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FROM LAB MATERIALS TO PRINT AND AUDIO TOOLS...
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This online tool includes 14 modules with 130 activities that give you virtual experience gathering
data and performing experiments through engaging simulations. Change parameters to see
what happens in each simulation, generate your own data, and write up results. Each experiment
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its own set of questions. With an easy-to-use design and unparalleled flexibility, Virtual Biology
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Cell Chemistry

Cell Division
Cell Membranes
Cell Respiration
Cell Structure
Ecology

Evolution
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Microscopy
Molecular Biology
Pedigree Analysis
Photosynthesis

Population Biology
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you study more efficiently.
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Preface

Welcome to an exploration of the diversity of life. The
main goal of this text is to guide you on a journey of
discovery about life’s diversity across levels ranging
from molecules to genes, cells to organs, and species
to ecosystems. Along the way, we will explore many
questions about the mechanisms underlying diversity
as well as the consequences of diversity for our own
species and for others.

At first glance, the riot of life that animates the
biosphere overwhelms the minds of many who try
to understand it. One way to begin to make sense of
this diversity is to divide it into manageable sections
on the basis of differences. In this book, we highlight
the divisions between plants and animals, prokaryotes
and eukaryotes, protostomes and deuterostomes, but
we also consider features found in all life forms. We
examine how different organisms solve the common
problems of finding nutrients, energy, and mates on
the third rock from our Sun. What basic evolutionary
principles inform the relationships among life forms
regardless of their different body plans, habitats, or life
histories? Unlike many other first-year biology texts,
this book has chapters integrating basic concepts such
as genetic recombination, the effects of light, nutri-
tion, and domestication across the breadth of life from
microbes to mistletoe to moose. As you read this book,
you will be referred frequently to other chapters for
linked information that expands the ideas further.

Evolution provides a powerful conceptual lens
for viewing and understanding the roots and history
of diversity. We will demonstrate how knowledge of
evolution helps us appreciate the changes we observe
in organisms. Whether the focus is the conversion of
free-living prokaryotes into mitochondria and chlo-
roplasts or the steps involved in the domestication
of rice, selection for particular traits over time can
explain the current condition.

We hope that Canadian students will find the sub-
ject of biology as it is presented here accessible and
engaging because it is presented in familiar contexts.
We have highlighted the work of Canadian scientists,
used examples of Canadian species, and referred to
Canadian regulations and institutions, as well as dis-
coveries made by Canadians.

Although many textbooks use the first few chap-
ters to introduce and/or review background informa-
tion, we have used the first chapters to convey the
excitement and interest of biology itself. Within the
centre of the book, we have placed important back-
ground information about biology and chemistry in
the reference section entitled The Chemical and Phys-
ical Foundations of Biology. These pages are distinct and
easy to find with their purple edges and have become

affectionately known as the “Purple Pages.” These
pages enable information to be readily identifiable and
accessible to students as they move through the text-
book rather than information that is tied to a particular
chapter. The purple background makes the pages easy
to find when you need to check a topic. This section
keeps background information out of the mainstream
of the text, allowing you to focus on bigger pictures.

The Organization of Matter

Any substance in the universe that has mass and
occupies space 15 defined as matter. The basic scien
tific concepts that expliin how matter (s organized
in biological systems are no different from those for
nonliving farms. of matter Lwing organisms are built

Elements and Compounds
All matter in the universe—anything that occupies
space and has mass—is composed of elements. An
element is a pure substance that cannot be broken
dow into simpler substances by ordinary chemical
or physical techriques. Ninety-two different elements
occur naturally on Earth, and more than 15 artificial
elements have been synthesized in the laboratory.
Living organisms are composed of about 25
elernents, with only 4—carbon, hydrogen. oxygen,
and nitrogen—accounting for more than 96% of the
weight-of living organisms. Seven other elements—
calcium, phosphorus, potassium, sulphur, sodium,
chlorine, and magnesium—contribute most of the
remaining 4%. Nine additional elements occur in
organisms in quantities so small (<0.01%) that they
are knawn as trace slements. The proportions by
mass of different elements differ markedly in sea-
water, the human body, a fruit, and Earth's crust

from the same chemistry building blocks as narliving
systems and abide by the same laws of chemistry
Because of this, & basic understanding of these chem
5ty principles is important for our understariding of
how biological systems operate

Molecules whose component atoms are different
(such as carbon dioxide) are called compounds. The
chemical and physical properties of compounds are
typically distinct from those of their atoms or ele.
ments. For example, we all know that water is a liquid
at room temperature. We also know that water does
not burn. However, the properties of the individual
clements of water—hydrogen and oxygen—are quite
different. Hydrogen and oxygen are gases at roam
temperature, and both -are highly reactive.

Atoms combined chemically in fixed numbers
and ratios form the molecules of living and non
living matter. For example, the oxygen we breathe is
a molecule formed from the chemical combination of
1wa oxygen atoms, a molecule of the carbon dioxide
that we exhale contains one carbon atom and two
oxygen atoms. Because carbon dioxide is a molecule
consisting of different elements, it is referred to as a
compound

Percentage Composition

Seawater Human Pumpkin Earth's crust

Oxgen
arben
Hydrogen

In addition to presenting material about biology,
this book also makes a point of highlighting particular
people, important molecules, interesting contexts, and
examples of life in extreme conditions. Science that
appears in textbooks is the product of people who have
made careful and systematic observations, which led
them to formulate hypotheses about these observations
and, where appropriate, design and execute experiments
to test these hypotheses. We illustrate this in each chapter
with boxed stories about how particular people have used
their ingenuity and creativity to expand our knowledge of
biology. We have endeavoured to show not just the sci-
ence itself but also the process behind the science.

Although biology is not simply chemistry, specific
chemicals and their interactions can have dramatic
effects on biological systems. From water to proges-
terone, amanitin, and DDT, each chapter features the
activity of a relevant chemical.

viii
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pe ol Relaxin

To help frame the material with an engaging con-
text, we begin each chapter with a section called “Why
It Matters.” In addition, several chapters include
boxed accounts of organisms thriving “on the edge” at
unusual temperatures, pressures, radiation dosages,
salt concentrations, etc. These brief articles explain
how our understanding of “normal” can be increased
through study of the “extreme.”

Examining how biological systems work is
another theme pervading this text and underlying the
idea of diversity. We have intentionally tried to include
examples that will tax your imagination, from sea
slugs that steal chloroplasts for use as solar panels,
to hummingbirds fuelling their hovering flight, to
adaptive radiation of viruses. In each situation, we
examine how biologists have explored and assessed
the inner workings of organisms from gene regula-
tion to the challenges of digesting cellulose.

. University of New Brunswick

i e Figune 1) 50 et

Solving problems is another theme that runs
through the book. Whether the topic is gene therapy to
treat a disease in people, increasing crop production,
or conserving endangered species, both the problem
and the solution lie in biology. We will explore large
problems facing planet Earth and the social implica-
tions that arise from them.

Science is by its nature a progressive enterprise
in which answers to questions open new questions for
consideration. Each chapter presents unanswered ques-
tions as well as questions for discussion to emphasize
that biologists still have a lot to learn—topics for you to
tackle should you decide to pursue a career in research.

“Study Breaks” occur after each section in the
chapters. They contain questions written by students to
identify some of the important features of the section.
The answers are embedded in the “Review” section at
the end of each chapter. Also included at the end of
each chapter is a group of multiple-choice self-test ques-
tions, the answers to which can be found at the end of
the book. “Questions for Discussion” at the end of each
chapter challenge you to think more broadly about
biology. You are encouraged to use these in discussions
with other students and to explore potential answers by
using the resources of the electronic library.

To maximize the chances of producing a useful
text that draws in students (and instructors), we sought
the advice of colleagues who teach biology (members of
the Editorial Advisory Board). We also asked students
(members of the Student Advisory Boards) for their advice
and comments. Both groups read draft chapters and pro-
vided valuable feedback, but any mistakes are ours. The
members of the Student Advisory Boards also wrote the
Study Break questions found throughout the text.

We hope that you are as captivated by the biolog-
ical world as we are and are drawn from one chapter to
another. But don't stop there—use electronic resources
to broaden your search for understanding.

- Rate of Evolutionary Change
i

18.8 Geography of Speciation

Geog
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Supplementary Materials

An extensive array of supplemental materials is avail-
able to accompany this text. These supplements are
designed to make teaching and learning more effective.
For more information on any of these resources, please
contact your local Nelson Education sales representative
or call Nelson Education Limited Customer Support at
1-800-268-2222.

Instructor Resources

These resources are available to qualified adopters.
Please consult your local Nelson Education sales repre-
sentative for details.

Instructor’s Resource DVD
The Instructor’s Resource DVD contains the following
resources:

Instructor’s Resource Manual

The Instructor’s Resource Manual for this First
Canadian Edition has been dramatically revised by
Tanya Noel, Tamara Kelly, and Julie Clark from York
University to include tips on teaching using cases as
well as suggestions on how to present material and
use technology and other resources effectively, inte-
grating the other supplements available to both stu-
dents and instructors. This manual doesn’t simply
reinvent what’s currently in the text; it helps the
instructor make the material relevant and engaging to
students.

ExamView® Computerized Test Bank

Create, deliver, and customize tests (both print
and online) in minutes with this easy-to-use assess-
ment and tutorial system. ExamView® offers both
a Quick Test Wizard and an Online Test Wizard that
guide you step-by-step through the process of cre-
ating tests, while its “what you see is what you get”
capability allows you to see the test you are creating
on the screen exactly as it will print or display online.
You can build tests of up to 250 questions using up to
12 question types. Using Exam View’s complete word-
processing capabilities, you can enter an unlimited
number of new questions or edit existing questions.

Nelson Education Testing Advantage

Nelson Education
Testing Advantage

In most postsecondary courses, a large percentage
of student assessment is based on multiple-choice
testing. Many instructors use multiple-choice testing
reluctantly, believing that it is a methodology best
used for testing what a student remembers rather than
what she or he has learned.

Nelson Education Ltd. understands that a good-
quality multiple-choice test bank can provide the

means to measure higher level thinking skills as well as
recall. Recognizing the importance of multiple-choice
testing in today’s classroom, we have created the
Nelson Education Testing Advantage program (NETA)
to ensure the value of our high-quality test banks.

The Test Bank to accompany Biology, adapted by
Ivona Mladenovic of Simon Fraser University and lan
Dawe of Selkirk College, offers the Premium Nelson
Education Testing Advantage. NETA was created in
partnership with David DiBattista, a 3M National
Teaching Fellow, professor of psychology at Brock
University, and researcher in the area of multiple-
choice testing. NETA ensures that subject-matter
experts who author test banks have had training in two
areas: avoiding common errors in test construction
and developing multiple-choice test questions that “get
beyond remembering” to assess higher level thinking.
In addition, Professor DiBattista confirms the subject-
matter expert’s understanding of and adherence to the
NETA principles through a review.

All Premium NETA test banks include David
DiBattista’s guide for instructors, “Multiple Choice
Tests: Getting Beyond Remembering.” This guide has
been designed to assist you in using Nelson test banks
to achieve your desired outcomes in your course.

Customers who adopt a Premium Nelson Edu-
cation Testing Advantage title may also qualify for
additional faculty training opportunities in multiple-
choice testing and assessment. Please contact your
local Nelson Education sales and editorial representa-
tive for more details about our Premium NETA.

Microsoft PowerPoint® Slides This one-stop
lecture tool makes it easy to assemble, edit, publish,
and present custom lectures. Adapted by Jane Young
of the University of Northern British Columbia, this
resource brings together text-specific lecture out-
lines, art, video, and animations, culminating in a
powerful, personalized, PowerPoint® presentation.

Also included on the Instructor’s Resource DVD
are Word files of the Test Bank, as well as a full Image
Bank of the art and photos from the text book. ISBN:
978-0-17-647529-1.

Student Resources

Study Guide

The Study Guide for the First Canadian Edition
has been adapted by Colin Montpetit of the University
of Ottawa, Julie Smit of the University of Windsor, and
Wendy J. Keenleyside of the University of Guelph. The
Study Guide contains unique case studies to integrate
the concepts within the text, study strategies, interac-
tive exercises, self-test questions, and more. ISBN:
978-0-17-647474-4.

CengageNOW™ CENGAGENOW"
—

CengageNOW Personalized Study is a diagnostic tool
(featuring a chapter-specific Pretest, Study Plan, and
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Post-test) that empowers students to master concepts,
prepare for exams, and be more involved in class.
Results to Personalized Study provide immediate and
ongoing feedback regarding what students are mas-
tering and why they’re not to both the instructor and
the student. Cengage NOW Personalized Study links to
an integrated eBook so that students can easily review
topics and also contains animations, links to web-
sites, videos, and more as part of their Study Plan.
CengageNOW has been adapted by Dora Cavallo-
Medved, University of Windsor; Todd Nickle, Mount
Royal College; and Edward Andrews, Sir Wilfred
Grenfell College.

CengageNOW with Premium eBook

Want to take your biology experience to the next
level? Our Premium eBook allows students access to
an integrated, interactive learning environment with
advanced learning tools and a user interface that
gives students control over their learning experience.
CengageNOW Personalized Study is included with
the Premium eBook for the ultimate online study
experience.

Joinln™ on TurningPoint® e
Transform your lecture into an interactive student
experience with JoinIn™. Combined with your choice

of keypad systems, Joinln turns your Microsoft®
PowerPoint® application into audience response
software. With a click on a handheld device, students
can respond to multiple-choice questions, short polls,
interactive exercises, and peer-review questions. You
can also take attendance, check student comprehen-
sion of concepts, collect student demographics to
better assess student needs, and even administer
quizzes. In addition, there are interactive text-specific
slide sets that you can modify and merge with any of
your own PowerPoint® lecture slides. These have
been adapted by Jane Young of the University of
Northern British Columbia and contain poll slides and
pre- and post-test slides for each chapter in the text.
This tool is available to qualified adopters at http://
www.turningtechnologies.com/.

Students and Instructors

Visit the website to accompany Biology: Exploring
the Diversity of Life, First Canadian Edition, at http://
biologyedl.nelson.com. This website contains quizzes,
flashcards, weblinks, and more.

NEL
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Using This Book

The following are things you will
need to know in order to use this
text and prosper in Biology.

Names

What's in a name? People are very
attached to names—their own
names, the names of other people,
the names of flowers and food
and cars, and so on. It is not sur-
prising that biologists would also
be concerned about names. Take,
for example, our use of scientific
names. Scientific names are always
italicized and Latinized.

Castor canadensis Kuhl is the
scientific name of the Canadian
beaver. Castor is the genus name,
canadensis is the species name, and
Kuhl is the name of the person who
described the species. “Beaver” by
itselfis not enough because there is
a European beaver, Castor fiber, and
an extinct giant beaver, Castoides
ohioensis. Furthermore, common
names can vary from place to place
(Myotis lucifugus is sometimes
known as the “little brown bat” or
the “little brown myotis”).

Biologists prefer scientific
names because the name (Latinized)
tells you about the organism. There
are strict rules about the deriva-
tion and use of scientific names.
Common names are not so restricted,
so they are not precise. For example,
in Myotis lucifugus, Myotis means
mouse-eared and lucifugus means
flees the light; hence, this species is a
mouse-eared bat that flees the light.

Birds can be an exception. There
are accepted “standard” common
names for birds. The American
robin is Turdus migratorius. The
common names for birds are usu-
ally capitalized because of the stan-
dardization. However, the common
names of mammals are not capital-
ized, except for geographic names
or patronyms (geographic = named
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after a country; patronym = named
after someone; e.g., Canadian beaver
or Ord’s kangaroo rat, respectively).

Although a few plants that
have very broad distributions may
have accepted standard common
names (e.g., white spruce, Picea
glauca), most plants have many
common names. Furthermore, the
same common name is often used
for more than one species. Several
species in the genus Taraxacum
are referred to as “dandelion.” It
is important to use the scientific
names of plants to be sure that it is
clear exactly which plant we mean.
The scientific names of plants also
tell us something about the plant.
The scientific name for the weed
quack grass, Elymus repens, tells
us that this is a type of wild rye
(Elymus) and that this particular
species spreads or creeps (repens =
creeping). Anyone who has tried
to eliminate this plant from their
garden or yard knows how it creeps!
Unlike for animals, plant-naming
rules forbid the use of the same
word for both genus and species
names for a plant; thus, although
Bison bison is an acceptable scien-
tific name for buffalo, such a name
would never be accepted for a plant.

In this book, we present the sci-
entific names of organisms when
we mention them. We follow stan-
dard abbreviations; for example,
although the full name of an
organism is used the first time it is
mentioned (e.g., Castor canadensis),
subsequent references to that same
organism abbreviate the genus
name and provide the full species
name (e.g., C. canadensis).

In some areas of biology, the
standard representation is of the
genus, for example, Chlamydo-
monas. In other cases, names are
so commonly used that only the
abbreviation may be used (e.g., E.
coli for Escherichia coli).

Units

The units of measure used by
biologists are standardized (metric
or SI) units, used throughout the
world in science.

Definitions

The science of biology is replete
with specialized terms (sometimes
referred to as “jargon”) used to
communicate specific information.
It follows that, as with scientific
names, specialized terms increase
the precision with which biologists
communicate among themselves
and with others. Be cautious about
the use of terms because jargon can
be a veneer of precision. When we
encounter a “slippery” term (such
as species or gene), we explain why
one definition for all situations is
not feasible.

Time

In this book, we use c.t. (Common
Era) to refer to the years since year
1 and B.c.E. (Before the Common
Era) to refer to years before that.

Geologists think of time over
very long periods. A geologic time
scale (see Table 1.1) shows that the
age of Earth could be measured
in years, but it's challenging to
think of billions of years expressed
in days (or hours, etc.). With the
advent of using the decay rates of
radioisotopes to measure the age
of rocks, geologists adopted 1950
as the baseline, the “Present,”
and the past is referred to as s.p.
(“Before Present”). A notation of
30 000 years B.r. (1*C) indicates
30 000 years before 1950 using the
1C method of dating.

Other dating systems are also
used. Some archaeologists use
PPNA (PrePottery Neolithic A,
where A is the horizon or
stratum). In deposits along the
Euphrates River, 11 000 PPNA
appears to be the same as 11 000
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B.p. In this book, we use B.C.E.
or B.P. as the time units, except
when referring to events or
species from more than 100 000
years ago. For those dates, we
refer you to the geologic time
scale (see Table 1.1 on page xiv).

Sources

Where does the information pre-
sented in a text or in class come
from? What is the difference
between what you read in a textbook
or an encyclopedia and the material
you see in a newspaper or tabloid?
When the topic relates to science,
the information should be based on
material that has been published in
a scholarly journal. In this context,
“scholarly” refers to the process of
review. Scholars submit their man-
uscripts reporting their research
findings to the editor (or editorial
board) of a journal. The editor, in
turn, sends the manuscript out for

comment and review by recognized
authorities in the field. The process
is designed to ensure that what
is published is as accurate and
appropriate as possible. The review
process sets the scholarly journal
apart from the tabloid.

There are literally thousands of
scholarly journals, which, together,
publish millions of articles each
year. Some journals are more influ-
ential than others, for example,
Science and Nature. These two
journals are published weekly and
invariably contain new informa-
tion of interest to biologists.

To collect information for this
text, we have drawn on published
works that have gone through the
process of scholarly review. Specific
references (citations) are provided,
usually in the electronic resources
designed to complement the book.

A citation is intended to make
the information accessible. Although
there are many different formats for
citations, the important elements

include (in some order) the name(s)
of the author(s), the date of publi-
cation, the title, and the publisher.
When the source is published in a
scholarly journal, the journal name,
its volume number, and the pages
are also provided. With the citation
information, you can visit a library
and locate the original source. This
is true for both electronic (virtual)
and real libraries.

Students of biology benefit
by making it a habit to look at
the most recent issues of their
favourite scholarly journals and
use them to keep abreast of new
developments.

M. Brock Fenton
Heather Addy
Denis Maxwell
Tom Haffie

Ken Davey

London, Calgary and Toronto
February 2009
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