantitative data are generally numerical

measurements, which may be organized into tables and graphs
and analyzed with a type of mathematics called statistics.

Observations often prompt us to ask questions and then seek

answers by forming and testing hypotheses. A hypothesis is
a proposed explanation for a set of observations, and it leads to
predictions that can be tested by making additional observa-

tions or by performing experiments. An experiment is a scien-

tific test, often carried out under controlled conditions.

We all use hypotheses and predictions in solving every-
day problems. Let’s say you are preparing for a big storm that
is approaching your area and find that your flashlight isn’t
working. That your flashlight isn’t working is an observation,
and the question is obvious: Why doesn’t it work? Figure 1.4
presents two hypotheses, each of which leads to predictions
you can test. Predictions are the results we should expect if the
hypothesis is correct, and they often take an “if.. . then” form.
For example, if the dead-battery hypothesis is correct, then
replacing the batteries with new ones will fix the problem.

An important point about scientific inquiry is that we can
never prove that a hypothesis is true. As shown in Figure 1.4,
the burned-out bulb hypothesis is the more likely explana-
tion in our hypothetical scenario. But perhaps the old bulb
was simply loose and the new bulb was inserted correctly. We
could test this hypothesis by carefully reinstalling the origi-
nal bulb. If the flashlight doesn’t work, the burned-out bulb
hypothesis is supported by another line of evidence. Testing
a hypothesis in various ways provides additional support and
increases our confidence in the hypothesis. Indeed, multiple
rounds of hypothesis testing may lead to a scientific consen-
sus—the shared conclusion of many scientists that a particular
hypothesis explains the known data well and stands up to
experimental testing.

How is a theory different from a hypothesis? A scientific
theory is much broader in scope and is supported by a large
and usually growing body of evidence. For example, the the-
ory of evolution by natural selection explains a great diversity
of observations, is supported by a vast quantity of evidence,
and has not been contradicted by any scientific data.

6 cHAPTER 1 | Biology: Exploring Life
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Observation:
Flashlight doesn’t work.

!

Question:
Why doesn’t the
flashlight work?

Y Y

Hypothesis #1: “\‘\ Hypothesis #2:
Satteries are dead. ' ulb is burned out.
Prediction: Prediction:

Replacing batteries Replacing bulb
will fix problem. will fix problem.

/ '

Test of prediction: Test of prediction:
Replace batteries. Replace bulb.

/ '

Results: Results:
Flashlight doesn’t work. Flashlight works.
Hypothesis is contradicted. Hypothesis is supported.
i

A Figure 1.4 An everyday example of forming and testing hypotheses

How is science different from other ways of describing
and explaining nature, such as philosophy or religion? Those
endeavors also seek to make sense of the world around us, and
they often play an important role in society. But the scientific
view of the world is based on hypothesis testing and verifiable
evidence. Indeed, one of the distinguishing characteristics of
science is the willingness to follow the evidence—and to cor-
rect itself when new evidence is found.

To help you better understand what science is, we include
a Scientific Thinking module in each chapter. These modules
encompass several broad activities that scientists engage in:
observing nature; forming hypotheses and testing them
using various research methods; analyzing data; using tools
and technologies to build scientific knowledge; communicat-
ing the results of scientific research; and evaluating the impli-
cations of such studies for society as a whole.

B What is the main requirement for a scientific hypothesis?
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1.5 Hypotheses can be tested using controlled experiments

Many animals match their environment: toads
the color of dead leaves, green cabbage worms
on green leaves, or white snowy owls in their
arctic habitat. From these observations, one
might hypothesize that such color patterns have
evolved as adaptations that protect animals from
predation. Can scientists test this hypothesis?

Controlled Experiments In an experimental
test of a hypothesis, a researcher often manipu-
lates one component in a system and observes
the effects of this change. Variables are factors
that vary in an experiment. The factor that is
manipulated by the researchers is called the
independent variable. The measure used to
judge the outcome of the experiment is called
the dependent variable. This variable depends
on, or is affected by, the manipulated variable.
A controlled experiment is one in which an
experimental group is compared with a control
group. These groups ideally differ only in the one variable the
experiment is designed to test.

Let’s consider an example of a controlled experiment
involving two populations of mice that belong to the same
species (Peromyscus polionotus) but live in different environ-
ments. The beach mouse lives along the Florida seashore; the
inland mouse lives on darker soil farther inland. As you can see
in Figure 1.5, there is a striking match between mouse color-
ation and habitat. In 2010, biologist Hopi Hoekstra of Harvard
University and a group of her students headed to Florida to
test the camouflage hypothesis. They predicted that if camou-
flage coloration protects mice from predators, then mice that
matched their environment would be preyed on less frequently
than mice with coloration that did not match their habitat.

This experiment is an example of a field study, one not
done in a laboratory but out in nature, using the natural hab-
itat of the mice and their predators. The researchers built 250
plastic models of mice and painted them to resemb]e either
beach or inland mice. Equal numbers of models were placed
randomly in both habitats. The models resembling the native
mice in each habitat were the control group. The mice with
the non-native coloration were the experimental group. Signs
of predation were recorded for three days.

As you can see by the results in Table 1.5, the noncamou-
flaged models had a much higher percentage of predation

TABLE 1.5 Results from Camouflage Experiment

Number of Attacks

% Attacks on
On Camouflaged On Noncamouflaged Noncamouflaged

Inland population Members of the
same species living about 30 km inland

ion Beach mice living

A Figure 1.5 Beach mouse and inland mouse with their native habitat

attacks in both habitats. The data thus support the camou-
flage hypothesis: Coloration that matches the environment
protects animals from predation.

Testing Hypotheses in Humans Controlled experiments
involving humans, such as tests of new medications, are called
clinical trials or clinical studies. Subjects are usually randomly
assigned to control and experimental groups. The control
group participants are often given a placebo, a treatment
(such as a sugar pill) that doesn’t contain the substance being
studied. In a double-blind trial, neither the researchers nor
the subjects know who is in which group. Clinical trials must
be cut short if preliminary results show that the treatment is
either significantly harmful or significantly beneficial to the
participants, because it would be unethical to knowingly harm
participants or withhold effective treatment.

Observational studies are often used to test hypotheses in
humans. In a retrospective study, researchers may interview
people, use medical records, or examine death certificates in
the attempt to identify factors that led to a specific outcome. In
a prospective study, researchers enter the picture at the begin-
ning, enrolling a group of participants, called a cohort, and then
collecting data from them over a period of time. Observational
studies have their limitations. A correlation between a factor
and an outcome does not necessarily mean that the factor
caused the outcome. Large cohort studies, how-
ever, have contributed a great deal to our under-
standing of the effects of many health-related
factors, including diet, smoking, exercise, and
environmental conditions.

Habitat Models Models Models

Beach (light habitat) 2 5 71% In some studies, researchers try to match the
sex, age, and general health of subjects in the

Inland (dark habitat) 5 16 76%

control and experimental groups. What is this exper-

Data from S. N. Vignieri et al., The selective advantage of crypsis in mice, Evolution 64: 2153-8 (2010).

Identify the independent and dependent variables in this experiment.

imental design trying to do?
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1.6 Hypotheses can be tested using observational data

Controlled experiments are not the only way
to test hypotheses. Scientists often use data
from observations to form and test hypotheses.

Let’s consider an example of how scientists have answered
the question of how to classify the red panda. As you will
see, the red panda story provides an excellent example of
observations leading to hypotheses and the willingness of
scientists to revise hypotheses to
incorporate new evidence.

From its antics in YouTube
videos, the red panda might
remind you of a house cat.
Indeed, its scientific name, Ailurus fulgens, means
“shining cat.” But it also looks like a raccoon, and it
eats bamboo and has a false thumb like a giant panda.
Common names such as lesser panda, red cat-bear, and
firefox reflect the confusion over the red panda’s relatives.
How have scientists classified this animal?

To develop hypotheses about the evolutionary rela-
tionships among species, scientists use many kinds of
evidence, including comparisons of both fossils and living
organisms. Based on observations of physical similarities,
scientists initially hypothesized that the red panda was
most closely related to raccoons, and therefore classified
the two species in the same biological family (Figure 1.6).
Other scientists, observing that the diet and habitat of
red pandas were similar to those of giant pandas, placed
the two pandas together in their own family. As evidence
accumulated that giant pandas are members of the bear
family, it was proposed that the red panda also belonged
in that family.

In recent years, scientists have increasingly used molecu-
lar evidence based on comparisons of DNA sequences to test
hypotheses about evolutionary relationships. The underly-
ing assumption is that the more closely the DNA sequences

Who are the red
panda’s closest
relatives?

V Figure 1.6 Two hypotheses
for the group in which red pandas
should be classified

Should red pandas be
grouped with raccoons
or with giant pandas? ' ‘

of two species match, the more closely they are related. A
number of recently published molecular studies strongly
support the hypothesis that red pandas are not part of either
the bear or the raccoon family. As a result of this new evi-
dence of differences in the DNA sequences of these groups,
scientists now classify red pandas as the sole living species of
their own family.

Explain why comparisons of DNA sequences are considered
observational and not experimental data.
*aA13sq0 Ady)
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1.7 The process of science is repetitive, nonlinear, and collaborative

As discussed in Module 1.4, scientists use a process of inquiry
that includes making observations, asking questions, forming
hypotheses, and testing them. Very few scientific inquiries,
however, adhere rigidly to the sequence of steps that are typi-
cally used to describe “the scientific method.”

Figure 1.7, on the facing page, presents a more inclusive
model of the scientific process. You can see that forming
and testing hypotheses are at the center of science. This
core set of activities is the reason that science does so well in
explaining natural phenomena. These activities, however,
are shaped by exploration and discovery (the upper circle
in Figure 1.7) and influenced by interactions with other sci-
entists and with society more generally (lower circles). The
arrows pointing between the circles illustrate that the com-
ponents of the scientific process interact and interconnect.

8 cHAPTER 1 | Biology: Exploring Life

The process of science is typically repetitive and nonlinear.
For example, scientists often work through several iterations
of making observations and asking questions, with each
round informing the next, before settling on hypotheses that
they wish to test. In fine-tuning their questions, biologists
rely heavily on scientific literature, the published contribu-
tions of fellow scientists—their peers. By reading about and
understanding past studies, scientists can build on the foun-
dation of existing knowledge.

Scientists rarely work alone in testing their ideas: they may
learn methods from each other and share advice on experi-
mental design and data analysis. An experimental design may
need to be adjusted after initial data are collected. And results
may lead to a revision of the original hypothesis or the forma-
tion of alternate ones, thus leading to further testing. In this



way, scientists circle closer and closer to their best estimation
of how nature works. As in all quests, science includes ele-
ments of challenge, adventure, and luck, along with careful
planning, reasoning, creativity, patience, and persistence in
overcoming setbacks. Such diverse elements of inquiry make
science far less structured than most people realize.

Scientists share information with their community of
peers through seminars, meetings, personal communication,
and scientific publications. Before the results of hypothesis
testing are published in a peer-reviewed journal, the research
is evaluated by qualified, impartial, often anonymous experts
who were not involved in the study. Reviewers often require
authors to make revisions to their claims or perform addi-
tional experiments to provide more lines of evidence. It is not
uncommon for a journal to “reject,” or not publish, a paper
if it doesn’t meet the rigorous standards set by fellow
scientists. When a study is published, scientists often
check each other’s claims by attempting to confirm
observations or repeat experiments.

As indicated by the lower left circle in Figure 1.7,
science is interwoven with the fabric of society. Much
of scientific research is focused on particular problems
that are of human concern, such as the push to cure cancer
or to understand and slow the process of climate change.
Societal needs often determine which research projects are
funded and how extensively the results are discussed. To
emphasize the connection between biology and society, each
chapter of this text includes at least one Connection mod-
ule. These modules also highlight the connections between
biology and your own life.

Societal benefits
and outcomes:
Solving problems,
developing new
technologies

Exploration and
discovery:
Observing, asking
questions, reading
literature

Formation and testing
of hypotheses:
Collecting and

interpreting data

Feedback from
the scientific
community: Peer-
reviewed publications,
replication of findings,
consensus building

A Figure 1.7 A more realistic model of the process of science. This
illustration in based on a model (How Science Works) from the website
Understanding Science (www.understandingscience.org).

Why is hypothesis testing at the center of the process of
science?
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1.8 Biology, technology, and society are connected in important ways

Many of the current issues facing society are

related to biology, and they often involve our

expanding technology. What are the differ-
ences between science and technology? The goal of science
is to understand natural phenomena. In contrast, the goal
of technology is to apply scientific knowledge for some
specific purpose. Scientists usually speak of “discoveries,”
whereas engineers more often speak of “inventions.” These
two fields, however, are interdependent. Scientists use new
technology in their research, and scientific discoveries often
lead to the development of new technologies.

The potent combination of science and technology can
have dramatic effects on society. For example, the discovery
of the structure of DNA by Watson and Crick more than
60 years ago was aided by the technology of X-ray crystal-
lography. Subsequent advances in DNA science have led to
the technologies of DNA manipulation that today are trans-
forming applied fields such as medicine, agriculture, and
forensics.

Technology has improved our standard of living in many
ways, but not without consequences. Technology has helped

Earth’s population to grow tenfold in the past three centuries
and to more than double in just the past 40 years. There are
now more than 7.3 billion people on Earth. Climate change,
toxic wastes, deforestation, and increasing rates of extinction
are just some of the repercussions of more and more people
wielding more and more technology. Science can help iden-
tify problems and provide insight into how to slow down

or prevent further damage. But solutions to these problems
have as much to do with politics, economics, and cultural
values as with science and technology. Every citizen has a
responsibility to develop a reasonable amount of scientific
literacy to be able to participate in the debates regarding sci-
ence, technology, and society.

The process of science we have just explored results in new
biological discoveries every day. In the next section, we intro-
duce broad themes that you will encounter throughout your
study of life.

B How do science and technology interact?
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