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The origin of this book remains deeply rooted in our concern 
for the education of college students in the field of biology. 
We believe that large, thick books intimidate introductory- 
level students who are already anxious about taking science 
courses. With each edition, we have worked hard to provide 
a book that is useful, interesting, and engaging to students 
while introducing them to the core concepts and current state 
of the science.

The Fourteenth Edition
There are several things about the fourteenth edition of 
C o n c e p ts  in  B io lo g y  that we find exciting. This revision, as 
with previous editions, is very much a collaborative effort. 
When we approach a revision, we carefully consider com­
ments and criticisms of reviewers and discuss how to address 
their suggestions and concerns. As we proceed through the 
revision process, we solicit input from one another and we 
critique each other’s work. This edition has several significant 
changes.

Opening Chapter Vignette
Nearly all of the chapter-opening vignettes are new. Each 
vignette is intended to draw the students into the chapter by 
showing how the material is relevant to their lives. To help 
meet this goal the vignettes have beer%Rti?signed to resemble 
a magazine layout to draw the attention of the reader.

Concept Review
In this edition, each major numbered heading ends with a 
Concept Review feature, which consists of a series of ques­
tions that probe the reader’s level of understanding of the 
material in the section. The purpose of this feature is to 
encourage the reader to review the material in the section if 
he or she cannot answer the questions.

Enhanced Visuals and Page Layout 
The visual elements of a text are extremely important to the 
learning process. Over 1.50 figures are new or have been 
modified. The purpose of these changes is to more clearly 
illustrate a concept or show examples of material discussed in 
the text.

Major Content Changes
Chapter 1 What Is Biology?

• Section 1.1, “Why the Study of Biology Is Important,” 
and material in Section 1.2, “Cause-and-Effect Rela­
tionships,” and “The Scientific Method” have been 
rewritten to better communicate these concepts.

• The material in Section 1.4 entitled “What Makes 
Something Alive?" has been reordered to present a more 
logical progression of ideas. Also in Section 1.4, “The 
Levels of Biological Organization and Emerging Prop­
erties” section has been rewritten and now includes the 
concept i f  emerging properties. In addition, “The 
Consequences of Not Understanding Biological Prin­
ciples” has a new introduction designed to present the 
concept of selective acceptance of scientific evidence.

Chapter 2 The Basics of Life: Chemistry

• Section 2.1 “Matter, Energy, and Life” was rewritten 
to consolidate the introductory material on basic 
chemistry.

Chapter 3 Organic Molecules—The Molecules of Life

• New material in the section on proteins presents the 
concept of chaperone proteins.

Chapter 4 Cell Structure and Function

• There is a new section, “Basic Cell Types,” that intro­
duces the characteristics that are unique to eukaryotic 
and noneukaryotic cells. It also presents the most cur­
rent thoughts on the evolution and relationships 
among the Bacteria, Archaea, and Eucarya.

• There is a new section on the two groups o f membrane 
proteins involved in facilitated diffusion: (a) carrier 
proteins and (b) ion channels.

• A new diagram illustrates how all living things ar: 
classified.

Chapter 6 Biochemical Pathways— Cellular Respiration

• There are new summary presentations for each por­
tion of cellular respiration, as suggested by reviewer* 
comments.

xvi
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• There are several new figures and flow charts to 
enhance student understanding of these very complex 
pathways.

Chapter 7 Biochemical Pathways—Photosynthesis

• There are new summary presentations for each 
portion o f photosynthesis suggested by reviewers’ 
comments.

• There are several new figures and flow charts to 
enhance student understanding of these very complex 
pathways.

Chapter 8 DNA and RNA: The Molecular Basis of Heredity

• Sections 8.1, “DNA and the Importance of Proteins,” 
and 8.2, “DNA Structure and Function,” have been 
rewritten.

• There is a new section on epigenetics.
• Section 8.4, “Protein Synthesis,” has been rewritten.
• There are new presentations on sickle cell anemia and 

other genetic abnormalities.

Chapter 9 Cell Division—Proliferation and Reproduction

• A new section on epigenetics and cancer was added.

Chapter 11 Applications of Biotechnology

• Information on genetically modified organisms has 
been extensively revised.

Chapter 14 The Formation of Species and Evolutionary Change

• New information is presented on Ida, D a r w in iu s  
m a s i l l a e ,  and her probable place in human evolution.

• Information on the proposed new species (hobbit) 
from Indonesia has been made current.

• A new table on primate classification has been added.
• There is a new section that discusses the recently pub­

lished information about A r d ip i th e c u s .

Chapter 16 Comm unity Interactions

• Thy material on the nature of biomes has been 
enhanced with additional photos and climographs to 
better illustrate the nature of each biome.

• .Anew section entitled “Modem Concepts of Succession 
and Climax” was added.

Chapter 17 Population Ecology

• The section on gene flow and gene frequency 
reorganized.

• New material on the random and dumped distribu­
tion in populations was a c c .c  t the text.

Chapter 1.9 The Origin of Life and the Evolution of Cells

• Section 19.3, “The ‘Big Bang’ and the Origin of the 
Earth,” has new subheadings to help the reader follow 
the discussion.

• Section 19.4, “The Chemical Evolution of .Life on 
Earth,” was substantially reorganized and rewritten.

• Section 19.5, “Major Evolutionary Changes in Early 
Cellular Life,” has had major sections rewritten.

• Table 19.1, “Summary of Characteristics of the Three 
Domains of Life,” was rewritten and placed later in the 
chapter.

• Section 19.6, “The Geologic Timeline and the Evolution 
of Life,” was rewritten to include new information, bet­
ter sequencing of information, and more subheadings to 
aid the reader in following the discussion.

Chapter 20  The Classification and Evolution of Organisms

• The section on Archaea was substantially rewritten to 
include the latest information on the variety of kinds 
of Archaea found in oceans and soil.

Chapter 21 The Nature of Microorganisms

• Section 21 .1 , “W hat Are Microorganisms?” was sub­
stantially rewritten.

• The section on control of bacterial population 
now includes discussion of methicillin resistant 
S t a p h y lo c o c c u s .

• The section oil Archaea was substantially rewritten to 
include recent understanding of the nature of Archaea 
diversity.

• The section on Fungi has additional information on 
the classification of fungi and clarification on the 
meaning of yeast, mold, and mildew.

Chapter 23 The Animal Kingdom

• The section on body cavities was substantially rewritten.
• Section 23.6, “Primitive Marine Animals,” was sub­

stantially rewritten.
• Section 23.10, “Mollusca,” was substantially rewritten.
• The section on terrestrial arthropods was substantially 

rewritten.

Chapter 24 Materials Exchange in the Body

• The sections on white blood cells, platelets, and 
plasma were rewritten.

Chapter 25 Nutrition: Food and Diet

• Throughout the chapter when food calories are being 
discussed the term C a lo r i c  is used rather than 
k i l o c a l o r i e .

flo 33 St i f f -
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• There has been a major reorganization of the material.
• The old section 25.7, “Deficiency Diseases,” has been 

eliminated and much of the material in the section has 
been moved to parts of the chapter dealing with pro­
tein metabolism, vitamins, and minerals.

• Section 25.2, “Kinds of Nutrients and Their Function,” 
has been reorganized with subheadings that highlight 
the nature and function of nutrients, how the body 
manages the nutrients, and other factors that are 
important to nutrition. Much new material was added.

• Tables 25.1 , “Sources of Essential Amino Acids,” 25.2, 
“Sources and Functions of Vitamins,” and 25.3, 
“Sources and Functions of Minerals,” have been 
updated and reorganized to help the reader see the 
significance of the nutrients.

• Material on discretionary Calories was added to the 
exercise portion of the Food Guide Pyramid discussion.

• The sections on body mass index and weight control 
were integrated into the section on obesity.

• Section 25.6, “Eating Disorders,” has been completely 
rewritten.

• Section 25.8, “Nutrition for Sports and Fitness,” has 
been substantially rewritten.

Chapter 26 The Body’s Control Mechanisms and Immunity

• The section on negative and positive feedback was 
rewritten.

• Table 26.2 on inflammation was reorganized.
• Table 26.3 on classes of antibodies was reorganized.
• A new heading, “Immune System Diseases,” now 

includes discussion of allergies, autoimmune diseases, 
and immunodeficiency diseases, which were previ­
ously discussed in different sections.

Chapter 27 Human Reproduction, Sex, and Sexuality

• A new section 27.2, “The Sexuality Spectrum,” includes 
a reorganized discussion of intersexual anatomy, trans­
sexual behavior, and homosexuality.

• A new section 27.3, “Components of Sexual Behavior,” 
now discusses sexual attraction, foreplay, and intercourse.

• The section on  contraception was significantly reorga­
nized and rewritten.

V ' v "
Other Significant Changes
Thirty-seven new boxed readings have been added or substi­
tuted for boxed readings that had become dated:

HOW SCIENCE WORKS 2.2: Greenhouse Gases and Their 
Relationship to Global Warming

HOW SCIENCE WORKS 3.1: Organic Compounds: Poisons 
to Your Pets!

OUTLOOKS 3.2: So You Don’t Eat Meat! How to Stay 
Healthy

OUTLOOKS 3.3: What Happens When You Deep-Fry 
Food?

HOW SCIENCE WORKS 4.2: Cell Membrane Structure 
and Tissue Transplants

HOW SCIENCE WORKS 5.1: Don’t Be Inhibited— Keep 
Your Memory Alive

HOW SCIENCE WORKS 7.1: Solution to Global Energy- 
Crisis Found in Photosynthesis?

HOW SCIENCE WORKS 8.1: Scientists Unraveling'the 
Mystery of DNA

OUTLOOKS 8.1: Life in Reverse— Retroviruses 
OUTLOOKS 8.3: One Small Change— One Big Difference! 
HOW SCIENCE WORKS 9.1: The Concepts of Home­

ostasis and Mitosis Applied
OUTLOOKS 11.1: The First DNA Fingerprint in a 

Criminal Case
OUTLOOKS 12.1: Your Skin Color, Gene Frequency 

Changes, and Natural Selection
OUTLOOKS 13.2: Genetic Diversity and Health Care 
OUTLOOKS 14.1: Evolution and Domesticated Cats 
OUTLOOKS 15.1: Changes in the Food Chain of the 

Great Lakes
OUTLOOKS 15.2: Dead Zones 
HOW SCIENCE WORKS 15.1: Scientists Accumulate 

Knowledge About Climate Change
HOW SCIENCE WORKS 16.1: Whole Ecosystem 

Experiments
OUTLOOKS 16.1: Varzea Forests—Seasonally Flooded 

Amazon Tropical Forests
OUTLOOKS 17.1: Marine Turtle Population Declines 
HOW SCIENCE WORKS 18.1: Males Raised the Young 

in Some Species of Dinosaurs
HOW SCIENCE WORKS 19.1: The Oldest Rocks on Earth 
HOW SCIENCE WORKS 20.1 : New Information Causes 

Changes in Taxonomy and Phylogeny
OUTLOOKS 20.1: A Bacterium That Controls Animal 

Reproduction
HOW SCIENCE WORKS 21.1: Flow Many Microbes Are 

There?
OUTLOOKS 21.1: Food Poisoning/Foodborne Illness/ 

Stomach Flu
OUTLOOKS 21.3 : The Marine Microbial Food Web 
HOW SCIENCE WORKS 22.1 : Using Information from 

Tree Rings
OUTLOOKS 23.1 : The Problem of Image 
ITOW SCIENCE WORKS 23 .1 : Genes, Development, 

and Evolution
OUTLOOKS 24.1 : Blood Doping 
OUTLOOKS 24.2: Newborn Jaundice 
OUTLOOKS 25.3: Muscle Dysmorphia 
OUTLOOKS 25 .5 : Nutritional Health Products and 

Health Claims
OUTLOOKS 26.1: The Immune System and Transplants 
OUTLOOKS 27.2: Causes of Infertility
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Features
Opening Vignette The vignette is designed to pique 
students’ interest and help them recognize the application and 
relevance of the topics presented in each chapter. The four­
teenth edition also introduces bulleted questions for further 
reflections.

—Chapter Outline At the opening of each chapter, the 
outline lists the major headings in the chapter, as well as the 
boxed readings.

Background Check;, The Background Check lists the 
key concepts students should already understand to get the 
most out of the chapter. Chapter references are included for 
review purposes.

Concepts. v<w should already know i.. pci the япы out of this chapter:
*  Sho if f.W '.t ways dint як , i tract *ilh а :н  ш к Ь м  Ahajnei .’ !

'Ч& * Нол' afeuits and »»><\uVv bond together (chapter -?.!
* : Ilhe varicQ'of shapes protein» car- lake (chapter dl
* The molecular structure of ceifub.r membranes c'chanrer 4 >

Quality Visuals The line drawings and photographs illus­
trate concepts or associate new concepts with previously mas­
tered information. Every illustration emphasizes a point or 
helps teach a concept.

—Topical Headings Throughout each chapter, headings 
subdivide the material into meaningful sections that help 
readers recognize and organize information.
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•>» the foesĈ »: (::1<у>чП:к:> char i.ikr pixsc

hvarioo. ^  ** * 5UW“~r

Defining Community Bour-darlt's 

Jilii-n.-vi flw bwiiliiii» -.4 :bs 1ЯЖММЯЙУ t.. :a >r*be4. 

miiiia? masa boerndaric* (figure f o.ii. "1 Hr waters edgv

naiuraicY defines tk: fittut» of ihu siuannuoiy. sit would 
e>.f-ect :»fine uerta-л »»>::»!< :««1 fdwis fiv-пц »i the jxuol.

m :»h, fy«$s. .«ij.Js. «чкек, afjxe, j,-»>»;lw<sil*. lueiena. 
and mufti. fail you mi-M мк :<t this (*<««, What afa<v? lia- 
puu;s snd ancuafs ihar five яг Уле waters en>v; Are they past 
M ehc pood totiuueiiffyf Or sba- about great Who hem»»

li.is contnuuuy ihe ihirki rhai spouJ the Jiisihr hnr ftv off ui 
hasi cla'ivherr Junr.y rbft day? Should ill; vk4*f filar l.oliiel w 
(he p.>::J ie vinyl: ai rtiwfc he Hreiudaf? VPlui originally

ihe yomr of rfii* •fisoirsioe is' tiiar ail eontottmuy bound* 
ant* are arrsheiai. However, debiting iaamefariov—t-sen if



XX Preface

How Science Works and Outlooks Each of these (--Thinking Critically This feature gives students 
boxed readings was designed to catch readers’ interest by pro­
viding alternative views, historical perspectives, or interesting 
snippets of information related to the content of the chapter.

opportunity to think through problems logically and arrive i  
conclusions based on the concepts presented in the chapters

Page-Referenced K e y  Terms A list of page-rcfcren. 
key terms in each chapter helps students identify the voc.i 
ary they need to understand the concepts and ideas preser.: 

in the chapter. Definitions,.are found in the glossary at the 
of the text. Students can practice learning key terms w 
interactive flash cards at W4vw.mhhe.com/engerl4e.
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- Ic-cept Review Questions At the end of each num- 
tt-'cd section of the text there are review questions that help 
>:_^ents assess their understanding of the material. Concept 
review questions are answered at www.mhhe.com/engerl4e.

1. What is the difference between a catalyst anti an 
enzyme?

2. How do enzymes increase the rate of a chemical 
reaction?

Sasic Review Questions Students can assess their know­
ledge by answering the basic review questions. The answers 
to the basic review questions are given at the end of the ques- 
: n set so students can get immediate feedback.

Teaching and Learning Tools
McGraw-Hill Higher Education and Blackboard® 
have teamed up

Blackboard, the Web-based 
course-management system, 
has partnered with McGraw- 
Hill to better allow students 
and faculty to use online 
materials and activities to 
complement face-to-face 
teaching. Blackboard fea­

tures exciting social learning and teaching tools that foster 
юге logical, visually impactful and active learning opportuni- 

:xs for students. You’ll transform your closed-door classrooms 
into communities where students remain connected to their 
educational experience 24 hours a day.

Blackboard

Do More

This partnership allows you and your students access to 
McGraw-Hill’s Connect™ and Create™ right from within 
your Blackboard course-all with one single sign-on.

Not only do you get single sign-on with Connect and 
Create, you also get deep integration of McGraw-Hill content 
and content engines right in Blackboard. Whether you’re 
choosing a book for your course or building Connect assign­
ments, all the tools you need are right where you want 
them— inside of Blackboard.

Gradebooks are now seamless. When a student com­
pletes an integrated Connect assignment, the grade for that 
assignment automatically (and instantly) feeds your Blackboard 
grade center.

McGraw-Hill and Blackboard can now offer you easy 
access to industry leading technology and content, whether 
your campus hosts it, or we do. Be sure to ask your local 
McGraw-Hill representative for details.

McGraw-Hill Connect™ Biology
..I www.mhhe.com/engerl4e

(  £  /I  |f [ H \  I M cGraw-Hill Connect
, Biology provides online
i BIOLOGY ■s presentation, assignment,

and assessment solutions. It connects your students with the 
(tools arid resources they’ll need to achieve success.

With Connect Biology you can deliver assignments, quiz­
zes, and tests online. A robust set of questions and activities 
are aligned with learning outcomes. As an instructor, you can 
edit existing questions and author entirely new problems. You 
can also track individual student performance— by question, 
assignment, or in relation to the class overall— with detailed 
grade reports. Integrate grade reports easily with Learning 
Management Systems (I,MS), such as WebCT and Blackboard.

ConnectPlus™ Biology provides students with all the 
advantages of Connect Biology, plus 24/7 online access to an 
eBook. This media-rich version of the book is available 
through the McGraw-Hill Connect platform and allows 
seamless integration of text, media, and assessments.

To learn more, visit

www.mcgrawhillconnect.com

http://www.mhhe.com/engerl4e
http://www.mhhe.com/engerl4e
http://www.mcgrawhillconnect.com
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Create
With McGraw-Hill Create™, www.mcgrawhillcreate.com, you 
can easily rearrange chapters, combine material from other con­
tent sources, and quickly upload content you have written like 
your course syllabus or teaching notes. Find the content you 
need in Create by searching through thousands of leading 
McGraw-Hill textbooks. Arrange your book to fit your teaching 
style. Create even allows you to personalize your book’s appear­
ance by selecting the cover and adding your name, school, and 
course information. Order a Create book and you’ll receive a 
complimentary print review copy in .3-5 business days or a com­
plimentary electronic review copy (eConip) via email in minutes. 
Go to www.mcgrawhillcreate.com today and register to experi­
ence how McGraw-Hill Create™ empowers you to teach your 
students your way.

Animations for a Mew Generation 
Dynamic, 3D animations of key biological processes bring an 
unprecedented level of control to the classroom. Innovative 
features keep the emphasis on teachitig rather than entertaining.

• An options menu lets you control the animation’s level 
of detail, speed, length, and appearance, so you can 
create the experience you want.

• Draw on the animation using the white board pen to 
highlight important areas.

» The scroll bar lets you fast forward and rewind while 
seeing what happens in the animation, so you can start 
at the exact moment you want.

• A scene menu lets you instantly jump to a specific 
point in the animation.

• Pop ups add detail at important points and help stu­
dents relate the animation back to concepts from lec­
ture and the textbook.

• A complete visual summary at the end of the anima­
tion reminds students of the big picture.

• Animation topics include: Cellular Respiration, Photo­
synthesis, Molecular Biology of the Gene, DNA 
Replication, Cell Cycle and Mitosis, Membrane Transport, 
and Plant Transport.

Computerized Test Bank
A comprehensive computerized test bank powered by McGraw- 
Hill's flexible electronic testing program EZ Test Online. EZ 
Test Online allows you to create paper and online tests or quiz­
zes in this easy to use program! A new tagging scheme allows 
you to sort questions by Bloom’s difficulty level, topic, and sec­
tion of the book. Imagine being able to create and access your 
test or quiz anywhere, at any time, without installing the testing 
software. Now, with EZ Test Online, instructors can select 
questions from multiple McGraw-Hill test banks or author 
their own, and then either print the test for paper distribution 
or give it online.

Presentation Tools
Everything you need for outstanding presentations in one 
place!

www.mhhe.com/engerl 4e

Presentation Center
In addition to the images from your book, this online digital 
library contains photos, artwork, animations, and other 
media from an array of McGraw-Hill textbooks that can be 
used to create customized lectures, visually enhanced tests 
and quizzes, compelling course websites, or attractive printec 
support materials.

My Lectures—Tegrity
Tegrity Campus™ records and distributes your class lecture, 
with just a click of a button. Students can view your lectur; 
anytirne/anywhere via computer, iPod, or mobile device. It 
indexes as it records your PowerPoint presentations and any­
thing shown on your computer so students can use keywords 
to find exactly what they want to study. Tegrity is available as 
an integrated feature of McGraw-Hill Connect™ Biology or 
as a standalone.

Instructor's Manual
The Instructor’s manual contains an overview and a list o t  
goals and objectives for each chapter.

• FlexArt Im age PowerPoints® files include every piece 
of art from the text. The art has been sized and cropped 
to provide superior presentations. Labels can be edited 
and repositioned on figures. Tables, photographs, and 
unlabeled art pieces are also included.

• Lecture PowerPoint files with Animations— include 
animations that illustrate important processes embed­
ded in the lecture material.

• Animation PowerPoint files include animations only 
are provided in PowerPoint.

• Labeled JPEG Image files include full-color digital files of 
all illustrations that can be readily incorporated into pre­
sentations, exams, or custom-made classroom materials.

• Base Art Image files include unlabeled digital files of 
all illustrations.
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Laboratory Manual 
The laboratory manual features 
30 carefully designed, class-tested 
learning activities. Each exercise 
contains an introduction to the mate­
rial, step-by-step procedures, ample 
space to record and graph data, and 
review questions. The activities give 
students an opportunity to go beyond 
reading and studying to actually par­
ticipate in the process of science.

Companion W ebsite 
www.mhhe.com/engerl4e
The Enger: C o n c e p t s  in  B io l o g y  companion website allows 
students to access a variety of free digital learning tools that 
include:

• Chapter-level quizzing
• Animations
• Vocabulary flashcards
• Virtual Labs

Biology Prep, also available on the companion website, helps 
students to prepare for their upcoming coursework in biol­
ogy. This website enables students to perform self assess­
ments, conduct self-study sessions with tutorials, and perform 
a post-assessment of their knowledge in the following areas:

• Introductory Biology Skills
• Basic Math Review I and II
• Chemistry
• Metric System
• Lab Reports and Referencing

McGraw-Hill: Biology Digitized V id eo  Clips 
ISBN (13) 978-0-312155-0  
ISBN (10) 0-07-312155-X
McGraw-НШ is pleased to offer an outstanding presentation 
tool to text adopting instructors— digitized biology video 
clips on DVD! Licensed from some of the highest-quality sci­
ence video producers in the world, these brief segments range 
from about five seconds to just under three minutes in length 
and cover all areas of general biology from cells to ecosys­
tems. Engaging and informative, McGraw-Hill’s digitized

videos will help capture students’ interest while illustrating 
key biological concepts and processes such as mitosis, how 
cilia and flagella work, and how some plants have evolved 
into carnivores.
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Ц. / Г  ore than ever before, people around the world are 
I V / 1 worried about the safety of their food. Foodborne 

JL V  JL  illnesses are diseases caused by infectious microbes 
(germs) or poisons that enter your body if you eat contaminated 
food. They result in sickness or death. The chemical contamina­
tion of baby formula made in China in 2008 was responsible 
for at least four infant deaths and over 53,000 illnesses. 
Everybody is at risk of foodborne illness. In fact, World Health 
Organization (WHO) scientists have stated that foodborne 
illnesses have become major problems in both developed and 
developing countries. Meats, vegetables, salads, snacks, fast 
food, vegetarian snacks, and even desserts have been found to 
be sources o f foodborne illness. It is the variety of outbreaks 
that most troubles scientists and government health officials 
who are responsible for investigating and making recommen­
dations for controlling outbreaks. WHO reported that the 
global incidence of death from diarrheal diseases caused by 
foodborne disease was 1.8 million. Diarrhea is a major cause 
of malnutrition in infants and young children. In the United 
States of America (USA), there are an estimated 76 million 
cases of foodborne diseases each year. These result in about 
325,000 hospitalizations and 5,000 deaths. Food contamina­
tion has huge social and economic consequences on communi­
ties and their healthcare systems.

• How would a scientist approach the claim that the 
increase in foodborne illness is the result of a greater 
interest by consumers in eating fresh, uncooked foods?

• How would scientists go about identifying the cause of a 
foodborne illness?

• Should supersized food-processing companies be split into 
smaller, more easily regulated businesses?

1



2 PART i Introduction

Background Check
C o n c e p ts  you sh o u ld  a lrea d y  k n o w  to  g e t th e  m o st o u t  o f  th is  ch a p te r :
A t th e b e g in n in g  o f  e a ch  ch a p te r , y o u  w ill fin d  a lis t o f  co n c e p ts  o r  id e a s  th a t  a re  h e lp fu l in  u n d e rsta n d in g  th e  co n ten t 

o f  th e  ch a p te r . S in ce  th is  is th e  f ir s t  ch a p te r , th ere  is n o  sp e cia l b a c k g ro u n d  re q u ire d . H o w e v e r, y ou  sh o u ld :

• H a v e  an o p e n  m in d

• B e  w illin g  to  le a rn

Why the Study of Biology
Is Important

M a n y  stu d e n ts  q u e s t io n  th e  need  fo r  s c ie n ce  c o u rs e s , su ch  as 
b io lo g y , e sp e c ia lly  w h e n  th e ir  a re a  o f  s tu d y  is  n o t  sc ie n ce - 
re la te d . H o w ev er, it is b e c o m in g  in c re a s in g ly  im p o rta n t  fo r  
ev e ry o n e  to  b e  a b le  to  re c o g n iz e  th e  p o w e r  a n d  lim ita t io n s  o f  
sc ie n ce . In  a  d e m o cra cy , it is a ssu m e d  t h a t  th e  p u b lic  h a s  
g a th e re d  en o u g h  in fo r m a t io n  to  m a k e  in te llig e n t d e c is io n s . 
T h is  is w h y  a n  u n d e rsta n d in g  o f  th e  n a tu re  o f  sc ie n ce  an d  

fu n d a m e n ta l b io lo g ic a l  c o n c e p ts  is  so  im p o r ta n t  fo r  a n y  p er­
so n , re g a rd le ss  o f  h is o r  h e r  o c c u p a t io n . Concepts in Biology 
w a s w r itte n  w ith  th is  p h ilo so p h y  in  m in d . T h is  b o o k  p re sen ts  
c o r e  c o n c e p ts  se le c te d  t o  h e lp  y ou  b e c o m e  m o re  a w a re  o f  
h o w  b io lo g y  in flu e n ce s  n e a r ly  ev e ry  a sp e c t  o f  y o u r life .

M o s t  o f  th e  im p o rta n t  q u e s tio n s  o f  to d a y  ca n  b e  co n s id ­
ered  fro m  p h ilo so p h ica l, s c ie n tif ic , an d  s o c ia l  p o in ts  o f  view . 
H o w ev er, n o n e  o f  th ese  a p p ro a c h e s  in d iv id u a lly  a n sw ers  th o se  
q u e stio n s . F o r  e x a m p le , it is a  fa c t  th a t  th e  h u m a n  p o p u la tio n  
o f  th e  w o rld  is g ro w in g  rap id ly . P h ilo so p h ica lly , w e m a y  all 
a g ree  th a t th e ra te  o f  p o p u la t io n  g ro w th  sh o u ld  be slo w ed . 
S c ie n ce  ca n  p ro v id e  in fo r m a tio n  a b o u t  h o w  p o p u la tio n s  g ro w  
an d  w h ich  a c t io n s  w ill b e  th e  m o s t  e ffe c tiv e  in  s lo w in g  p o p u ­
la tio n  g ro w th . S c ie n ce  c a n  a lso  d ev e lo p  e ffe c tiv e  m e th o d s o f  
b irth  c o n tr o l . S o c ia l  le a d e rs  c a n  su g g est s tra te g ie s  fo r  p o p u la ­
tio n  c o n tro l th a t a re  a c c e p ta b le  w ith in  a sp eietv . It  is  im p o r­
ta n t to  re c o g n iz e  th a t s c ie n ce  d o e s  n o t  h a v e  th e  a n sw ers  to  a ll 
o f  o u r  p ro b le m s . In  th is  s itu a t io n , so c ie ty  m u st m a k e  th e  
fu n d a m e n ta l p h ilo so p h ica l d e c is io n s  a b o u t  re p ro d u ctiv e  rig h ts 
an d  th e  m o ra lity  o f  v a r io u s  c o n tr o l  m e th o d s  i f  h u m a n  p o p u la ­
tio n  g ro w th  is to  be co n tro lle d .

W h ile  s c ie n c e  m ay  ra ise  m a n y  q u e s t io n s  th a t  a re  d if f i ­
c u lt  f o r  so c ie ty  t o  a n sw e r, s c ie n c e  c a n  c h a lle n g e  h u m a n ity  to  
r e -e x a m in e  lo n g -h e ld  b e lie fs . A s s c ie n c e  r e p o r ts  fa c ts  an d  
tre n d s , th is  n e w  in fo r m a t io n  c a n  fo r c e  us t o  re th in k  o u r  
v ie w  o f  th e  w o rld . O n e  e x a m p le  o f  th is  is  th e  id e a  o f  h u m a n  
r a c e . O n ly  re c e n tly  h a v e  w e  b e e n  a b le  t o  lo o k  a t  a ll th e  
g e n e tic  in fo r m a t io n  t h a t  m a k e s  u p  a h u m a n . N o w , it is 
p o s s ib le  to  d e te r m in e  th e  g e n e tic  d if fe re n c e s  b e tw e e n  d if fe r ­

e n t ra c e s  o f  h u m a n s . In te r e s t in g ly , th e  g e n e tic  d iffe re n c e s  
b e tw e e n  in d iv id u a l p e o p le  o f  th e  sa m e  r a c e  c a n  be g re a te r  
th a n  th e  d iffe re n c e s  a m o n g  in d iv id u a ls  w h o  w e re  th o u g h t  to  
b e  o f  d if fe re n t  ra c e s . T h e  r e a s o n  f o r  th is  is th a t  th e  n u m b e r  
o f  g e n e s  th a t  w e ty p ic a lly  a s s o c ia te  w ith  r a c ia l  d if fe re n c e s  is 
v e ry  sm all w h en  c o m p a r e d  to  th e  n u m b e r  o f  g e n e s  n e e d e d  to  

m a k e  a  p e r s o n  (fig u re  1 .1 ) .

FIGURE 1.1 What's the Difference?
Despite superficial differences, different human races are 
overwhelmingly similar genetically.

C o n s id e r  h o w  th is  n e w  in f o r m a t io n  ch a lle n g e s  the 
h u m a n  p e r c e p tio n  o f  ra c e . H u m a n s d e fin e  c o u n try  b o r d e n  

a n d  f ig h t  w a rs  o n  th e  b a s is  o f  ra c e . T h is  is tru e  ev en  th o u g h  
w h a t  m a k e s  u p  g e n e tic  d iffe re n c e s  b e tw e e n  ra ce s  is in co n se ­
q u e n tia l to  w h a t  m a k e s  u s h u m a n .

аааи
1. W h y  is a  b a s ic  u n d e rsta n d in g  o f  sc ie n ce  im p o rta n t 

f o r  a ll c it iz e n s?
2 . D e s c r ib e  t w o  a r e a s  w h e r e  s c ie n t i f i c  d is c o v e r ie s  

h av e  ca u se d  u s to  re th in k  p re v io u s ly  held be lie fs .

|  Science and the Scientific 
Method

M o s t  t e x tb o o k s  d e fin e  b io lo g y  a s  th e  s c ie n ce  th a t d ea ls  ". h 
life . T h is  d e fin it io n  seem s c le a r  u n til y o u  b e g in  to  th in k  a bo  .■ 
w h a t  th e  w o rd s  science an d  life m e a n .

S c ie n c e  is a c tu a l ly  a process  u sed  t o  so lv e  p ro b le m s  -t  
d e v e lo p  a n  u n d e r s ta n d in g  o f  r e p e t i t iv e  n a tu r a l  e v e n ts  t h i l  
in v o lv e s  th e  a c c u m u la t io n  o f  k n o w le d g e  a n d  th e  te s tin g  : i  
p o s s ib le  a n s w e r s . T h e  p r o c e s s  h a s  b e c o m e  k n o w n  a s  :-f|
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s c i e n t i f i c  m e t h o d .  T h e  s c ie n t i f i c  m e th o d  is a w a y  o f  g a in ­
in g  in f o r m a t io n  ( fa c t s )  a b o u t  th e  w o r ld  b y  fo r m in g  p o s ­
s ib le  a n s w e rs  to  q u e s t io n s ,  f o l lo w e d  b y  r ig o r o u s  te s t in g  to  
d e te r m in e  i f  th e  p r o p o s e d  e x p la n a t io n s  a r e  s u p p o r te d  by  
th e  f a c ts .

Basic Assum ptions in Science
W h e n  u sin g  th e s c ie n tif ic  m e th o d , sc ie n tis ts  m a k e  so m e  b a s ic  
a ssu m p tio n s :

• T h e r e  a re  sp e c if ic  c a u s e s  f o r  n a tu ra lly  re o c c u r r in g  ev en ts 
o b se rv e d  in  th e  n a tu ra l w o rld .

• T h e  c a u se s  fo r  e v e n ts  in  n a tu re  c a n  b e  id e n tifie d .
*  T h e r e  a re  g e n e ra l ru le s  o r  p r in c ip le s  th a t  c a n  b e  used  to  

d e scr ib e  w h a t  h a p p e n s  in  n a tu re .
*  A n  e v e n t th a t  o c c u rs  re p e a te d ly  p ro b a b ly  h a s  th e  sa m e 

c a u se  e a c h  t im e  i t  o c c u rs .
• W h a t  o n e  p e rso n  o b s e r v e s  c a n  b e  o b se rv e d  by  o th e rs .
* T h e  sa m e  fu n d a m e n ta l ru le s  o f  n a tu re  ap p ly , re g a rd le ss  

o f  w h e re  a n d  w h e n  th ey  o ccu r.

F o r  e x a m p le , w e  h a v e  a ll o b se rv e d  lig h tn in g  w ith  th u n d e r­
s to r m s . A c c o rd in g  to  th e  a s s u m p tio n s  t h a t  h a v e  ju s t  b e en  

s ta te d , w e sh o u ld  e x p e c t  th a t  th e r e  is a  ca u se  o f  a ll c a se s  o f  
lig h tn in g , re g a rd le ss  o f  w h e re  o r  w h e n  they  o c cu r, a n d  th a t  a ll 
p eo p le  c o u ld  m a k e  th e  s a m e  o b s e r v a tio n s . W e k n o w  fro m  
sc ie n tif ic  o b s e r v a tio n s  a n d  e x p e r im e n ts  th a t

(1 )  lig h tn in g  is ca u se d  by  a d if fe re n c e  in  e le c tr ic a l  ch a rg e ,
(2 )  th e b e h a v io r  o f  lig h tn in g  fo llo w s  th e  sa m e g e n e ra l ru le s 

as th o se  fo r  s ta t ic  e le c tr ic ity , an d
(3 ) a ll  lig h tn in g  th a t  h a s  b e e n  m e a su re d  h a s  h a d  th e  sa m e  

c a u se  w h e re v e r  an d  w h e n e v e r  it  h a s  o c cu rre d  re g a rd le ss  
o f  w h o  m a d e  th e  o b s e r v a tio n .

Cause-and-Effect Relationships
Sc ien tis ts  d istin g u ish  b e tw e e n  s itu a tio n s  th a t  a re  m erely  c o r r e ­
lated  (h ap p en  to g e th e r )  a n d  th o se  th a t a re  co rre la te d  an d  sh o w  
c a u s e - a n d - e f fe c t  r e la t io n s h ip s .  M a n y  e v e n ts  a re  c o r r e la te d , 
b u t n o t  a ll c o rre la t io n s  sh o w  c a u s e -a n d -e ffe c t. W h e n  an  ev en t 
o c cu rs  as a  d irec t resu lt o f  a p re v io u s e v e n t, a  ca u se -a n d -e ffe c t  
re la tio n sh ip  e x is ts . For; e x a m p le , lig h tn in g  an d  th u n d er a re  co r­
re la te d  a n d  h a t e  a c a u s e - a n d -e f f e c t  r e la t io n s h ip . L ig h tn in g  
cau ses thunder.

T h e  re la t io n s h ip  b e tw e e n  in g e s t in g  m ic r o o rg a n is m s  an d  
fo o d  b o rn e  illn e ss  c a n  b e  d if f ic u lt  to  f ig u re  o u t . B e ca u se  
p eo p le  hate e x p e r ie n c e d  b a c te r ia l ,  v ir a l , o r  fu n g a l in fe c t io n s , 
m a n y  a ssu m e  t h a t  a ll m ic r o b e s  c a u s e  d ise a se . In  a d d it io n , th e  
m e d ia  p o r tra y  a ll m ic r o b e s  as d a n g e ro u s . C o m p a n ie s  te ll  us 
th a t y ou  sh o u ld  bu y  th e ir  a n t im ic r o b ia l  p ro d u c t . T h e y  c la im  
th a t  th e ir  p ro d u c t  w ill k ill  a ll  th e  m ic r o b e s , a n d  th e r e fo r e  
y ou  w ill n o t  c o m e  d o w n  w ith  a fo o d b o r n e  i lln e ss . H o w e v e r, 
sco re s  o f  d if fe re n t  s c ie n tis ts  h a v e  d e m o n stra te d  th ro u g h  
co u n tle ss  la b o r a to r y  e x p e r im e n ts  that o n ly  a sm a ll n u m b e r  
o f  m ic r o b e s  a re  p a t h o g e n ic ;  that is, capable of causing harm. 
In  f a c t ,  i t  tu rn s  o u t  th a t  m o s t  microbes are beneficial. These

experiments have led to the identification of specific mecha­
nisms by which pathogens cause harm. For example, a spe­
cific toxin (poison) can be collected from a suspect bacterium, 
purified, and administered to a laboratory animal in its food. 
If the animal displays the predicted foodborne illness symp­
toms, the experiment lends credibility to the fact that the 
microbe is responsible for that illness. Knowing that a cause- 
and-effect relationship exists enables us to make a predic­
tion. If the same set of circumstances occurs in the future, the 
same effect will result.

The Scientific Method
The term s c ie n t i fic a lly  is used in commercials, “science” pro­
grams on TV, public meevmgs, and in many other situations. 
Is this term being used correctly? In most cases the answer is 
“no!” In most of these Situations, the term sc ie n t i fic a lly  is 
used to mean “precisely,” or with great accuracy. Science is a 
method that requires sorting up a control group to which the 
experimental group is compared.

The scientific method involves an orderly, careful search 
for information. The method involves a continual checking and 
recheeking jto see if previous conclusions are still supported 
by new evidence. If new evidence is not supportive, scientists 
discard o r  change their original ideas. Thus, scientific ideas 
undergo constant reevaluation, criticism, and modification 
as new discoveries are made. This can be very bewildering to the 
general public and can lead to people making comments such 
as, “Can’t they make up their minds?” or “Thar’s not what they 
said the last time.” The scientific method has several important 
components:

• Careful observation
• The construction and testing of hypotheses
• An openness to new information and ideas
• A willingness to submit one’s ideas to the scrutiny

of others

The purpose of this method is to help scientists avoid 
making faulty assumptions and false claims. It is closely tied 
to the assumptions listed earlier and consists of several widely 
accepted steps (figure 1.2). However, scientists do not typi­
cally follow these steps from the first step (observation) to the 
last (communication). They take advantage of the work done 
by others and jump in and out of this series at various places.

Observation
Scientific inquiry begins with an observation. We make an 
observation when we use our senses (i.e., smell, sight, hear­
ing, taste, touch) or an extension of our senses (e.g., micro­
scope, sound recorder, X-ray machine, thermometer) to record 
an event.

However, there is a difference between a scientific obser­
vation and simple awareness. For example, you might hear a 
sound or see something without really observing it. You have 
probably seen a magician, an illusionist, or a mystic perform 
tricks, but do you really know what’s going on ‘behind the
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FIGU RE 1.2 The Scientific Method
The scientific method is a way of thinking that involves making hypotheses about observations and testing the validity of the hypotheses. 
When hypotheses are disproved, they are revised and tested in their new form. Throughout the scientific process, people communicate their 
ideas. Scientific theories and laws develop as a result of people recognizing broad areas of agreement about how the world works. These 
laws and theories help people develop their approaches to scientific questions.

FIGURE 1,3 Observation
Careful observation is an important part of the scientific method, (a) This technician is making observations on the characteristics of soil 
and.recording the results, (b) What is really going on here? What are you not observing?

scenes’? (figure 1.3) When scientists talk about their observa­
tions, they are referring to careful, thoughtful recognition of 
an event—not just casual notice. Scientists train themselves to 
improve their observational skills, because careful observa­
tion is important in all parts of the scientific method.

Questioning and Exploration
As scientists make observations, they begin to develop q u e s ­
t io n s . How does this happen? W hat causes it to occur? 'When 
will it take place again? Can I control the event to my ben­
efit? Forming questions is not as simple as it might seem.
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because the way you ask questions determines how you 
answer them. A question that is too broad or too complex 
may be impossible to answer; therefore, a great deal of effort 
is put into asking the question in the right way. In some situ­
ations, this is the most time-consuming part of the scientific 
method; asking the right question is critical to how you look 
for answers.

Let’s say that you have observed a cat catch, kill, and eat 
a mouse. You could ask several kinds of questions:

la . What motivates a cat 
to hunt?

lb . Do cats hunt more 
when they are hungry?

2a. Why did the cat kill 
the mouse?

2b. Is the killing behavior 
of the cat instinctive or 
learned?

3a. Did the cat like the 
taste of the mouse?

3b. If given a choice 
between mice and 
canned cat food, which 
would cats choose?

Although questions la , 2a, and 3a are good questions, it 
would be very difficult to design an experiment to evaluate 
them. On the other hand questions lb , 2b, and ,3b lend them­
selves to experiment. The behavior of hungry and recently fed 
cats could be compared. The behavior of mature cats that 
have not had an opportunity to interact with live mice could 
be compared to that of mature cats who had accompanied 
their mothers as they hunted and killed mice. Cats could be 
offered a choice between a mouse and canned cat food and 
their choices could be recorded (figure 1.4).

Once a decision has been made about what question to ask, 
scientist's e x p lo r e  o t h e r  so u rc es  o f  k n o w le d g e  to gain more infor­
mation. Perhaps the question has already been answered by 
someone else. Perhaps several possible answers have already 
been rejected. Knowing what others have already done can save 
time and energy. This process usually involves reading appropri­
ate science publications, exploring information on the Internet, 
and contacting fellow scientists interested in the same field of 
study. After exploring these sources of information, a decision is 
made about whether to continue to consider the question. If the 
scientist is still intrigued by the question, he or she constructs a 
formal hypothesis and continues the process of inquiry at a dif­
ferent level.

Constructing Hypotheses
A hypothesis is a statement that provides a possible answer to a 
question or an explanation for an observation that can be tested. 
A good hypothesis must have the following characteristics:

1) It must be logical.
2) It must account for all the relevant information currently 

available.
3) It must allow one to predict future events relating to the 

question being asked.
4) It must be testable.

Do cats hunt more when they are hungry?

If given a choice between mice and cat food, which would cats choose? 

FIGURE 1,4 Questioning
The scientific method involves forming questions about what you 
observe.

(.5) Furthermore, if one has a choice of several hypotheses, one 
should use the simplest one with the fewest assumptions.

Just as deciding which questions to ask is often difficult, form­
ing a hypothesis requires much critical thought and mental 
exploration.

Testing Hypotheses
Scientists test a hypothesis to see if .it is supported or dis­
proved. If they disprove the hypothesis, they reject it and must 
construct a new hypothesis. However, if they cannot disprove 
a hypothesis, they are more confident in the v a lid ity  (able to 
be justified; on target) of the hypothesis, even though they 
have not proven it true in all cases and for ail time. Science 
always allows for the questioning of ideas and the substitu­
tion of new explanations as new information is obtained. As
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new information is obtained, an alternative hypothesis may 
become apparent and may explain the situation better than 
the original hypothesis. It is also possible, however, that the 
scientists have not made the appropriate observations to indi­
cate that the hypothesis is wrong.

The test of a hypothesis can take several forms.

(1) Collecting relevant information

In some cases collecting relevant information that already 
exists may be an adequate test o f a hypothesis. For example, 
suppose you visited a cemetery and observed, from reading 
the tombstones, that an unusually large number of peo­
ple of various ages died in the same year. You 
could hypothesize that an epidemic of disease 
or a natural disaster caused the deaths. To test 
this hypothesis, you could consult historical 
newspaper accounts lor that year.

(2) Making additional observations

Often making additional observations may be 
ail that is necessary to test a hypothesis. For ex­
ample, suppose you hypothesized that a certain 
species of bird uses holes in trees as places to 
build nests. You could observe several birds of the 
species and record the kinds of nests they build 
and where they build them.

(3) Devising an experiment

A common method for testing a hypothesis 
involves devising an experiment. An experi­
ment is a re-creation of an event or occur­
rence in a way that enables a scientist to 
support or disprove a hypothesis. In every 
experiment, the scientist tries to identify if j 
there is a relationship between two events.
This can be difficult, because a particular 
event may involve many separate factors, called variables. 
For exam ple when a bird sings many activities o f its 
nervous and muscular systems are involved. It is also 
stimulated by a wide variety o f environm ental factors. 
Understanding the variables involved in bird song produc­
tion might seem an impossible task. To help unclutter such 
a situation, scientists break it up into a series of simple 
questions and use a c o n t r o l l e d  e x p e r im e n t  to answer each 
question.

A controlled experiment allows scientists to construct 
a situation, so that only one variable is present. A typical 
controlled experiment includes two groups: one group in 
which the variable is manipulated in a particular way and 
one group in which there is no manipulation. The group in 
which there is no manipulation of the variable is called the 
control group; the other group is called the experimental 
group.

The situation involving bird song production would have 
to be broken down into a large number of simple questions, 
such as the following:

Do both males and females sing?
Do they sing during all parts of the year?
Is the song the same in all cases?
Do some birds sing more than others?
What parts of their body are used to produce the song? 
What situations cause birds to start or stop singing?

Each question would provide the basis for the construc­
tion of a hypothesis, which could be rested by an 

experiment. Each experiment would provide 
information about a small part of the total 
process of bird song production. For example, 

in order to test the hypothesis that male sex 
hormones produced by the testes are involved in 

stimulating male birds to sing, an experiment 
could be performed in which one group of male 
birds had their testes removed (the experimental 
group) but the control group was allowed to 
develop normally.

The presence or absence of testes would be 
manipulated by the scientist in the experiment 
and would be the independent variable. The 

singing behavior of the males would be the 
dependent variable, because, if sex hormones are 

important, the singing behavior observed will 
change, depending on whether the males have testes or 

not (the independent variable). In an experiment, there 
should be only one independent variable, and the depen­

dent variable is expected to change as a direct result of 
the manipulation of the independent variable. After the 

experiment, the new data (facts) gathered would be ana­
lyzed. If there were no differences in singing between the 

two groups, scientists could conclude that the independent 
variable (presence or absence of testes) evidently did not 
have a cause-and-effect relationship with the dependent 
variable (singing). However, if there were a difference, :: 
would be likely that the independent variable caused the 
difference between the control and experimental groups. In  
the case of songbirds, removal o f the testes does change their 
singing behavior.

Scientists draw their most r e l ia b le  (trustworthy) conclu­
sions from multiple experiments. This is because random 
events having nothing to do with the experiment may have 
altered one set of results and suggest a cause-and-effect 
relationship when none actually exists. For example, if 
experimental group of birds became ill with bird flu, the;, 
would not sing. Scientists use several strategies to avoid the 
effects of random events in their experiments; including us r.r 
large numbers of animals in experiments and having other 
scientists repeat their experiments at other locations. With 
these strategies, it is less likely that random events will lead r 
false conclusions.
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Scientists must try to make sure that an additional vari­
able is not accidentally introduced into experiments. For 
example, the operation necessary to remove the testes of 
male birds might cause illness or discomfort in some birds, 
resulting in less singing. A way to overcome this difficulty 
would be to subject all the birds to the same surgery but to 
remove the testes of only half of them. (The control birds 
would still have their testes.) The results o f an experiment 
are only scientifically convincing when there is just one vari­
able, when the experiment has been repeated many times, 
and when the results for all experiments are the same.

During experimentation, scientists learn nevt' information 
and formulate new questions, which can lead to even more 
experiments. One good experiment can result in many new ques­
tions and experiments. For example, the discovery of the struc­
ture of the DNA molecule by James D. Watson and Francis W. 
Crick (1953), resulted in thousands of experiments and stimu­
lated the development of the entire field of molecular biology 
(figure 1.5).

As the processes of questioning and experimentation 
continue, it often happens that new evidence continually 
and consistently supports the original hypothesis and other 
closely related hypotheses. When the scientific community 
sees how these hypotheses and facts fit together into a broad 
pattern, they come together to write a scientific theory 
or law.

The Development of Theories and Laws
As observations are made and hypotheses are tested, a pattern 
may emerge that leads to a general conclusion; This process 
of developing general principles from the examination of 
many sets of specific facts is called inductive reasoning, or 
induction. For example, when people examine hundreds of

FIGURE 1.5 One Discovery Leads to Others
The discovery of the structure of the DNA molecule was followed 
by much research into how the molecule codes information, how it 
makes copies of itself, and how the information is put into action.

species of birds, they observe chat all kinds lay eggs. From 
these observations, they' may develop the principle that layting 
eggs is a fundamental characteristic of birds, without examin­
ing every species of bird.

Once such a principle is established, it can be used to 
predict additional observations in nature. The process of 
using general principles to predict the specific facts of a 
situation is called deductive reasoning, or deduction. For 
example, after the general principle that birds lay eggs is 
established, one might deduce that a newly discovered species 
of bird also lays eggs. In the process of science, both induction 
and deduction are important thinking processes used to 
increase our understanding of the. nature of our world and to 
formulate scientific theories and laws.

You have probably heSfd people say “I have a theory” 
about such-and-such an event. However, scientists would say 
you have a g u e s s  or a su s p ic io n  about what is going on, not 
a theory. When scientists use the term th e o r y ,  they mean 
something very different. A scientific theory is a widely 
accepted, plausible, general statement about fundamental 
concepts in' Sefence that explain w h y  things happen. An 
example o f a biological theory is the germ theory of disease. 
This theory states that certain diseases, called in fe c t io u s  
diseases, are caused by living microorganisms that are capa­
ble of being transmitted from one person to another. When 
these microorganisms reproduce within a person and the 
populations of microorganisms increase, they cause disease. 
As you can see, this is a very broad statement, which is the 
result of years of observation, questioning, experimentation, 
and data analysis. The germ theory of disease provides a 
broad overview of the nature of infectious diseases and 
methods for their control. However, we also recognize that 
each kind of microorganism has particular characteristics, 
which determine the kind o f disease condition it causes and 
the appropriate methods of treatment. Furthermore, we rec­
ognize that there are many diseases that are not caused by 
microorganisms, such as genetic diseases.

Theories are different from hypotheses. A hypothesis pro­
vides a possible explanation for a specific question; a theory 
is a broad concept that shapes how scientists look at the 
world and how they frame their hypotheses. For example, 
when a new disease is encountered, one of the first questions 
asked is “What causes this disease?” A hypothesis might be 
constructed, which states, “The disease is caused by a micro­
organism.” This is a logical hypothesis, because it is consistent 
with the general theory that many kinds of diseases are 
caused by microorganisms (the germ theory of disease).

Because theories are broad, unifying statements, there are 
few of them. However, just because theories exist does not mean 
that testing stops. As scientists continue to gain new information, 
they may find exceptions to a theory or, rarely, disprove a theory.

A scientific law is a uniform or constant fact of nature 
that describes w h a t  happens in nature. An example of a 
biological law is the biogenetic law, which states that all liv­
ing things come from preexisting living things. Although
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laws describe what happens and theories describe why 
things happen, there is one way in which laws and theories 
are similar. Both laws and theories have been examined 
repeatedly and are regarded as excellent predictors of how 
nature behaves.

Communication
One central characteristic of the scientific method is the 
importance of communication among colleagues. For the 
most part, science is conducted out in the open, under 
the critical eyes of others who are interested in the same 
kinds of questions. An important part of the communication 
process involves the publication of articles in scientific journals 
about one’s research, thoughts, and opinions. This communi­
cation can occur.at any point during the process of scientific 
discovery.

FIGURE 1.6 Communication
One important way that scientists communicate is through 
publications in scientific journals.

Scientists may ask questions about unusual observations. 
They may publish preliminary results of incomplete experi­
ments. They may publish reports that summarize large bodies 
of material. And they may publish strongly held opinions that 
are not supportable with current data. This provides other 
scientists with an opportunity to criticize, make suggestions, 
or agree (figure 1.6). Scientists attend conferences, where they 
can engage in dialog with colleagues. They also interact in 
informal ways by phone and the Internet. The result is that 
most of science is subjected to examination by many minds as 
it is discovered, discussed, and refined.

Table 1.1 summarizes the processes involved in the scien­
tific method and gives an example of how scientific investiga­
tion proceeds from an initial question to the development of 
theories and laws.

3. What is rhe difference between simple correlation 
and a cause-and-effect relationship?

4. 1 low does a hypothesis differ from a scientific the­
ory or a scientific law?

5. List three objects or processes you use daily that 
are the result of scientific investigation.

6. The scientific method cannot be used to deny or 
prove the existence of God. Why?

7. What are controlled experiments? Why are they 
necessary to support a hypothesis?

8. List the parts of the scientific method.

Science, Nonscience, 
and Pseudoscience

Fundamental A ttitudes in Science
As you can see from our discussion of the scientific method, 
a scientific approach to the world requires a certain way of 
thinking. A scientist is a healthy skeptic who separates facts 
from opinions (views based solely on personal judgment). 
Ideas are accepted because there is much supporting evidence 
from numerous studies, not because influential or famous 
people have strongly held opinions.

Careful attention to detail is also important. Because sci­
entists publish their findings and their colleagues examine 
their work, they have a strong desire to produce careful worn 
that can be easily defended. This does not mean that scientisa 
do not speculate and state opinions. When they do, howevet, 
they take great care to clearly distinguish scientific facts fr< -  
personal opinion.

There is also a strong ethic of honesty. Scientists are red 
saints, but the fact that science is conducted openly in fr,: -d 
of one’s peers tends to reduce the incidence of dishonesty. 1: 
addition, the scientific community strongly condemns an I

3
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TABLE 1,1 The Nature of the Scientific Method
Com ponent
of Science P rocess D escrip tion  of P rocess Exam ple of the P rocess in Action

Make observations.

Ask questions.

Explore other sources 
of information.

Form a hypothesis.

Test the hypothesis 
(experimentation).

Find agreement with 
existing scientific laws 
and theories or construct 
new laws or theories.

Form a conclusion and 
communicate it.

Recognize that something has happened and 
that it occurs repeatedly. (Empirical evidence 
is gained from experience or observation.)

Ask questions about the observation, evaluate 
the questions, and keep the ones that will 
be answerable.

Go to the library.
Talk to others who are interested in the same 

problem.
Communicate with other researchers to help 

determine if your question is a good one 
or if others have already answered it.

Pose a possible answer to your question.
Be sure that it is testable and that it accounts 

for all the known information.
Recognize that your hypothesis may be wrong.

Set up an experiment that will allow you to test 
your hypothesis using a control group and an 
experimental group.

Be sure to collect and analyze the data carefully.

If your findings arc seen to fit with current 
information, the scientific community will 
recognize them as being consistent with 

• current scientific laws and theories.
In rare instances, a new theory or law may 

develop as a result of research.

You arrive at a conclusion.
Throughout the process, communicate with 

other scientists by both informal conversation 
and formal publications.

Doctors observe that many of their patients who 
are suffering from tuberculosis fail ro be cured by 
the use of the medicines (antibiotics) traditionally 
used to treat the disease.

Have the drug companies modified the antibiotics?
Are the patients failing to take the antibiotics as 

prescribed?
Has the bacterium that causes tuberculosis 

changed?

Read medical journals.
Contact the Centers for Disease Control and 

Prevention.
Consult experts in tuberculosis.
Attend medical conventions.
Contact drug companies and ask if their antibiotic 

formulation has been changed.

Hypothesis: Tuberculosis patients -who fail to be 
cured by standard antibiotics have tuberculosis 
caused by antibiotic-resistant populations of the 
bacterium Mycobacterium tuberculosis.

Set up an experiment in which samples of 
tuberculosis bacteria are collected from two 
groups of patients: those who are responding 
to antibiotic therapy and those who are not 
responding to antibiotic therapy.

Grow the bacteria in the lab and subject them to 
the antibiotics normally used to see if the bacteria 
from these two groups of patients respond 
differently.

Experiments consistently show that the patients 
who are not recovering have strains of bacteria 
that are resistant to the antibiotic being used.

Your results are consistent with the following laws 
and theories:
• Mendel’s laws of heredity state that 

characteristics are passed from parent to 
offspring.

• The theory of natural selection predicts that, 
when populations of Mycobacterium 
tuberculosis are subjected to antibiotics, the 
bacteria that survive will pass on their ability 
to survive exposure to antibiotics to the next 
generation and that the next generation will 
have a higher incidence of these characteristics.

You conclude that the antibiotics are ineffective 
because the bacteria are resistant to the antibiotics.

You write a scientific article describing the 
experiment and your conclusions.
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severely penalizes those who steal the ideas of others, perform 
shoddy science, or falsify data. Any of these infractions can 
lead to the loss of one’s job and reputation.

Theoretical and Applied Science
The scientific method has helped us understand and control 
many aspects of our natural world. Some information is 
extremely important in understanding the structure and 
functioning of things in nature but at first glance appears to 
have little practical value. For example, the discovery of the 
structure of deoxyribonucleic acid (DNA) answered a funda­
mental question about the nature of genetic material. Many

FIGURE 1.7 Genetic Engineering
Genetic engineers have modified the genetic code of bacteria, such 
as E scherichia  coli, commonly found in the colon (a) to produce 
useful products, such as vitamins, protein, and antibiotics. The 
bacteria can be cultured in vats, where the genetically modified 
bacteria manufacture their products (b). The products can be 
extracted from the mixture in the vat.

N u t r i t i o n  F a c t s
Serving Size 1/2 cup (120 itlJ 
Servings Per Container АЬст If
ftwaanl Per Serving
Cileries 130 Calories IromT’ Z
____ ________ __  % Daily V; *

FIGURE 1.8 Louis Pasteur and Pasteurized Milk
Louis Pasteur (1822-1895) performed many experiments while 
studied the question of the origin of life, one of which led direr: 
to the food-preservation method now known as pasteurization.

people asked why such research would be done or funded - j  
their taxes. However, as individuals began to use this i 
knowledge, they developed many practical applications fc г l 
For example, scientists known as g e n e t ic  en g in eers  h; c 
.altered the chemical code system of microorganisms, in orc-.i 
to produce many new drugs, such as antibiotics, hormone^ 
and enzymes. To do this, genetic engineers needed informa­
tion from the basic, theoretical sciences of microbiologjj 
molecular biology, and genetics (figure 1.7).

Another example of how fundamental research can lead :n 
practical application is the work of Louis Pasteur (1822-18951 
a French chemist and microbiologist. Pasteur was interested a  
the highly theoretical question, “Could life be generated frora 
nonliving material?” Much of his theoretical work led to praetka 
applications in disease control. His theory that microorganism- 
cause diseases and decay led to the development of vaccinationi 
against rabies and the development of pasteurization for the pres 
ervation of foods (figure 1.8).

Science and Nonscience
Both scientists and nonscientists seek to gain information anc 
improve understanding in their fields of study. The differences 
between science and nonscience are based on the assumption- 
and methods used to gather and organize information and, most 
important, the way the assumptions are tested. The difference 
between a scientist and a nonscientist is that a scientist continually 
challenges and tests principles and assumptions to determine 
cause-and-effect relationships. A nonscientist may not be able to 
do so or may not believe that this is important. For example, a 
historian may have the opinion that, if President Lincoln had no: 
appointed Ulysses S. Grant to be a general in the Union Army, the 
Confederate States of America w'ould have won the Civil War. 
Although there can be considerable argument about the topic, 
there is no way that it can be tested. Therefore, such speculation 
about historical events is not scientific. This does not mean that



history is not a respectable field of study, only that it is not science. 
Historians simply use the standards of critical thinking that are 
appropriate to their field of study and that can provide insights 
into the role military leadership plays in the outcome of conflicts.

Once you understand the scientific method, you won’t 
have any trouble identifying astronomy, chemistry, physics, 
geology, and biology as sciences. But what about economics, 
sociology, anthropology, history, philosophy, and literature? 
All of these fields may make use of certain central ideas that 
are derived in a logical way, but they are also nonscientific in 
some ways. Some things are beyond science and cannot be 
approached using the scientific method. Art, literature, theol­
ogy, and philosophy are rarely thought of as sciences. They 
are concerned with beauty, human emotion, and speculative 
thought, rather than with facts and verifiable laws.

Many fields of study have both scientific and nonscien- 
tific aspects. For example, the styles of clothing people wear 
are often shaped by the artistic creativity of designers and 
shrewd marketing by retailers. Originally, animal hides, wool, 
cotton, and flax were the only materials available, and the 
color choices were limited to the natural colors of the mate­
rial or dyes extracted from nature. Scientific discoveries led to 
the development of synthetic fabrics and dyes, machines to 
construct clothing, and new kinds of fasteners that allowed 
for new styles and colors (figure 1.9).

Similarly, economists use mathematical models and estab­
lished economic laws to make predictions about future economic 
conditions. However, the reliability of predictions is a central 
criterion of science, so the regular occurrence of unpredicted 
economic changes indicates that economics is fag from scientific. 
Many aspects of anthropology and sociology are scientific, but

(a) (b)
FIGURE 1.9 Science and Culture
Although the design of clothing is not a scientific enterprise, 
scientific discoveries have altered the choices available.
■i) Originally, clothing could be made only from natural materials 

with simple construction methods, ( b )  The discovery of synthetic 
fabrics and dyes and the invention of specialized fasteners resulted 
in increased variety and specialization of clothing.

they cannot be considered true because в а а т  a t tbe
generalizations in these Helds cannoc be tesce-i br rrce-itec 
experimentation. They also do not show a g g a fica d y  high 
degree of cause-and-effect, or they have poor ptcdkriwe value.

Pseudoscience
Pseudoscience (p s e u d o  =  false) is a deceptive practice that 
the appearance or language of science to convince, confuse, or 
mislead people into thinking that something has scientific 
validity. When pseudoscientific claims are closely examined, 
they are not found to be supported by unbiased tests.

For example, nutrition is a respectable scientific field; 
however, many individuals and organizations make unfounded 
claims about their products and diets (figure 1.10). Because of 
nutritional research, we all know that we must obtain certain 
nutrients, such as amino acids, vitamins, and minerals, from 
the food we eat or we may become ill. However, in most cases, 
it has not been demonstrated that the nutritional supplements 
so vigorously advertised are as useful or desirable as claimed. 
Rather, the advertisements select bits of scientific information 
about rite fact that amino acids, vitamins, and minerals are 
essential to good health and then use this information to cre­
ate the feeling that nutritional supplements are necessary or 
can improve health. In reality, the average person eating a 
varied diet can obtain all these nutrients in adequate amounts.

Another related example involves the labeling of products 
'is  organic or natural. Marketers imply that organic or natural

FIGU RE .10 Pseudoscience—"Nine out of 10 Doctors 
Surveyed Recommend Brand X"
Pseudoscience is designed to mislead. There are several ways in which 
this image and the statement can be misleading. You can. ask yourself 
two questions. First, is the person in the white coat a physician? 
Second, how many doctors were asked for a recommendation and 
how were they selected? If only 10 doctors were asked, the sample 
size was too small. Perhaps the doctors who participated were 
selected to obtain the desired outcome. Finally, the doctors could 
have been surveyed in such a way as to obtain the desired answer, 
such as “Would you recommend Brand X  over Dr. Pete’s snake oil?”
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p ro d u cts have g re a te r  n u tritiv e  v a lu e  b e cau se  th ey  are o rg a n i­
ca lly  g ro w n  (g ro w n  w ith o u t p estic id es  o r  sy n th e tic  fertilizers) 
o r  b e cau se  th e y  co m e  fro m  n a tu re . A lth o u g h  th ere  are  q u es­
tio n s a b o u t th e h e a lth  e ffe c ts  o f  tra ce  a m o u n ts  o f  p estic id es in  

fo o d s , n o  sc ie n tif ic  stu d y  h a s  sh o w n  th a t a  d ie t o f  n a tu ra l o r  
o rg a n ic  p ro d u cts  h a s  an y  b e n efit  o v e r  o th e r  d iets . T h e  p o iso n s 
cu ra re , s try ch n in e , an d  n ico tin e  a r e  a ll o rg a n ic  m o le cu le s  th a t 
a re  p ro d u ced  in  n a tu re  b y  p la n ts  th a t  c a n  b e  g ro w n  org an ica lly , 
b u t w e w o u ld n ’t  w a n t to  in clu d e th e m  in  o u r  d ie t.

The Lim itations o f Science
S c ie n ce  is a w a y  o f  th in k in g  th a t  in v o lv e s  te s tin g  p o ss ib le  
a n sw e rs  to  q u e s tio n s . T h e r e fo r e , th e  sc ie n tif ic  m e th o d  c a n  be 

ap p lied  o n ly  to  q u e s t io n s  th a t  h a v e  fa c tu a l b a se s . E th ic a l , 
m o r a l , an d  re lig io u s  co n c e r n s  a re  n o t  s c ie n tif ic  e n d e a v o rs . 
Q u e s t io n s  a b o u t  su ch  to p ic s  c a n n o t  b e  a n sw e re d  u s in g  th e 
sc ie n tif ic  m e th o d . W h a t  m a k e s  a  p a in tin g  g re a t?  W h a t  is th e 
b e st  ty p e  o f  m u sic?  W h ic h  w in e  is b e st?  Is  th e r e  a  G o d ?  T h e s e  

q u e stio n s  a re  re la te d  to  v a lu e s , b e lie fs , a n d  ta s te s ; th e re fo re , 
th e  sc ie n tif ic  m e th o d  c a n n o t  be u sed  to  a n s w e r  th e m .

N

S c ien ce  is a lso  lim ite d  by th e  a b ility  o f  p eo p le  to  f ig u r: H r  
h o w  the n a tu ra l w o rld  w o rk s . P eo p le  are  fa llib le  an d  dc п н  
a lw ay s co m e  to  th e rig h t c o n c lu s io n s  b e ca u se  th ey  lack - tot 
m a tio n  o r  m is in te rp re t it. H o w e v e r  sc ien ce  is se lf- с о г г е с п ц  

a n d , as n ew  in fo r m a tio n  is g a th e re d , o ld , in co rre c t  w a y s j l  
th in k in g  are  ch a n g ed  o r  d iscard ed . F o r  e x a m p le , a t  o n e  я ц  

sc ien tis ts  w ere  su re  th a t  th e  Su n  w e n t  a ro u n d  th e  E a rth . T i e  
o b serv ed  th a t th e  Su n  ro se  in th e  e a s t  an d  trav eled  a cro ss  t m  
sk y  to  se t in  th e  w est. B e ca u se  sc ie n tis ts  co u ld  n o t  fee l th e E .- - r t  
m o v in g , it seem ed  p erfectly  lo g ica l th a t th e  Su n  tra . ; 
a ro u n d  th e  E a r th . O n c e  they u n d ersto o d  th a t  th e E a rth  rc :--.r-£  I 
o n  its a x is , th ey  b e g an  to  rea liz e  th a t  the<rism g а Ш  s e t t i-g  -4 
th e  S u n  co u ld  b e  e x p la in e d  in o th e r  w ay s. A A m p le te ly  . r  1 
co n ce p t o f  th e  re la tio n s h ip  b e tw e e n  th e  S u n  an d  th e E : - t  j 

d ev elo p ed  (fig u re  1 .1 1 ) .  A lth o u g h  th is  k in d  o f  stud ) r . .  *  ! 
ra th e r  p rim itiv e  to  us to d a y , th is c h a n g e  in  th in k in g  a b o t : : г 
re la tio n sh ip  be tw een  th e  Su n an d  th e  E a r th  w a s a  v ery  im p  «- 
ta u t  step  fo rw a rd  in  o u r  u n d erstan d in g  o f  th e  universe .

P eo p le  n e e d  t o  u n d e rsta n d  t h a t  s c ie n c e  c a n n o t  an sw er z 
th e  p ro b le m s  o f  o u r  t im e . A lth ou gh , sc ie n c e  is a p o w e rfu l t L. 
th e re  a re  m a n y  q u e s t io n s  it  c a n n o t  a n s w e r  a n d  m a n y  p :  >  

le m s it  c a n n o t  so lv e . M o s t  o f  th e  p ro b le m s  so c ie tie s  fa ce  
g en era ted  by  th e  b e h a v io r  an d  d e s ire s  o f  p e o p le . F a m in e , d r . . 
a b u se , w ar, an d  p o llu tio n  a re  h u m a n -c a u s e d  an d  m u st be 
re so lv e d  by h u m a n s . S c ie n ce  p ro v id e s  s o m e  im p o rta n t  tc 
fo r  so c ia l p la n n e rs , p o li t ic ia n s , a n d  e th ic a l  th in k e r s . H o w ev er 
sc ie n ce  d o es  n o t  h a v e , n o r  d o es  it  a ttem p t, t o  p ro v id e , a ll the 
a n sw e rs  to  th e  p ro b le m s  o f  th e  h u m a n  ra ce . S c ie n ce  is m erely  
o n e  o f  th e  to o ls  a t  o u r  d isp o sa l.

1.3 CONCEPT REVIEW
(a) Scientists thought that the Sun revolved around the Earth.

Earth
rotates.

9 . W h a t  is  t h e  d i f f e r e n c e  b e t w e e n  s c i e n c e  a n d

n o n s c ie n ce ?
1 0 .  H o w  c a n  y ou  id e n tify  p se u d o sc ie n ce ?
1 1 .  W h y  is p o lit ic a l  s c ie n c e  n o t  a sc ie n ce ?

4 Щ  The Science of Biology
T h e  sc ien ce  o f  b io lo g y  is , b ro a d ly  sp e ak in g , th e study 
o f  liv in g th in g s. H o w ev er, th e re  a re  m a n y  specialty  
area s  o f  b io lo g y , d ep en d in g  on  th e  k in d  o f  o rg an ism  
stu d ied  o r  th e  g o a ls  a p e rso n  h as . S o m e b io lo g ica l 

stu d ies a re  th e o re tic a l, su ch  a s  e stab lish in g  an  ev o lu ­
tio n a ry  tree  o f  life , u n d erstan d in g  th e  s ig n ifican ce  o f  
ce r ta in  a n im a l b e h a v io rs , o r  d e term in in g  th e b io ch e m ­
ical step s in v o lv ed  in p h o to sy n th e sis . O th e r  fields o f  
b io lo g y  a re  p ra c tica l— fo r  e x a m p le , m ed ic in e , c ro p  
sc ien ce , p la n t b reed in g , an d  w ild life  m a n ag em en t. 
T h e re  is a lso  ju s t  p la in  fu n  b io lo g y — fly -fish in g  fo r 
tro u t o r  scu b a  d iving o n  a co ra l reef.

A t th e begin n in g  o f  th e ch ap ter, w e defined biology 
as the scien ce th a t d eals w ith  life. B u t w h at d istinguishes

(b) We now know that the Earth rotates on its axis and revolves around the Sun

FIGURE 1.11 Science Is Willing to Challenge Previous Beliefs
Science must always be aware that new discoveries may force a 
reinterpretation of previously held beliefs, ( a )  Early scientists thought that the 
Sun revolved around the Earth. This was certainly a reasonable theory at the 
time. People saw the Sun rise in the east and set in the west, and it looked as ii 
the Sun moved through the sky. (b) Today, we know that the Earth revolves 
around the Sun and that the apparent motion of the Sun in the sky is caused 
bv the Earth rotating on its axis.



living things from those that are not alive? You would think that 
a biology textbook could answer this question easily. However, 
this is more than just a theoretical question. In recent years, it has 
become necessary to construct legal definitions of life , especially 
of when it begins and ends. The legal definition of d ea th  is impor­
tant, too, because it may determine whether a person will receive 
life insurance benefits or if body parts may be used in transplants. 
In the case of a heart transplant, the person donating the heart 
may be legally “dead” but the heart certainly isn’t. It is removed 
while it is still alive, even though the person is not . In other words, 
there are different kinds of death. There is death of the whole 
living unit and death of each cell within the living unit. A person 
actually “dies” before every cell has died. Death, then, is the 
absence of life, but that still doesn’t tell us what life is.

Similarly, there has been much controversy over the ques­
tion of when life begins. Certainly, the egg and the sperm that 
participate in fertilization are both alive, as is the embryo that 
results. However, from a legal and moral perspective, the 
question of when an embryo is considered a separate living 
thing is a very different proposition.

What M akes Something A live?
Living things have abilities and structures not found in things 
that were never living. The ability to interact with their sur­
roundings to manipulate energy and matter is unique to living 
things. Energy is the ability to do work or cause things to 
move. Matter is anything that has mass and takes up space. 
Developing an understanding of how living things modify 
matter and use energy will help you appreciate how living 
things differ from nonliving objects. Living things show five 
characteristics that nonliving things do not: (1) unique struc­
tural organization, (2) metabolic processes, (3) generative 
processes, (4) responsive processes, and (5) control processes. 
It is important to recognize that, although these characteris­
tics are typical of all living things, they may not all be present 
in each organism at every point in rime. For example, some 
individuals may reproduce or grow only at certain times. This 
section briefly introduces these basic characteristics of living 
things, which will be expanded on in the rest of the text.

Unique Structural Organization
The unique structural organization of living things can be seen 
at the molecular, cellular, and organism levels. Molecules such 
as DNA and proteins are produced by living things and are 
unique to each kind of living thing. Cells are the fundamental 
structural units of all living things. Cells have an outer limiting 
membrane and several kinds of internal structures. Each struc­
ture has specific functions. Some living things, such as people, 
consist of trillions of cells, whereas others, such as bacteria 
and yeasts, consist of only one cell. Nonliving materials, such 
as rocks, water, and gases, do not have a cellular structure.

An organism is any living thing that is capable of func­
tioning independently, whether it consists of a single cell or a 
complex group of interacting cells figure 1.12). Each kind of 
organism has specific structural characteristics, which it

Orchid Humans

FIGURE 1.12 Structural Organization
Each organism, whether it is simple or complex, independently 
carries on metabolic, generative, responsive, and control processes.
It also contains special molecules, a cellular structure, and other 
structural components. DNA is a molecule unique to living things. 
Some organisms, such as yeast or the protozoan Euplotes, consist of 
single cells, whereas others, such as orchids and humans, consist of 
many ceils organized into complex structures.

shares with all other organisms of the same kind. You recog­
nize an African elephant, a redwood tree, or a sunflower as 
having certain characteristics, although other organisms may 
not be as easy to distinguish.

Metabolic Processes
All the chemical reactions involving molecules required for a 
cell to grow, reproduce and make repairs are referred to as its 
metabolism. Metabolic properties keep a cell alive. The 
energy that organisms use is stored in the chemical bonds of 
complex molecules. Even though different kinds of organisms 
have different ways of metabolizing nutrients or food, we are 
usually talking about three main activities: taking in nutri­
ents, processing them, and eliminating wastes.

Energy is expended when living things take in nutrients 
(raw materials) from their environment (figure 1.13). Many 
animals take in these materials by eating other organisms.
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FIGURE 1.13 Metabolism
The metabolic processes of this hummingbird include the intake of 
nutrients in the form of nectar from flowers.

Microorganisms and plants absorb raw materials into their 
cells to maintain their lives. Nutrient processing takes place 
once the nutrients are inside the organism or its cells. Most 
animals have organs that assist in processing nutrients. In all. 
organisms, once inside cells, nutrients enter a network,.of 
chemical reactions. These reactions process the nutrients to 
manufacture new parts, make repairs, reproduce, andsgrovide 
energy for essential activities. Waste elimination occurs because 
not all materials entering a living thing are valuable to it. 
Some portions of nutrients are useless or even harmful, and 
organisms eliminate these portions as waste. Metabolic pro­
cesses also produce unusable heat energy, which can be con­
sidered a waste product. Microorganisms, plants, and many 
tiny animals eliminate useless or harmful materials through 
their cell surfaces, but more complex animals have special 
structures for getting rid of these materials.

Generative Processes
Generative processes are activities that result in an increase in the 
size of an organism—g rou Jth— or an increase in the number of 
individuals in a population— rep ro d u c t io n  (figure 1.14). Growth 
and reproduction are directly related to metabolism, because 
neither can occur without gaining and processing nutrients.

During growth, living things add to their structure, repair 
parts, and store nutrients for later use. In large organisms, growth 
usually involves an increase in the number of cells present.

Reproduction is also an essential characteristic of living 
things. Because all organisms eventually die, life would cease 
to exist without reproduction. Organisms can reproduce in 
two basic ways. Some reproduce by s e x u a l  r e p r o d u c t io n , in 
which two individuals each contribute sex cells, which leads 
to the creation of a new, unique organism. A s e x u a l  r e p r o d u c ­
tio n  (without sex) occurs when an organism makes identical

Sex cells

FIGURE 1.14 Generative Processes
Generative processes as they relate to cells.

copies of itself. Many kinds of plants and animals reproduce 
asex.ua.lly when a part of the organism breaks off the parent 
organism and regenerates the missing parts.

Responsive Processes
Responsive processes allow organisms to react to changes in 
their surroundings in a meaningful way. There are three cat­
egories of responsive processes: ir r ita b ility , in d iv id u a l a d a p t a ­

t i o n ,  and e v o lu t io n , which is also known as a d a p ta t io n  o f  
p o p u la t io n s .

Irritability is an individual’s ability to recognize that 
something in its surroundings has changed (a stimulus) anc 
respond rapidly to it, such as your response to a loud noise, 
beautiful sunset, or bad smell. The response occurs only in the 
individual receiving the stimulus, and the reaction is rapid, 
because there are structures and processes already in place 
that receive the stimulus and cause the response. One-celled 
organisms, such as protozoa and bacteria, can sense and ori­
ent to light. Many plants orient their leaves to follow the sun. 
Animals use sense organs, nerves, and muscles to monitor and 
respond to changes in their environment.

Individual adaptation also results from an organism’s 
reaction to a stimulus, but it is slower than an irritability 
response, because it requires growth or some other funda­
mental change in an organism. For example, during the sum­
mer the varying hare has brown fur. However, the shortening 
days of autumn cause the genes responsible for the produc­
tion of brown pigment to be “turned off” and new, white hair 
grows (figure 1.15). Plants also show individual adaptation to 
changing day length. Lengthening days stimulate the produc­
tion of flowers and shortening days result in falling leaves. 
Similarly, your body will adapt to lower oxygen levels by 
producing more oxygen-carrying red blood cells. Many ath­
letes like to train at high elevations because the increased 
number of red blood cells resulting from exposure to low 
oxygen levels delivers more oxygen to their muscles.

Evolution involves genetic changes in the characteristics dis­
played within a population. It is a slow change in the genetic 
makeup of a p o p u la t io n  of organisms over many generations.
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w o lv e s , w ere  a b le  to  adapt to a v m a g  o m a n t  a n d  
still e x is t  to d ay . S im ila r ly , the ill чЬциим of t h e  h u m a n  
b r a in  a n d  its  a b ility  to  re a s o n  allowed o o r  p re h u m a n  a n c e s ­
to rs  to  c r a f t  an d  use to o ls . T h e ir  u se of tools a llo w e d  th e m  
to  su rv iv e  a n d  su cceed  in  a g re a t v a rie ty  of e n v iro n m e n ta l 
c o n d it io n s .

Control Processes
C o n tr o l p ro c e s s e s  a re  m e c h a n is m s  th a t  e n su re  an  o rg a n ism  
w ill ca rr y  o u t  a ll m e ta b o lic  a c t iv it ie s  in th e p ro p e r  se q u en ce  
(coordination) a n d  a t  th e  p ro p e r  ra te  (regulation).

C o o r d in a t io n  o c c u rs  w ith in  a n  o r g a n is m  a t sev era l lev els. 
A t th e  m e ta b o lic  le v e l, a ll th e  c h e m ic a l re a c tio n s  o f  a n  o r g a n ­
ism  a re  c o o r d in a te d  an d  lin k e d  to g e th e r  in sp e c if ic  p a th w a y s . 

T h e  c o n tr o l  o f  a ll  th e  re a c t io n s  en su res  e f f ic ie n t , step w ise  
h a n d lin g  o f  th e  n u tr ie n ts  n e ed ed  to  m a in ta in  life . T h e  m o le ­
cu le s  re s p o n s ib le  fo r  c o o r d in a t in g  th e s e  m e ta b o lic  re a c tio n s  
a re  k n o w n  a s  enzymes. E n z y m e s  a re  m o le cu le s , p ro d u ce d  by 
o r g a n ism s , th a t  a r e  a b le  t o  c o n tr o l  th e  ra te  a t  w h ich  l ife ’s 
ch e m ic a l re a c tio n s  o ccu r. E n z y m e s  a ls o  re g u la te  th e  a m o u n t 
o f  n u tr ie n ts  p ro ce sse d  in to  o th e r  fo rm s . E n z y m e s w ill b e  d is­
cu ssed  in  d e ta il in  c h a p te r  5 .

C o o r d in a t io n  a ls o  o c c u r s  a t  th e  o rg a n ism  lev e l. W h e n  a n  
in s e c t  w a lk s , th e  m u sc le s  o f  its  s ix  leg s a re  c o o r d in a te d , so  
t h a t  o rd e r ly  m o v e m e n t re s u lts . In  p la n ts , re g u la to ry  ch e m ic a ls  
a ssu re  th e  p ro p e r  s e q u e n ce  o f  ev en ts  th a t  re s u lt  in g ro w th  in 
the sp rin g  an d  e a r ly  su m m er, fo llo w e d  by f lo w e rin g  a n d  th e 
d e v e lo p m e n t o f  fru it  la te r  in th e  year.

Regulation  in v o lv e s  a l te r in g  th e  r a te  o f  p r o c e s s e s . 
M a n y  o f  th e  in te r n a l  a c t iv it ie s  o f  a n  o r g a n is m  a r e  in te r r e ­
la te d  a n d  r e g u la te d , so  t h a t  a  c o n s t a n t  in te r n a l  e n v ir o n ­
m e n t  is  m a in ta in e d . T h e  p r o c e s s  o f  m a in ta in in g  a c o n s t a n t  
in te r n a l  e n v ir o n m e n t  is c a l le d  h o m e o s ta s is .  F o r  e x a m p le , 
w h e n  w e  b e g in  to  e x e r c is e  w e u se up  o x y g e n  m o r e  ra p id ly , 
so  th e  a m o u n t  o f  o x y g e n  in  th e  b lo o d  fa lls . In  o r d e r  to  
m a in ta in  a  c o n s t a n t  in te r n a l  e n v ir o n m e n t, th e  b o d y  m u st 
o b t a in  m o r e  o x y g e n . T h is  r e q u ir e s  m o r e  ra p id  c o n t r a c t io n s  
o f  th e  m u s c le s  t h a t  c a u s e  b r e a th in g  a n d  a  m o r e  r a p id  a n d

Summer coat Winter coat

FIGURE 1.15 Individual Adaptation
The change in coat color of this varying hare is a response to 

changing environmental conditions.

E volu tion  en ab les a  sp ecies {a p o p u la tio n  o f  a  sp ecific k in d  o f  
organ ism ) to  a d a p t to  lon g-term  ch an g es in its en v iron m en t, 
(figure 1 .1 6 ) .  F o r  ex a m p le , b e tw een  a b o u t 1 .8  m illion  and  

1 1 ,0 0 0  y ears a g o , the c lim a te  w as co ld  an d  large 
co n tin en ta l g laciers co v ered  n o rth ern  E u ro p e 

an d  N o rth  A m erica . T h e  p lan ts and: a n i­
m a ls  w e re  a d a p te d  to  th e s e  c o n d i­

t io n s . A s th e  c l im a te  s lo w ly  w a rm ed  
o v e r  th e  la s t  1 1 ,0 0 0  y e lp s , m a n y  o f  

th e se  sp e c ie s  w en t e x t in c t ,  w h erea s  
o th e rs  a d a p te d  a n d  c o n tin u e  in  a m o d ­

ifie d  fo r m . F o r  e x a m p le , m a m m o th s  an d  
m a s to d o n s  w e re  u n a b le  to  a d a p t  to  th e  c h a n g in g  e n v ir o n m e n t 
an d  b e c a m e  e x t in c t ,  b u t so m e  sp e c ie s , su c h  a s  m o o s e , e lk , and

. -  . n M io c e n e  Pliocene Pleistocene Recent

Eohippus Miohippus Mercychippus Pliohippus Equus
60 million years ago 40 million years ago 25 million years ago 7 million years ago 3 million years ago

FIGURE 1.16 Evolution
A principle that all scientists work with is the fact that things change over time. We know that chemicals react to become other kinds of 
substances, mountains crumble, rivers change course, and organisms reproduce and die. Evolution is also a change, but one that takes 
generations of time and results in descendents with a different genetic makeup than their ancestors. This sequence shows five species that 
illustrate that body size, leg structure, and food habits changed over time in horses.
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forceful pumping of the heart to get blood to the lungs. 
These activities must occur together at the right time and 
at the correct rate; when they do, the level of oxygen in the 
blood will remain normal while supporting the additional 
muscular activity (figure 1.17).

The Levels of Biological 
Organization and Emerging Properties
At this point you might be asking, “How can I possibly keep all 
this in my head?” Even biologists have difficulty keeping track of

the relationships that exist at these 
various levels, this informa­
tion has been organized 
into table 1.2. Return to 
this table as you move 
through the text to jog your 
memory and regain your per­
spective should you get confused.

Scientists recognize 
these levels as a ladder 
of increasing complex-

the vast amount of information being generated by researchers 
around the world. When you or biologists seek solutions to prob­
lems, it should be viewed at several levels at the same time. Doing 
this helps scientists create connections between different con­
cepts. To be able to do this yourself, you must understand what 
die.se levels are. In order to help you, and biologists, conceptualize

ity from atoms to bio­
sphere, each displaying FIGURE 1 .1 7  Control Process 
new properties not seen Working the balance beam involves 
on the previous step, coordination of heart rate, breathing 
These never-before-seen rate, and muscular activity in a 
features that result from controlled manner.

TABLE 1.2 Levels of Organization for Living Things
Level Characteristics/Explanation Example/Application
Biosphere The worldwide ecosystem Human activity affects the climate of the Earth. 

Global climate change and the bole in ozone layer are 
examples of human impacts on the biosphere.

Ecosystem Communities (groups of populations) that interact 
with the physical world in a particular place

The Everglades ecosystem involves many kinds of organisms, 
rite climate, and the flow of water to south Florida.

Community Populations of different kinds of organisms that interact The populations of trees, insects, birds, mammals, fungi, 
with one another in a particular place bacteria, and many other organisms interact in any

location.

Population A group of individual organisms of a particular kind The human population currently consists of over 6 billion
individuals.

The current population of the California condor is about
220 individuals.

Organism An independent living unit Some organisms consist of many cells—you, a morel 
mushroom, a rose bush. Others are single cells—yeast, 
pneumonia bacterium. A m oeba.

Organ system A group of organs that work together to perform 
a particular function

The circulatory system consists of a heart, arteries, veins, 
and capillaries, all of which are involved in moving 
blood from place to place.

Organ A group of tissues that work together to perform 
a particular function

An eye contains nervous tissue, connective tissue, blood 
vessels, and pigmented tissues, all of which are involved 
in sight.

Tissue Groups of cells that work together to perform 
particular functions

Blood, muscle cells, and the layers of the skin are all 
groups of cells and each performs a specific function.

Cell The smallest unit that displays the characteristics 
of life

Some organisms are single cells.
Within multicellular organisms arc several kinds of cells— 

heart muscle cells, nerve cells, white blood cells.

Molecules Specific arrangements of atoms Living things consist of special kinds of molecules, such as 
proteins, carbohydrates, and DNA, as well as common 
molecules, such as water.

Atoms The fundamental units of matter There are about 100 different kinds of atoms such as 
hydrogen, oxygen, and nitrogen.
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FIGURE 1.18 Emerging Properties
T he properties you recognize as a car only becom e evident 
when the com ponent parts are correctly  assem bled.

th e  in te ra c tio n  o f  sim p le  c o m p o n e n ts  w h e n  th e y  fo rm  m u ch  
m o re  c o m p le x  s u b s ta n c e s  a re  ca lle d  e m e rg e n t p ro p e rtie s  
(figu re 1 .1 8 ) .  F o r  e x a m p le , w h en  a to m s  o n  th e  f irs t level in te r ­
a c t  to  fo rm  m o le cu le s  o n  th e  se co n d  lev el, n ew  p ro p e rtie s ’ 
em erg e  th a t  a re  d isp lay ed  by th e  m o le cu le s  (e .g ., th e  a b ility  to  
serve as g e n e tic  m a te r ia l) . In  tu rn , th ese m o lecu les  w o rk  
to g e th e r to  fo rm  th e  p a r ts  o f  th e  n e x t  h ig h er lev el, ce lls . A g a in , 
ce lls  h av e  a  w h o le  n e w  se t o f  em e rg e n t p ro p e rtie s— a ll o f  life 's 
ch a ra c te r is tic s . C o n tin u in g  o n , ce lls  b e co m e  org an ized  in to  t is ­
su es; tissu es in to  o r g a n s ; o rg a n s  in to  o r g a n  sy stem s; a n d  o rg a n  
system s in to  o rg a n ism s. A ll o f  th ese  lev els  o f  o rg a n iz a tio n  e x is t  
w ith in  you a s  a n  in d iv id u a l.

T h e se  levels co n tin u e  to  provide y o u  w ith  a b io lo g ica l c o n ­
te x t fo r  the w o rld  aro u n d  you . O rg a n ism s are  grou p ed  in to  
p o p u la tio n s o n  th e  basis o f  w h ere  th ey  live. Several p o p u la tio n s 
are  d efin ed  as a  co m m u n ity . N o w , th e  levels o f  o rg a n iz a tio n  
sta rt  to  inclu de n o n liv in g  en v iro n m en ta l ch a ra c te ris tics , to o . 

C o m m u n ities  an d  th e ir  en v iro n m en t fo rm  eco sy stem s. Several 
eco sy stem s fo rm  H o m e s a n d , fin ally , sev era l H o m es fo rm  the 
b io sp h ere  o f  o u r p la n et. A s b e fo re , n o v e l p ro p erties em erg e  as 
you rise th ro u g h  th e c h a r t . A t th e  h ig h est level, so m e scien tists 
begin to  view' o u r p la n e t as a type o f  liv in g  en tity  th a t h as unique 
em ergent p ro p erties n o t  fo u n d  a t  lo w e r levels o f  o rg an iza tio n .

The Significance of Biology in Our Lives
T o a  g rea t e x te n t, w e  o w e  o u r  high stan d ard  o f  living to  b io lo g i- 

cab ad v an ces in tw o  a rea s : fo o d  p ro d u ctio n  a n d  disease co n tro l. 
P lan t an d  a n im al breed ers have m o d ified  org an ism s to  yield 
greater am ou n ts o f  fo o d  th an  did o ld er v arieties. A  g o o d  exam p le  
is the ch an ges th a t have occu rred  in  co rn . C o rn , a k in d  o f  grass, 
p rodu ces its seeds o n  a co b . T h e  o rig in a l co rn  p lan t h ad  very' 
sm all co b s, w h ich  w ere p erh ap s o n ly  3  o r  4  cen tim eters long. 
Selective breed in g  h as prod u ced  v arieties o f  co rn  w ith  m u ch

larger co b s  an d  m o re  seeds p er c o b , in creasin g  the y ield  greatly. 
In  ad d itio n , p la n t breed ers hav e created  varieties, su ch  as sw eet 
c o m  and  p o p co rn , W 'ith  special ch aracteristics . S im ilar im p rov e­
m en ts hav e occu rred  in  w h eat, r ice , o a ts , o th er cereal gra in s and 
fru its (figure 1 .1 9 ) .  T h e  im p rov em en ts in the p lan ts, a lon g  w ith  
b e tter fa n n in g  p ra c tices  (a lso  b ro u g h t a b o u t  th ro u g h  b io lo g ica l 
ex p e rim en ta tio n ), h av e  g reatly  in creased  fo o d  p rod u ction .

A n im a l b re e d e rs  a lso  h a v e  h ad  g re a t su cce sse s . T h e  p ig , 
c h ic k e n , a n d  c o w  o f  to d a y  a re  m u c h  d iffe re n t a n im a ls  fro m  
th o se  a v a ila b le  ev en  1 0 0  y e a rs  a g o . C h ic k e n s  lay  m o re  eg g s, 
b e e f  c a t t le  g ro w  fa ste r , a n d  d a iry  cow 's g ive m o re  m ilk . A ll 
th e se  im p ro v e m e n ts  in c r e a s e  th e  a m o u n t  o f  fo o d  a v a ila b le  
an d  ra ise  o u r  s ta n d a rd  o f  liv in g .

B io lo g ic a l  re se a rch  h a s  a lso  im p ro v ed  fo o d  p ro d u ctio n  by- 
d ev elo p in g  c o n tr o ls  fo r  the d isea se  o rg a n ism s, p e s ts , an d  w eed s 
th a t  red u ce  y ield s. B io lo g is ts  m u st u n d erstan d  th e  n a tu re  o f  
th ese h a rm fu l o rg a n ism s to  d ev elo p  effec tiv e  c o n tro l m e th o d s .

T h e r e  a lso  h a s  been  fa n ta s t ic  p ro g ress  in th e  a re a  o f  
h u m a n  h e a lth . A n u n d ersta n d in g  th a t  d iseases su ch  as c h o le ra , 
ty p h o id  fever, an d  d y sen tery  sp read  fro m  o n e p e rso n  to  a n o th e r  
th ro u g h  th e  w a te r  su p p ly  led to  th e d ev elo p m en t o f  tre a tm e n t 
p lan ts fo r  sew ag e  an d  d rin k in g  w ater. R e co g n iz in g  th a t d is­
eases su ch  as b o tu lism  an d  sa lm o n e lla  sp read  th ro u g h  fo o d  led 
to  gu id elin es f o r  fo o d  p re se rv a tio n  an d  p re p a ra tio n  th a t  g rea tly  
red u ced  th e in c id e n ce  o f  th ese  d iseases. M a n y  o th e r  d iseases, 
s u c h ’a s  p o lio , w h o o p in g  c o u g h , m ea sles , an d  m u m p s, c a n  be 
p re v e n te d  by v a c c in a t io n s  (H o w  S c ie n c e  W o r k s  1 .1 ) .  
U n fo rtu n a te ly , th e  v a cc in e s  h av e  w o rk e d  so  w ell th a t  so m e 
p eo p le  n o  lo n g e r b o th e r  to  g e t th e m . F u r th e rm o re , w e hav e 
d iscov ered  th a t a d u lts  need  to  b e  re v a cc in a te d  f o r  so m e  o f

th ese  d iseases. T h e r e fo re , 
w e see  th a t so m e  d iseases, 
su ch  as d ip h th e ria , w h o o p ­
ing co u g h , an d  ch ick en  pox- 
a re  re a p p e a rin g  a m o n g  

bo th  ch ild ren  and  adults.

(a) (b)
FIGURE 1.19 Biological Research Improves Food 
Production
( a )  One food that has seen a vast increase in production and 
variation is the tomato. Tomatoes ( L y c a p c r s i c o n  sp.) originated on 
the western coast of South America in Peru. Wild tomato species 
have tiny fruits, and only the red ones are edible. (It) Over the 
centuries, selective breeding and biotechnology have resulted in the 
generation of hundreds of varieties of this vegetable.
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HOW SCIENCE WORKS 1.1
Д В д М l

Edward Jenner and the Control of Smallpox
Edward Jenner (1749-1823) was bom in Berkeley, Gloucestershire, 
in western England. He wanted to become a doctor, so he 
became an apprentice to a local doctor. This was the typical 
training for physicians at that time. After his apprenticeship, he 
went to London and studied with an eminent surgeon. In 1773, 
he returned to Berkeley and practiced medicine there for the rest 
of his life.

A t th a t tim e in Eu ro p e  and A s ia , sm a llp o x  w as a com ­
mon d ise a se , w h ich  n ea rly  eve ryo n e  d e v e lo p e d , usually  
e a rly  in life . M any ch ild ren  d ie d  o f it , and m any w ho su r­
v ived  w ere  d is fig u red  by sca rs , it w as known th a t p eop le  
who had had sm a llp o x once w ere  p ro te cte d  from  
futu re  in fe c tio n . If ch ild ren  w ere  d e lib e ra te ly  
exp o sed  to sm a llp o x when th ey  w ere  o th e r­
w ise  hea lthy , a m ild  form o f the d isease  
o ften  d e ve lo p e d , and th ey  w ere  p ro ­
tected  from  futu re  sm a llp o x in fe c tio n s .
In d eed , in the M idd le  E a s t , p e o p le  
w e re  d e l ib e r a t e ly  in fe c te d  by 
s c ra tc h in g  m ateria l from the pocks 
of an in fec ted  person  into  th e ir  
sk in . Th is p rac tice  w as in tro d uced  
to  Eng land  in 1717 by Lad y M ary 
W o rtle y  M o n tag u , th e  w ife  o f 
the am bassad or to  Tu rkey . She had 
o b served  the p rac tice  of d e lib e ra te  
in fectio n  in Tu rkey and had had her 
own ch ild ren  in o cu la ted . Th is  p ra c ­
tice  had becom e com m on in Eng land  
by the ea rly  1700s, and Je n n e r  ca rried  
out such d e lib e ra te  in o cu la tio n s as pa rt 
o f his p ra c tic e . He a lso  fre q u e n tly  cam e 
into co n tact w ith  in d iv id u a ls  who had sm a ll­
p o x , as w e ll as p e o p le  in fe c te d  w ith  co w p o x— 
a m ild d isease  s im ila r to  sm a llp o x .

In 1796, Jenner introduced a safer way to protect against 
sm allpox as a result o f his 26-year study of cow pox and sm all­
pox. Jenner had made two im portant o b se rv a tio n s . First, 
many milkmaids and other farm workers developed a mild ill­
ness, with pocklike sores, afte r milking cows that had cowpox 
sores on their teats. Second ; very few  of those who had been 
infected with cowpox becam e sick with sm allpox. He asked 
the q u e st io n  "W hy don't people who have had cowpox get

sm allpox?" He developed the h y p o th e s is  that the mild dis­
ease caused by cowpox som ehow protected them from the 
often fatal sm allpox. This led him to perform an exp e r im e n t. 
In his first experim ent, he took puslike m aterial from a sore on 
the hand of a milkmaid named Sarah Nelmes and rubbed it 
into small cuts on the arm o f an 8-year-old boy flamed Jam es 
Phipps. Jam es developed the normal mild infection typical of 
cowpox and com pletely recovered. Subsequently, Jenner 
inoculated Jam es with m aterial from a sm allpox patient. 
(Recall that th is was a normal practice at the tim e.) Jam es did 
not develop any disease. Jenner's co n c lu s io n  was that delib­

erate exposure to cow pox had protected Jam es from 
sm allpox. Eventually the word vaccin a tion  was 

used to describe the process. It was derived 
from the Latin words for cow  (vacca ) and cow -  

p o x  d ise a se  (va cc in a e ) (box figure).
W hen these resu lts becam e known, 

public  reaction was m ixed . Som e peo­
ple thought that vaccination  was the 
w ork o f the devil. However, many 
European ru lers supported  Je n n e r by 
encourag ing the ir sub jects to be vac­
cinated . N apoleon and the em press 
of Russia were very  influential and , in 
the United S ta te s , Thom as Je ffe rson  
had som e m em bers o f his fam ily vac­
c inated . M any years later, fo llow ing 

the deve lo p m ent o f the g e rm  th e o ry  
o f  d is e a s e , it w as d iscovered  that cow- 

pox and sm allpox are caused by viruses 
that are sim ilar in structure . Exposure to 

the cow pox virus a llow s the body to develop 
im m unity against both the cow pox virus and 

the sm allpox virus. In the m id-1900s a slightly 
d iffe ren t v irus w as used to  d e ve lo p  a vacc ine  against 

sm allpox , w hich w as used w o rld w id e . In 1979, a lm ost 
200 years a fte r Je n n e r  d e ve lo p ed  his vacc in a tio n , the 
C en te rs  fo r D isease  C ontro l and Prevention  (C D C ) in the 
U n ited  S ta tes and the W orld H ealth  O rg an iza tion  (W HO ) 
o f the U n ited  N ations d e c la red  th a t sm allpox had been 
e rad icated .

The painting depicts Edward Jenner vaccinating James Phipps.

They have not been eliminated, and people who are not pro­
tected by vaccinations are still susceptible to them. B y  helping 
us understand how the human body works, biological research 
has led to the development of treatments that can control 
chronic diseases, such as diabetes, high blood pressure, and even 
some kinds of cancer. Unfortunately, all these advances in health 
contribute to another major biological problem: the increasing 
size of the human population.

The Consequences of Not
Understanding Biological Principles
A lack of understanding biological principles, and the inability 
to distinguish between valid scientifically obtained facts and 
personal opinions, can have significant consequences. Some 
people practice “selective acceptance of scientific evidence.” They 
have “faith” in the health products and procedures that have
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HOW SCIENCE WORKS 1.1 (co n tin u ed )

Recommended Immunization Schedule United States, 2007
Vaccine/
Age Birth

1
month

2
months

4
months

6
months

12
months

15
months

18
months

24
months

4 -6
years

11-12
years

13-18
years

19-49
years

50-64
years

65 or | 
older

Hep В 
(hepatitis B) First Second Third Hep В series if needed (3 doses)

DTP:
diphtheria,
tetanus,
pertussis
(whooping
cough)

Fir.st Second Thud Fourth F ifth

T e o m u s
&

diphtheria
i tlosc tetanus t 

10 years

HIB
{Haemophilus 
influenzae 
type В - 
influenza )

First Second Third Fourth

IPV
(inactivated
polio
vaccine)

First Second Third Fourth

PCV
(Pneumococcal 
conjugate - 
pneumonia)

First Second Third Fourth Additional vaccinations if high-risk 1-2 doses 1
dose

MMR:
Measles,
mumps,
rubella
(German
measles)

First Second 1-2
doses 1 dose

Varicella 
(chicken pox) • ' I|W

Second 2 d.iro 1
1

Influenza (flu) 2 doses If high risk

MPSV4
(Meningococcal - 
viral meningitis)

1 or more doses if high-risk

HPV
(Human
papilloma
virus)

3 doses 
(female.)

Rotavirus I dose

Source: Centers for Disease Control and Prevention

Today, vaccinations (immunizations) are used to control many 
diseases that used to be common. Many of them were known as 
childhood diseases, because essentially all children got them. 
Today, they are rare in populations that are vaccinated. The

following chart shows the schedule of immunizations recom­
mended by the Advisory Committee on Immunization Practices 
of the American Academ y of Pediatrics and American Academy 
of Family Physicians.

resulted from “good science” (e.g., antibiotics, heart transplants) 
but don’t “believe” or have “faith” in others (e.g., vaccinations, 
genetic engineering, stem cells).

Inability to See a Bigger Picture
There are some people who believe that you can get the flu 
by getting the vaccine in spite of scientific evidence to the 
contrary. While the vaccine may cause certain side effects

(problems that occur in addition to the desired healing 
effect), it does not contain any viruses capable of causing 
infection. These people (1) confuse the side effects with 
actual flu symptoms; (2) don’t realize that the vaccine they 
received does not protect against other, related strains of 
influenza virus; or (3) may have already been infected before 
receiving the vaccine. In fact, by refusing to get vaccinated 
they jeopardize others in their community. By being vaccinated
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and becoming immune to the virus, they serve as a barrier to 
the spread of the virus, helping to prevent others from 
becoming infected. If enough people become immune as the 
result of immunization, there is less chance that others will 
get the illness.

Lack of Understanding the Interconnectedness 
of Ecological Systems
At one time, it was thought that the protection of specific 
land areas would preserve endangered ecosystems. However, 
it is now recognized that many activities outside park and 
preserve boundaries are also important. For example, 
although Everglades National Park in Florida has been well 
managed by the National Park Service, this ecosystem is 
experiencing significant destruction. Commercial and agri­
cultural development adjacent to the park has caused 
groundwater levels in the Everglades to drop so low that 
the park’s very existence is threatened. Fertilizer has entered 
the park from surrounding farmland and has encouraged the 
growth of plants that change the nature of the ecosystem. In 
2000, Congress authorized the expenditure of $ 1.4 billion to 
begin to implement a plan that will address the problems of 
water flow and pollution. The major goals are to reduce the 
amount of nutrients entering from farms and to increase the 
flow of water to the Everglades from Lake Okeechobee to 
the north.

The Damage Caused by Exotic Species
In North America, the introduction of exotic (foreign) spe­
cies of plants and animals has had disastrous consequences 
in a number of cases (figure 1.20). Both the American chest­
nut and the American elm have been nearly eliminated by 
diseases that were introduced by accident. Another acciden­
tal introduction, the zebra mussel, has greatly altered fresh­
water lakes and rivers in the central and eastern part's of the 
United States. They filter tiny organisms from the water and 
deprive native organisms of this food source. In addition, 
they attach themselves to native mussels, often causing 
their death.

Other organisms have been introduced on purpose 
because of shortsightedness or a lack of understanding about 
biology. The European starling and the English (house) spar­
row were both introduced into this country by people who 
thought they were doing good. Both of these birds have mul­
tiplied greatly and have displaced some native birds. Many 
people want to have exotic animals as pets. When these ani­
mals escape or are intentionally released, they can become 
established in local ecosystems and endanger native organ­
isms. For example, Burmese pythons are commonly kept as 
pets. Today, they are common in the Everglades and kill and 
eat native species. Large pythons have even been observed 
attacking alligators. The introduction of exotic plants has 
also caused problems. At one time, people were encouraged 
to plant a shrub known as autumn olive as a wildlife food. 
The plant produces many small fruits, which are readily eaten

Zebra Mussels

FIGURE 1,20 Exotic Animals
Exotic organisms such as starlings and zebra mussels have altered 
natural ecosystems by replacing native species.

by many kinds of birds and mammals. However, because the 
animals eat the fruits and defecate the seeds everywhere, 
autumn olive spreads rapidly. Today, it is recognized as an 
invasive plant needing to be controlled.

Ethical Concerns
Advances in technology and our understanding of human 
biology have presented us with difficult ethical issues, which 
we have not been able to resolve satisfactorily. Major 
advances in health care have prolonged the lives of people 
who would have died if they had lived a generation earlier. 
Many of the techniques and machines that allow us to pre­
serve and extend life are extremely expensive and are there­
fore unavailable to most citizens of the world. Many people 
lack even the most basic health care, while people in the rich
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nations of the world spend millions of dollars to have cos­
metic surgery and to keep comatose patients alive with the 
assistance of machines.

Future D irections in Biology
Where do we go from here? Although the science of biology has 
made major advances, many problems remain to be solved. For 
example, scientists are seeking major advances in the control of 
the human population, and there is a continued interest in the 
development of more efficient methods of producing food.

One area that will receive more attention in the next few 
years is ecology. Climate change, pollution, and the destruc­
tion of natural ecosystems to feed a rapidly increasing human 
population are severe problems. We face two tasks: The first is 
to improve technology and our understanding about how 
things work in our biological world; the second, and probably 
the more difficult, is to educate people that their actions deter­
mine the kind of world in which future generations will live.

Another area that will receive much attention in the next 
few years is the relationship between genetic information and 
such diseases as Alzheimer’s disease, stroke, arthritis, and can­
cer. These and many other diseases are caused by abnormal 
body chemistry, which is the result of hereditary characteristics. 
Curing hereditary diseases is a big job. It requires a thorough 
understanding of genetics and the manipulation of hereditary 
information in all of the trillions of cells of the organism.

It is the intent o f science to learn what is going on by 
gathering facts objectively and identifying the most logical 
courses of action. It is also the role of science to identify 
cause-and-effect relationships and note their predictive value 
in ways that will improve the environment for all forms' of 
life— including us. Scientists should also make suggestions to 
politicians and other policy makers about which courses of 
action are the most logical from a scientific point of view.

1.4 CONCEPT REVIE'
12. Describe three advances that have occurred as a 

result of biology.
13. List three mistakes that could have been avoided 

had we known more about living things.
14. What is biology?
1.5. List five characteristics of living things.
16. W hat is the d ifferen ce  betw een regulation

and coordination?

The science of biology is the study of living things and how 
they interact with their surroundings. Science can be distin­
guished from nonscience by the kinds of laws and rules that

are constructed to unify the body of knowledge. Science 
involves the continuous testing of rules and principles by the 
collection of new facts. In science, these rules are usually 
arrived at by using the scientific method— observation, ques­
tioning, the exploration of resources, hypothesis formation, 
and the testing of hypotheses. When general patterns are rec­
ognized, theories and laws are formulated. If a rule is nor test­
able, or if no rule is used, it is not science. Pseudoscience uses 
scientific appearances to mislead.

Living things show the characteristics o f (1) a unique 
structural organization, (2) metabolic processes, (3) genera­
tive processes, (4) responsive processes, and (5) control 
processes. Biology has been responsible for major advances 
in food production and health. The incorrect application of 
biological principles has sometimes led to the destruction of 
useful organisms and the introduction of harmful ones. 
Many biological advances have led to ethical dilemmas, 
which have not been resolved. In the future, biologists will 
study many things. Two areas that are certain to receive 
attention are ecology and the relationship between heredity 
and disease.

Key Terms
U se th e  in te r a c t iv e  f la s h  c a r d s  o n  t h e  C o n c e p ts  in  B io lo g y ,  
1 4 /e  w e b s it e  to  h e lp  y o n  lea rn  t h e  m ea n in g  o f  t h e s e  term s .

atoms 16 inductive reasoning
biology 2 (induction) 7

biosphere 16 matter 13

cells 13 metabolism 13

community 16 molecules 16

control group 6 nutrients 13

control processes 15 observation 3

controlled experiment 6 organ 16

deductive reasoning organ system 16
(deduction) 7 organism 13

dependent variable 6 population 16
ecosystem 16 pseudoscience 11
emergent properties 17 responsive processes 14
energy 13 science 2
enzymes 15 scientific law 7
experiment 6 scientific method 3
experimental group 6 theory 7
generative processes 14 tissue 16
homeostasis 15 unique structural
hypothesis 5 organization 13

independent variable 6 variables 6
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1. Which one of the following distinguishes science from 
nonscience?
a. the collection of information
b. the testing of a hypothesis
c. the acceptance of the advice of experts
d. information that never changes

2. A hypothesis must account for all available information,
be logical, and b e _____ .

3. A scientific theory is
a. a guess as to why things occur.
b. always correct.
c. a broad statement that ties together many facts.
d. easily changed.

4. Pseudoscience is the use o f the appearance o f science
to _____ .

5. Economics is not considered a science because

a. it does not have theories.
b. it does not use facts.
c. many economic predictions do not come true.
d. economists do not form hypotheses.

6. Reproduction is
a. a generative process.
b. a responsive process.
c. a control process.
d. a metabolic process.

7. The smallest independent living unit is the
8. The smallest unit that displays characteristics of life

is th e _____ .
9 . An understanding of the principles of biology will 

prevent policy makers from making mistakes. (T/F)
10. Three important advances in the control of infectious

diseases are safe drinking water, safe food, a n d ______ .
11. If data are able to be justified and are on target with 

other evidence, scientists say that these data are
a. valid.
b. reliable.
c. expected.
d. appropriate.

1 2 . W h ic h  is n o t  a b a s ic  a ss u m p tio n  in  sc ien ce?

a. T h e r e  a re  s p e c if ic  c a u s e s  f o r  e v e n ts  o b se rv e d  in  th e 
n a tu ra l w o rld .

b . T h e r e  a re  g e n e ra l ru le s  o r  p a t te r n s  th a t  ca n  b e  used to  
d e scr ib e  w h a t  h a p p e n s  in  n a tu re .

c. E v en ts th a t  o c cu r on ly  on ce  p ro b a b ly  have a single cau se.

d . T h e  sa m e  fu n d a m e n ta l ru le s  o f  n a tu re  apply , reg ard less 
o f  w h e re  an d  w h e n  th ey  o ccu r.

1 3 . A v a r i a b le  t h a t  c h a n g e s  in  d ir e c t  r e s p o n s e  t o  h o w  
a n o th e r  v a r ia b le  is m a n ip u la te d  is  k n o w n  as

a . th e  d e p e n d e n t v a r ia b le .

b . th e  in d e p e n d e n t v a r ia b le .

c . th e  re lia b le  v a r ia b le .

d . a h y p o th e s is .

1 4 . F e a tu re s  th a t  re su lt fro m  th e  in te ra c t io n  o f  sim p le  c o m ­
p o n e n ts  w h e n  th ey  fo rm  m u ch  m o re  c o m p le x  su b s ta n ce s  
a re  ca lle d

a . o r g a n iz a tio n a l p ro p e rtie s .

b . e m e rg e n t p ro p e rtie s .

c . a d a p tiv e  tra its .

d. e v o lu tio n a ry  tr a its .

A n sw ers
1 . b 2 .  te s ta b le  3 .  c  4 .  m is le a d  5 .  c  6 .  a 7 .  o rg a n ism  
8 . c e ll 9 .  F  1 0 . v a c c in a t io n  1 1 . a  1 2 .  c  1 3 . a  1 4 . b

Thinking Critically

T h e  S c ie n tif ic  M e th o d  a n d  C lim a te  C h a n g e  
O n e  im p o rta n t tra it  th a t  all sc ie n tis ts  sh o u ld  sh are  is sk ep tic ism . 
T h e y  sh ou ld  co n siste n tly  an d  c o n s ta n tly  a s k  th e  q u e stio n , “A re  
you  su re th a t’s r ig h t? ” W h e n  co n sid e rin g  th e  q u estio n  o f  g lo b a l 
w a rm in g , sc ien tis ts  m ig h t a sk , “ Is th ere  a sc ien tific  basis th at 
g lo b a l w a rm in g  is p rim a rily  d u e to  g reen h o u se  g ases th a t are 
m a n m a d e ?” T h e  c a r b o n  d io x id e  c o n te n t  o f  th e  a tm o sp h ere  is 
the h ig h est it h a s  been  in m illio n s o f  y ears and  th e ra te  o f  
in cre a se  is u n p ara lle led . W h a t  m u st sc ien tis ts  d o  to  d em o n stra te  
a ca u se -a n d -e ffe c t re la tio n sh ip ?  A s a sc ie n tis t, h o w  w ou ld  you 
g o  a b o u t d e term in in g  if th is  is s im p ly  a  co rre la tio n  an d  n o t  a 
ca u se -a n d -e ffe c t re la tio n sh ip ?  l lo w  w ou ld  you d eterm in e  if  
th ere  is a ca u se -a n d -e ffe c t  re la tio n sh ip  be tw een  th e  ex p o n en tia l 
in crea se  in w o rld  h u m a n  p o p u la tio n  in th e  la s t  cen tu ry  an d  th e 
in crea se  in  g re en h o u se  g ases? I f  th e  ev id en ce  u ltim ate ly  p o in ts 
to  a c o rre la tio n , is it w ise to  ig n o re  th e  p o te n tia l risk s associa ted  
w ith  g lo b a l w a rm in g ?
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F luorescent lightbulbs were invented in the 1890s. However, 
it wasn’t until the 1970s that compact fluorescent lights 
(CFLs), were developed as a spinoff of a world-wide oil 

shortage. The shortage stimulated research into ways of getting 
people to use the more energy-efficient bulbs. CFLs use only 
about 25%  of the energy needed to produce the same amount of 
light as an incandescent bulb and last about 10 times longer. 
Replacing incandescent bulbs with CFLs will reduce the amount 
of fossil fuels burned to generate electricity, thus reducing green­
house gases such as carbon dioxide. Ultimately, this will help to 
control global warming.

All fluorescent bulbs contain the element mercury, essential 
for their operation. Electricity vaporizes the mercury, causing it 
to emit UV light, which, in turn, causes other chemicals to light 
up; that is, they fluoresce. At first glance CFLs might seem to be 
a win-win situation (i.e., longer-lasting, lower-energy bulbs and 
less greenhouse gases). However, there is another problem.

Once released, certain bacteria can change mercury into the 
molecule methylmercury, which is highly toxic to the brain, 
heart, kidneys, lungs, and immune system, and is especially 
harmful to fetuses and children. In fact, about one in six children 
in the United States is at risk for learning disabilities from expo­
sure to methylmercury. According to the EPA, the amount of 
mercury released from CFL bulbs can exceed U.S. federal guide­
lines for chronic exposure. As more CFLs are used, it may 
become essential to regulate their use and disposal.
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OUTLOOKS 2.1: Water and Lite—The Most Common 
Compound of Living Tr
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What should you do if one of these CFL bulbs breaks or 
wears out?

Will you stop using such potentially dangerous products 
in favor of safer ones?
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2 4  PART II Cornerstones: Chemistry, Cells, and Metabolism

Background Check
Concepts you should already know to get the most out of this chapter:
* The scientific method (chapter 1)
* Features that make something alive (chapter 1)
* The levels of biological organization (chapter 1)

6Ш 1 Matter, Energy, and Life
All living things have the ability to use matter and energy to their 
advantage. Bees, bacteria, broccoli—in fact, all organisms—use 
energy to move about, respond to change, reproduce, make 
repairs and grow; in other words, to stay alive. Energy is 
the ability to do work or cause things to move. There are two 
general types of energy: k in e t ic  and p o ten t ia l.  A flying bird 
displays kinetic energy, or energy of motion. Potential energy 
is described as stored energy. When we talk about the energy- 
in chemicals, substances used or produced in processes that 
involve changes in matter, we are talking about the potential 
energy in matter. Matter is anything thar has mass1 and takes 
up space. This energy has the potential to be converted to 
kinetic energy used to do life’s work. Since energy has predict­
able properties, all organisms have similar ways of handling it.

There are five forms of energy, and each can be either 
kinetic or potential: (1) mechanical, (2) nuclear, (3) electrical, 
(4) radiant, and (5) chemical. All organisms interact in some 
way with these forms of energy. A race horse or a track ath­
lete displays potential mechanical energy at the start line; the 
energy becomes kinetic mechanical energy when the athlete 
is running (figure 2.1). Nuclear energy is the form of energy 
from reactions involving the innermost part of matter, the 
atomic nucleus. In a nuclear power plant, nuclear energy is 
used to generate electrical energy. Electrical energy is associ­
ated with the movement of charged particles. All organisms 
use charged particles as a part of their metabolism. Radiant 
energy is most familiar as heat and visible light, but there are 
other forms as well, such as X-radiation and microwaves. 
Chemical energy is a kind of infernal potential energy. It is 
stored in matter and can be released as kinetic energy when 
chemicals are changed from one form to another. For exam­
ple, the burning of natural gas involves converting the 
chemical energy of gas into heat and light. A more controlled 
process releases the potential chemical energy from food in 
living systems, allowing them to carry out life’s activities.

One or the predictable properties of energy is known as the 
law of conservation of energy, or the first la w  o f  th er m o d y n a m ­
ics. This law says that energy is not created or destroyed; but,

'Don’t confuse the concepts of mass and weight. Mass refers to an amount 
of matter, whereas weight refers to the amount of force with which an object 
is attracted by gravity. Because gravity determines weight, your weight 
would be different on the Moon than it is on. Earth, but your mass would 
be the same.

FIGU RE 2.1 Potential and Mechanical Energy
This horse has converted the potential energy in its food to the kinetic 
energy of motion. This is why, for centuries, horses have been called 
“hay burners.”

energy can be converted from one form to another. For exam­
ple, potential energy can become kinetic energy, and electrical 
energy can become heat energy as in a glowing CFL. However, 
the total energy in a system remains the same. Because living 
systems use energy, these systems are also subject to this law. As 
a result, when biologists study energy use in living organisms 
and ecosystems, they must account for all the energy.

Scientists define all living things as being composed of 
matter. There is no scientific evidence of a living thing com­
posed of pure energy (despite what you might see on televi­
sion), or being spiritual. To understand how organisms use 
these elements, you need to understand some basic principles 
about matter. Chemistry is the science concerned with the 
study of the composition, structure, and properties of matter 
and the changes it undergoes (figure 2.2).

1. What is potential energy?
2. Why is the first law of thermodynamics important 

to biology?
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FIGURE 2.2 Biology and Chemistry Working Together
In order to  understand living things, researchers m ust investigate 
both their structure and their function. A t the core o f  m odern 
biology is an understanding o f  m olecular structure, including such 
m olecules as D N A , the m olecule o f  which genes are com posed.

ШХгЖ The Nature of Matter
The idea that substances are composed of very small particles 
goes back to early Greek philosophers. During the fifth cen­
tury b .c . ,  Democritus wrote that matter was empty space 
filled with tremendous numbers of tin)!, indivisible particles 
called atoms. (The word atom  is from the Greek word mean­
ing uncuttable.)

Structure o f the Atom  ** '
Recall from chapter 1 that atoms are the smallest units of mat­
ter that can exist alone. Elements are fundamental chemical 
substances made up of collections of only one kind of atom. 
For example, hydrogen (the most basic clement), helium, lead, 
gold, potassium, and iron are all elements. There are over 
100 elements. To understand how the atoms of various ele­
ments differ from each other, we need to look at the structure 
of atoms (How Science Works 2.1!.

Atoms are constructed of three m ajor subatomic parti­
cles: neutrons, protons, and electrons. A neutron is a heavy 
subatomic (units smaller than an atom) particle that does 
not have a charge; it is located in the central core of each 
atom, l'he central core is called the atomic nucleus. The 
mass of the atom is concentrated in the atomic nucleus. 
A proton is a heavy subatomic particle that has a positive 
charge; it is also located in the atomic nucleus. An electron 
is a light subatomic particle with a negative electrical 
charge that moves about outside the atomic nucleus in 
regions known as energy levels (figure 2 .3). An energy level 
is a region of space surrounding the atomic nucleus that 
contains electrons with certain amounts of energy. The 
number of electrons an atom has determines the space, or 
volume, an acorn takes up.

All the atoms of an element have the same number of 
protons. The number of protons determines the element’s 
identity. For example, carbon always has 6 protons; no 
ocher element has that number. Oxygen always has 8 pro­
tons. The atomic number of an element is the number of 
protons in an atom of that element; therefore, each element 
has a unique atomic number. Because oxygen has 8 protons, 
its atomic number is 8. The mass of a proton is 1 .67 X 
10“24 grants. Because this is an extremely small mass and is 
awkward to express, 1 proton is said to have a mass of 
1 atomic mass unit (abbreviated as AMU) (table 2.1).

Elem ents Mlay Vary in Neutrons 
but Not Protons
Although all atoms of the same element have the same num­
ber of protons and electrons, they do not always have the 
same number of neutrons. In the case of oxygen, over 99%  of 
the atoms have 8 neutrons, but others have more or fewer 
neutrons. Each atom of the same element with a different 
number of neutrons is called an isotope of that element. Since 
neutrons have a mass very similar to that of protons, isotopes 
that have more neutrons have a greater mass than those that 
have fewer neutrons.

Elements occur in nature as a mixture of isotopes. The 
atomic weight of an element is an average of all the isotopes 
present in a mixture in their normal proportions. For exam­
ple, of all the hydrogen isotopes on Earth, 99 .985%  occur as 
an isotope without a neutron and 0 .015%  as an isotope with 
1 neutron. There is a third isotope with 2 neutrons, and is 
even more rare. When the math is done to account for the 
relative amounts of these three isotopes of hydrogen, the 
atomic weight turns out to be 1.0079 AMU.

The sum of the number of protons and neutrons in the nucleus 
of an atom is called the mass number. Mass numbers are used to 
identify isotopes. The most common isotope of hydrogen has 
1 proton and no neutrons. Thus, its mass number is 1 (1 proton +
0 neutrons =  1) also called protium. A hydrogen atom with
1 proton and 1 neutron has a mass number of 1 + 1, or 2, and is 
referred to as hydrogen-2, also called deuterium. A hydrogen atom 
with 1 proton and 2 neutrons has a mass number of 1 4- 2, or 3, 
and is referred to as hydrogen-3, also called tritium (figure 2.4). All 
three isotopes of hydrogen are found on Earth, but the most fre­
quently occurring has 1 AMU and is commonly called hydrogen. 
Most scientists use the term hydrogen in a generic sense (i.e., the 
term is not specific but might refer to any or all of these isotopes).

Subatomic Particles 
and Electrical Charge
Subatomic particles were named to reflect their electrical 
charge. Protons have a positive {+ ) electrical charge. Neutrons 
are neutral because they lack an electrical charge (0). Electrons 
have a negative (—) electrical charge. Because positive and 
negative particles are attracted to one another, electrons are
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HOW SCIENCE WORKS 2.1
The Periodic Table of the Elements

Traditionally, the elem ents have been represented in a short­
hand form by letters called ch em ica l sy m b o ls . The table that 
displays these symbols is called p e r io d ic  because the proper­
ties o f the elements recur periodically (at regular intervals) 
when the elem ents are listed in order o f their size. The table 
has horizontal rows of elem ents called p e r io d s . The vertical 
columns are called fam ilies. The periods and fam ilies consist of 
squares, with each elem ent having its own square in a specific 
location. This arrangement has a meaning, both about atomic 
structure and about chemical functions. The periods are num­
bered from 1 to 7 on the left side. Period 1, for example, has 
only two elements: H (hydrogen) and He (helium). Period 2 starts 
with Li (lithium) and ends with Ne (neon). The two rows at the 
bottom of the table are actually part of periods 6 and 7 (between

atomic numbers 57 and 72, 89 and 104). They are moved so that 
the table is not so wide.

Families are identified with Roman numerals and letters , * 
the top of each column. Family IIA, for exam ple, begins with 
Be (beryllium) at the top and has Ra (radium) at the bottom. 
The A  families are in sequence from left to right. The В families 
are not in sequence, and one group contains more elements 
than the others. The elem ents in vertical columns have similar 
arrangements of electrons, and that structure is responsible for 
the chemical properties of an elem ent. Don’t worry— you will 
not have to memorize the entire table. The 11 main elements 
comprising living things have the'chemmal symbols С , H, О , P, 
К , I, N, S, Ca, Fe , and M g. (A  mnemonic trick to help you 
remember them is CHO RKIN S C aFe , Mighty good!).
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Elements (s Series)
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Period ic Table of the Elem ents
The table provides information about all the known elements. Notice that the atomic weights of the elements increase as you 
read left to right along the periods. Reading top to bottom in a family gives you a glimpse of a group of elements that have 
similar chemical properties.


