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Preface

So much biology, so little time! It’s the problem all biology
teachers face. How do we share the exciting progress in bi-
ology without crushing our students’ enthusiasm and cu-
riosity under an overload of information and vocabulary?
How do we interest students in biologys connections to
their own lives without neglecting basic biological concepts
every educated person should understand? The subtitle of
this textbook, Concepts and Connections, reflects the authors’
convictions as teachers and scientists. We believe that stu-
dents benefit more from developing and applying a frame-
work of general biological concepts than from memorizing
specific biological facts. We also believe that a conceptual
framework will mean more to students if they understand
its connections—how the ideas fit together and how they
relate to students’ lives. Many colleagues who share these
teaching values encouraged us to produce a new kind of
textbook; Biology: Concepts and Connections is our response.

Concept Modules Focus the Student
on Each Chapter’s Main Ideas

We created Biology: Concepts and Connections primarily to
serve college students who are not biology majors, although
it is also appropriate for courses that enroll both majors and
nonmajors. We have made difficult decisions in balancing
breadth and depth—hard choices about which topics to ex-
plain in greatest detail, and even harder choices about what
to leave out of the book. One trait of the best classroom
teachers is their skill at maintaining a focus on the big ideas
of biology even as they enrich their students’ understanding
of these key concepts by judiciously applying a layer of de-
tails and useful terminology. It is that teaching model we
adopted for Biology: Concepts and Connections.

Each chapter of this textbook consists of a series of con-
cept modules. The heading of a module—for example,
“Chemical cycles in our environment depend on bacte-
ria™—announces a concept we think students should un-
derstand. The modules text and illustrations support the
concept with explanation and evidence. The illustrations
were developed along with the text to teach the concept
in an integrated way. For example, if understanding the
concept involves learning about some sequential process,
such as how a cell builds a protein, then numbered steps
in the text correspond to numbers in the illustration. In class-
testing, students who described themselves as visual learn-
ers said that after they read a module heading, they next
studied the figure and then read the text to learn more

about the concept. Students who said they were verbal

learners read the text right after reading the module head-
ing, and then used the figure to reinforce what they had
read. No matter what the students learning style, the close
integration of text and art within a module will keep the
focus on the main concept. ‘

We realize from our classroom experience that “getting
lost in the forest because of the trees” is the major reason so
many biology students fail to develop a conceptual under-
standing of life. To the beginning student, each bit of infor-
mation seems equally important, and rote memorization is
the unfortunate result. This books concept modules will
help students structure what they learn into a hierarchical
scheme, where details and terms are clearly subordinate to
the main ideas they support. Moreover, each chapter is
structured to help students fit these ideas into an even
broader conceptual framework. The concept modules are
not isolated chunks of information, but are organized to
help students structure their study of biology. Transitional
statements and many transitional modules link the modules
into a unified lesson that builds on the chapter introduction.
In fact, a good way for a student to preview a chapter is to
read the introduction and then page through the rest of the
chapter to read the module headings. And after reading the
chapter, reviewing the module headings is a good way to re-
inforce the main points.

At the end of each chapter, students will find a summary
keyed to the modules, rephrasing the major ideas and di-
recting students to the appropriate places in the chapter
where they can work more on any concepts that are still
giving them trouble. In crafting chapters that keep students
focused on the main ideas instead of “getting lost in the for-
est,” we hope to help students develop study skills that will
serve them throughout their education.

Connections Provide Context

A conceptual framework is only as strong as its connec-
tions; without a context, even concepts are reduced to facts
to be memorized for the next exam. Biology: Concepts and
Connections helps students integrate what they learn into a
context synthesized from content connections (relation-
ships between different biological topics), evolutionary
connections, ecological connections, human connections,
interdisciplinary connections, and connections to science
as a process.

Content Connections A biology course can start with either
molecules or ecosystems (or anything in between) and
cover the same major concepts by the end of the course.
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Biology is cyclical. A textbook, however, is linear, its chap-
ters physically bound into a particular sequence. But in this
text, professors will find it remarkably easy to rearrange
chapter assignments to fit a variety of syllabi, including an
“ecology first” course. The book’s versatility is based on
content connections that place each field of biology into
broader context.

Because the biological level that is often most appealing to
students is the organism, we link all other levels, from mole-
cules to ecosystems, to whole organisms. To keep students
connected to organisms, each chapter begins with a natural
scene painted with words and pictures, an illustrated essay
generally concentrating on a particular organism and some-
thing interesting about the way it lives. This opening essay
sets a context for the chapter by using the organism to intro-
duce the topic at hand, as when the endothermic great white
shark introduces “Control of the Internal Environment”
(Chapter 25) or the garden spider with its web of silk protein
introduces “The Molecules of Cells” (Chapter 3). These chap-
ter introductions are among the places where the book
makes content connections that help students integrate the
biology they learn, regardless of the order in which they
study the chapters.

Evolutionary Connections The book’s strong organismal
context is complemented by evolutionary connections that
help students frame a historical view of biological diversity.
For example, we trace the structure and physiology of
plants in the evolutionary context of adaptation to the
problems of living on land. The evolutionary theme is a
unifying thread that runs through the entire book.

Ecological Connections Considering organisms as mem-
bers of populations, communities, and ecosystems makes
their evolutionary adaptations more meaningful for stu-
dents. For example, the diverse shapes, sizes, and colors of
flowers begin to make sense in the context of symbiotic re-
lationships with insects and other pollinators. Biology: Con-
cepts and Connections places organisms in their environmen-
tal context and builds the interdependence of life into the
student’s conceptual framework.

Human Connections  Students are most readily motivated
to learn biological concepts with which they can personally
identify—concepts related to issues of health, economic
survival, environmental quality, ethical values, and social
responsibility. This book connects biology to students’ lives
with over eighty application modules that apply the basic
concepts of chapters to health, social, and environmental
concerns. In addition, the text highlights biology relevance
in many of the chapter introductions (hereditary deafness
on Martha’s Vineyard in Chapter 13, for example) and con-
cept modules. And the learning aids at the end of each
chapter include “Science, Technology, and Society” ques-
tions that encourage students to integrate biology and its
implications into their world view. Biology: Concepts and
Connections is not a “human biology” text, but we believe
that linking concepts to human concerns makes biology
more interesting and significant to our students.
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Interdisciplinary Connections  Biology: Concepts and Connec-
tions views science as integral to a liberal education and fits
biology into the context of a students other courses.
Throughout human history, science and its applications
have evolved along with the rest of culture, its priorities
shaped in part by the changing interests and needs of soci-
ety. For example, the exploits of European explorers during
the sixteenth and seventeenth centuries helped make the
description and classification of biological diversity fash-
ionable. Conversely, science and technology have had a
profound impact on every other aspect of culture. The de-
velopment of agriculture, for instance, was a breakthrough
stage in the evolution of civilizations. Many of this books
chapter introductions, modules, and chapter-end questions
relate biology to the social sciences and humanities.

Connections to Science as a Process One of the most valu-
able contributions a biology course can make to students’
general education is to give them experience with the
power and limitations of the scientific process. Biology: Con-
cepts and Connections introduces science as a process in
Chapter 1 and illustrates how science works, with exam-
ples of key experiments and the historical development of
theories in many other chapters. The book also personal-
izes science with “Talking About Science” modules, short
profiles that feature influential scientists and reveal science
as a social activity of creative men and women rather than
an impersonal collection of facts. And many of the ques-
tions at the ends of chapters enable students to practice
critical thinking by applying some elements of the scientific
process: the development of testable hypotheses and the
critical evaluation of evidence for and against those hy-
potheses. Other chapter-end questions give students a
chance to explain biological concepts in their own words.
Writing about biology is a great way to learn the subject. In
fact, Biology: Concepts and Connections will work best for
students who participate actively in learning how biology is
connected to their lives.

¥ %ok

Long after students forget most of the specific facts and
terms of biology, they will be left with general impressions
and attitudes that formed during their semester or two in a
general biology course. We hope that Biology: Concepts and
Connections supports the instructor’s goals for sharing the
fun of biology. To help us do this even better in the next edi-
tion, we invite correspondence from students and instruc-
tors to:

Neil Campbell, Larry Mitchell, or Jane Reece

¢/o Neil Campbell

Department of Botany and Plant Sciences
University of California

Riverside, CA 92521



Supplements

Study Guide

Richard Liebaert, Linn-Benton Community College
Written by the author of Biology: Concepts and
Connections end-of-chapter study questions, this
study guide offers a variety of interactive exercises.

Instructor’s Guide

Fred Rhoades, Western Washington University
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Test Bank
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How to Use This Book

Chapter openers are your entry
into the chapter
i Most chapters begin with an organism
that is representative of the chapter’s main subject.
W Theillustrated introductory essay tells you about the way
the organism lives, its unique characteristics, and
how it interacts with its environment.
You will find references to the organism helping
toillustrate concepts later in the chapter.

animals have segmented bodies

v wented be
mnected by segment cluding iter be

hears nar » s evlvcdasan adaptaion hatids i movemen. The arl o Modules feature concepts
: nthe Each module focuses on a single concept
which is stated in the heading.
Use the concept headings as your “road
map” through the chapter.
To preview the chapter, read through the
headings before you start studying individual
modules.
& Modules are numbered for easy reference
and are never longer than two facing pages

B. Dragontly segmentation €. Segmentation In the human body

374



hales are the largest animals in the world. Few
other species, living or extinct, even approach
their great size. The humpback whale, shown in the pic-
tures here, is a medinm-sized member of the whale clan. It
can be 16 meters (53 ft) long and welgh up to 65,000 kg
(72 1ons), about as much as 70 midsize cars

It takes an enormous amount of food 10 support a 72-1on
animal. Humpback whales eat small fishes and crustaceans
called krill. The painting at the left shows a remarkable
technique they often use to corral food organisms before
gulping them in. Beginning about 20 meters below the
acean surface, a humpback swims slowly inan upward spi-
ral, blowing air bubbles as it goes. The rising hubbles form
a cylindrical screen, or “bubble net” Krill and fish inside
the bubble net swim away from the bubbles and bes

ome

concentrated in the center of the cylinder The whale then
surges up through the center of the net with its mouth
open, harvesting the catch in one giant gulp.

Humpback whales are filter feeders, meaning they strain
their food from seawater. Instead of eeth, these giants have
an array of brushlike plates called baleen on each side of
s

ir upper jaw: You can see the white, comblike baleen in
the open mouth of the whale in the photograph at the right
The baleen is used to sift food from the ocean. To start feed-
ing, a humpback whale opens its mouth, expands its throat
and takes a huge gulp of seawater. When its mouth closes,
the water squeezes out through spaces in the baleen, and a
mass of food is trapped in the mouth. The food ts then swal-
lowed whole, passing into the stomach, where digestion be-
gins. The humpbacks stomach can hold about half a ton of
food a1 7 iime, and in a typical diy, the animals digestive sys-
tem will process as much as 2 tons of krill and fish

The humpback and most other large whales are endan-
gered species, having been hunted almost to extinction for
meal and whale oil by the 1960s. Today, most nations

honor an international ban on whaling, and some species
are showing signs of recovery. Humpbacks still roam the

There are two kinds
of modules

I Blue-tabbed numbers identify
modules that present basic scientific concepts.

Nutrition and Digestion

and head south o br

Alaskan waters eight months later

In about four months, a humpback whale eats, digests,
-ton body active
for an entire year—a remarkable feat, and a fitting intro-
duction to this chapter on animal nurrition and digestion
We will return to the whale as we examine the diverse ways

and stores as fat enough food to keep its

that animals obtain and process nutrients

#  Red-tabbed numbers identify modules that

apply concepts to human issues. These include
“Talking About Science” modules—profiles
of men and women working in the world of
science. (You can see an example

onp. 288.)

Atlantic and Pacific oceans. They leed in polar regions dur-
ing summer months and migrate to warmer oceans to breed
when temperatures begin to fall. The photograph below
was taken during summer in Glacier Bay, Alaska. Food is so
abundant there that humpbacks harvest much more energy
than they burn each day. Much of the excess is stored as a
thick layer of fat, or blubber, just under their skin
summer of feasting, humpback whales leave Glacier Bay
eding and calving grounds off the
Hawatian Islands, some 6000 km (3600 mi) away. Living
off body fat, they eat little, if at all, until they return to

Altera

T dyms
tion as much as 10 other organisms. Like other ¢
we depend entirely on productivity by plants for our food
As omnivores, we eat both plant material and meat. When
we eal grain or fruits, we are primary consumers; when we
eat beef or other meat from herbivares,
consumers. When we eat fish like trout and salmon (which
eat insects and other small animals), we are tertiary or qua-
ternary consumers

The energy pyramid on the left below indicates energy
flow from primary producers 1o humans as vegetarians.
The energy in the producer trophic level comes from a cormn
crop. The pyramid on the right illustrates energy flow from
the same comn crop, with hum
eating cattle. These pyramids are generalized models, based
on the rough estimate that about 10% of the energy avail-
able in a trophic level appears at the next higher trophic
level. Thus, the pyramids indicate that the human popula-
tion has about ten times more energy avdilable to it when
people eat grain than when they process the same amount
of grain through another trophic level and eat grain-fed
beef. Put another way, the pyramids indicate that it takes
about 1en times more energy 1o feed the human popularion
when we eat meat than when we eat plants directly

s of energy flow apply to the human popula

umers,

ve are secondary

as second:

consumer

TROPHIC LEVEL

Secondary

36.11)W energy pyramid explains why meat is a luxury for humans

Actually, the 10% figure is high for energy flow involving
caule and hum: 1s, cattle expend a great
deal of the energy they take in on hear production—much
more than do ectotherms, such as grasshoppe:

ule 2

s. As endother

(see Mod-
ing for the energy loss in heat produ
actually take closer to 100 times more energy to

tion, it may
feed us on cattle
plants directly

d other mammals and birds)

Eating meat of anty kind is an expensive luxury, both eco-
nomically and environmentally. In many countries, people
cannot alford 1o buy much meat or their country cannot ai-
ford to produce it, and people are vegetarians by necessity
Whenever meat is eaten, producing It requires that more
land be cultivated, more water be used for trmgation, and
more chemical fentilizers and pesticides be applied 1o cre

P
an
5, meat consumption will become even

lands used for growing graun. It s likely that, as the hu
population exps
more of a luxury than it is today

The laws of thermodynamics and the fact that energy
does not cycle within ecosystems explain why the human
population has a limited supply of energy available to it We

tumn next 1o the subject of chemical putrients. all of which
differ from energy in that they follow cyclic pathways with
in ecosysiems

Hurnan

meat-¢

Producers

Food energy available to the human popuation at different trophic levels

and abiotic reservoirs

T

the

sun keeps most ecosystems supplied with energy, but
are no extraterrestrial sources of water or the other
chemical nutrients essential to life. Life, therefore, depends
on the recyeling of chemicals. In the next four modules,
we look at the cyclic movement ol four substances within
the biosphere: water, carbon, nitrogen, and phosphorus

In each case, we see that chemicals pass back and forth
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36.12 Chemicals are recycled between organic matter

between organic matter and the ablotic compoenents of
ecosystems. We call the part of the ecosystem where a
chemical accumulates or Is stockpiled outside of living or
ganisms an abiotie reservoir. The main abiotic reservoirs
are highlighted in white boxes in the figures. Lets begin
with the cycling of water




