THIRD EDITION

BIOLOGY

Concepts and
Investigations

Mariélle Hoefnagels

N Lo




BIOLOGY

Concepts and
Investigations



This page intentionally left blank



THIRD EDITION

BIOLOGY

Concepts and
Investigations

Mariélle Hoefnagels

THE UNIVERSITY OF OKLAHOMA




Education

BIOLOGY: CONCEPTS AND INVESTIGATIONS, THIRD EDITION

Published by McGraw-Hill Education, 2 Penn Plaza, New York, NY 10121. Copyright © 2015 by McGraw-Hill
Education. All rights reserved. Printed in the United States of America. Previous editions © 2012 and 2009. No
part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or
retrieval system, without the prior written consent of McGraw-Hill Education, including, but not limited to, in any
network or other electronic storage or transmission, or broadcast for distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside the United
States.

This book is printed on acid-free paper.
1234567890DOW/DOW 10987654

ISBN 978-0-07-352554-9
MHID 0-07-352554-5

Senior Vice President, Products & Markets: Kurt L. Strand

Vice President, General Manager, Products & Markets: Marty Lange

Vice President, Content Production & Technology Services: Kimberly Meriwether David
Managing Director: Michael S. Hackett

Director, Biology: Lynn Breithaupt

Brand Manager: Eric Weber

Director of Development: Rose Koos

Senior Development Editor: Anne Winch

Senior Marketing Manager: Chris Loewenberg

Digital Product Analyst: Christine Carlson

Director, Content Production: Terri Schiesl

Content Project Manager (print): Sheila Frank

Content Project Manager (media): Laura Bies

Senior Buyer: Laura Fuller

Design Manager: Michelle D. Whitaker

Cover Image: (front) © Biosphoto/SuperStock; (back inset) © imagebroker.net/SuperStock
Senior Content Licensing Specialist: John Leland

Compositor: Electronic Publishing Services

Typeface: 10/12 Times Lt. STD

Printer: R. R. Donnelley

All credits appearing on page or at the end of the book are considered to be an extension of the copyright page.
Library of Congress Cataloging-in-Publication Data

Hoefnagels, Marielle.
Biology : concepts and investigations / Marielle Hoefnagels, University of Oklahoma— Norman. — Third edition.
pages cm
Includes index.
ISBN 978-0-07-352554-9 — ISBN 0-07-352554-5 (hard copy : alk. paper) 1. Biology—Textbooks. I. Title.

QH307.2.H64 2015 Proudly sourced and uploaded by [StormRG]
570-dc23 Kickass Torrents | TPB | ET | h33t
2013037459

The Internet addresses listed in the text were accurate at the time of publication. The inclusion of a website does not
indicate an endorsement by the authors or McGraw-Hill Education, and McGraw-Hill Education does not guarantee
the accuracy of the information presented at these sites.

www.mhhe.com



Brief Contents

UNIT1 Science, Chemistry, and Cells UNIT5 Plant Life

1 The Scientific Study of Life 2 22 Plant Form and Function 460
2 The Chemistry of Life 18 23  Plant Nutrition and Transport 482
3 Cell Structure and Function 44 24 Reproduction and Development of Flowering
4 The Energy of Life 70 Plants 496
5 Photosynthesis 88
6 How Cells Release Energy 104
UNIT6 Animal Life
UNIT2 DNA, Inheritance, and 25 Animal Tissues and Organ Systems 518
' 26 The Nervous System 534
BIOtECh“OIOgy 27 The Senses 558
7 DNA Structure and Gene Function 120 28 The Endocrine System 574
8 DNA Replication, Binary Fission, and 29 The Skeletal and Muscular Systems 590
Mitosis 146 30 The Circulatory System 608
9 Sexual Reproduction and Meiosis 166 31 The Respiratory System 628
10 Patterns of Inheritance 186 32 Digestion and Nutrition 644
11 DNA Technology 216 33 Regulation of Temperature and Body Fluids 664

34 The Immune System 680
35 Animal Reproduction and Development 700

UNIT3 The Evolution of Life

12 The Forces of Evolutionary Change 236 The ECOIOgy Of I.ife

13 Evidence of Evolution 260 _ _
14 Speciation and Extinction 280 36 Animal Behavior 728

15 The Origin and History of Life 304 37 Populations 748
38 Communities and Ecosystems 766

N N " 39 Biomes 788
UNIT4 The Diversity of Life 40 Preserving Biodiversity 808

16 Viruses 330

17 Bacteria and Archaea 344
18 Protists 360

19 Plants 378

20 Fungi 398

21 Animals 416

<



About the Author

vi

Mariélle Hoefnagels is an associate professor in the
Department of Biology and the Department of Microbiology and
Plant Biology at the University of Oklahoma, where she teaches
courses in introductory biology, mycology, and science writing.
She has received the University of Oklahoma General Education
Teaching Award and the Longmire Prize (the Teaching Scholars
Award from the College of Arts and Sciences). She has also been
awarded honorary memberships in several student honor societies.

Dr. Hoefnagels received her B.S. in environmental science
from the University of California at Riverside, her M.S. in soil
science from North Carolina State University, and her Ph.D. in
plant pathology from Oregon State University. Her dissertation
work focused on the use of bacterial biological control agents
to reduce the spread of fungal pathogens on seeds. In addition
to authoring Biology: Concepts and Investigations and Biology:
The Essentials, her recent publications have focused on creating
investigative teaching laboratories and methods for teaching
experimental design in beginning and advanced biology classes.
She frequently gives presentations on study skills and related

topics to student groups.



Preface

Vision and Change in Undergraduate Biology Education: A Call
to Action encourages instructors to improve student engagement
and learning in introductory biology courses. The central idea
of the Vision and Change report is that we need to turn away
from teaching methods that reward students who memorize and
regurgitate superficial knowledge. Instead, we need to empha-
size deeper learning that requires students to understand and
apply course content. This idea is precisely what I have tried to
achieve since I started teaching at the University of Oklahoma
in 1997, and it has been a guiding principle in the creation of
my books and digital material as well.

As you examine this new edition and its supplements, I
hope you will see an emphasis on connections and the “big pic-
ture.” In addition to new features like chapter summary figures,
integrated media icons, SmartBook™, and tutorial animations,
we’ve updated and improved many features present in the last
edition, including chapter opening essays, Investigating Life

sections, boxed readings, and multiple choice and open-ended
questions. Every chapter also has a study tip, so students learn
to master the skills they need to be successful in biology and
every other class.

I agree with the Vision and Change report’s call for instruc-
tors to embrace active learning techniques, but I also believe
that one set of tools and techniques does not work in every
classroom. For that reason, my team and I are proud to create
a package that gives you the flexibility to teach introductory
biology in a way that works best for you. Pages viii—xiii illus-
trate the features and resources for this edition that can help you
meet your teaching goals.

I hope that you and your students enjoy this text and that it
helps cultivate an understanding of, and deep appreciation for,
biology.

Mariélle Hoefnagels
The University of Oklahoma
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Author’s Guide 7 Using this Textbook

This guide lists the main features of each chapter and describes some of the ways that I use them

in my own classes.

¢ The Learning Outline introduces the
chapter’s main headings and helps students
keep the big picture in mind.

Each heading is a complete sentence that summarizes the
most important idea of the section.

The gradual change in leaf colors as a chapter unfolds
indicates where the student is in the chapter’s big picture.

LEARNING OUTLINE

B o wyses
%% 2 Diplold Cells Contain Two Homologeus Sots
of Cheomesomis.

Prenatal Diagnosis Highlights
Ethical Dilemmas

BARBARA IS PREGNANT, Like trstrry wonsen, she periodically
T e Tetas exumised by nleasinand, Bardra delighes in seciag
her wnbern child, bat her latest scam has revealed a possibbe ab-
normality, Her phiyaician connol be sure of thie disgnodds sl A Gamigtns Ay Haplold Seo Cells.
onleriog i teof the fefus achnmmn:\ B Specialized Germ Colls Undergo Mesosis
Herw 14 il possibie | c ha Chy

Students can also flip to the end of the chapter before
starting to read; the chapter summary and Pull It Together
concept map can serve as a review or provide a preview of
what’s to come.

<+

T 23 fhelosis s Essentlal in Sexual Reproduction

ol a Fediis. which i itsedF tuckiad it (he mother's ulirs? A et N
niclam begins by extracting 4 small amooen of the Nuid or tissue W s Madpis, DNA
surrsning i developing fess. el cells in the ikl G then Ao
be a £l Fott’s o A I Mesoals |, omalgous Cheamonnmes Pair g
and Separie

g e " . Inchuil-

e tmage may neveal m‘nl:}qmnhh o il bess, I bl 5 Malosl Vields Four Haglold Celi
Ing massing o Ui e N s
of jeneric material feun ane cheomeosome o anndier 17 e piy- Maiosis Generates Enormous Variabdlity L H t L t d t. h I t d t
sican s  shvoeosarual sbaurally, Bt ay Gomsull A Crasing Ove Sttt bt ¢ Learn fow 10 Learn study tips help students
a connschin whi cam advise ber on how best e prepane for she £ ‘ﬂ“’l':"““"';‘"“" Align Ranclomly During

thirth of her haby. In the case ol 2 severe abwivrnallisy, Barham
may decsde i seek an ahaowion, emling he pregnancy. Bor thks “
ehoice ises many dillicull ssues
Prenmal diagmosis Whusiraes one of oany. inesections
berween morality and science, Fow people would srguc agains ‘
Basharn's wse f prenaial dlagnosts ko lear more aboul i possible
{Finess, But should parents have e right 1o expose & fitus 40 the % RN )
sl tisis of prematal serecming simply 19 determing s sex! C. S Scady Chwurmicacoms Mooormiaiies Al Otow
Snhoutil parents be aflowed 1o shon a fetus of the “wionp” sex! ‘ 8 Haplosd Ruchel Are Packiged inta Gamutes
What if as expeciant mogher lives in a coustry where haking i A I Mutnaes, Ganstes Foom in Testes sodf Ovaries
sopond femile child cam being coonomic niln? B In s, Ganetopiotes Prodisce Gamenes.
Funhenmoos, what comsinmes a “sevene” stnomaliny™ Cloaty, a9
fitamy chromosomal delocts are nol survivabile, and the child will the Red Gueen
die-shonly afler e (F not before), On the other hand. the symp-
10 of many COMEON range fom mild 10 severe, and & karyo-
Type Cannet abways predict the severity, And what if § moiber or
Tamily Lachs the resources (o care for a child with special neads?
These are diflicull questives without scientific answers,

develop their study skills.

© Fermilization Multiphes the Diveriity
£ 13

ASummary
9.7 Errors Somatimes Dcer in Melosks
A Polypiondy s Extra Chiomostme S0

Each chapter has one Learn How to Learn study tip, and
you can find a complete list in the inside back cover of the
book.

I present a Study Minute in class each week, with
examples of how to use these study tips.

Science can bwevis, ek us undéstand the origha oF chro-
el ahncermalitics, Many of ther (race o ermors (hal vecie e
during & speciilized. form of cell divisim called mciosis. T i LEARN HOW TO LEARN
huiins sk many (eher oL, mevks pliys o dermg i l Wirita It Out—Reallyl
i fhe proshiciion of sy asel egg cells, which lie al e heart o TICO0h 4 o w15 Shack S Ceaky o A e T

UNITTWO DA, b, and stsctwestony

theredire produces some gametes camying the (F alleks and some
pametes camying 2. All thce possible penotypes may therefore

- 1) 0.3 TheTwo Alleles of a Gene

Tl chapaireiplal iy 3
[ . perexplale Write It OUT quaestions a1 the end of each chapaer. End Up in Different I appeir i the Fy penertion, in the mtio | GG 2 Ge 1 1 g The
reagraphy of rimis. This tip applies aven if the sxams in your dlass are malbiple ,,_,,,::, mqp\;mulmg phesnitypie rtin is e yetlow seeds o oee green
chiice. mnvmmmwiaswwmw sayluqmu Gametes soed, or 311 Mendh fanbar resolts Bor all seven braits Wi he

aqswer in your
el o ltscave 1 cilfenenice batwmar, what o know md
what you ooy THINK yau know,

187

viii

New media icons direct students to resources
that can help them understand difficult topics.

Mendel used & sysiematic sores of Crosses (o deduce the niles of
iberitance, beginning With single genes.

A. The Simplest Punnett
Squares Track the
Inheritance of One Gene

Mendel began with & P generathon consisting of truc-broeding

plants dorived from yellow seeds 161G and tras-breeding greoi-

seeded lasts (zx) The F, uffspring prodduced i this et had

yelbow seeds {penctype Ggh. The green tralt iherefore seemed (0

dissppear i the F, generation
Next, he wsed the F, plasts 10 51 un 2 monshybrid eross: u

mating between wo individsats thal are both heterozypows for

e same gene. The reslting Fy gestrabion hud ot yelkm aed

il tas
P S

suatidied (htars b 7).

Figure it Out
TF Memded maicad o prie- brcding eal] pliod with 2 heseraaygues (a8 plant,
what pewrcal of the offipmg il deo be wall®

)ty

Mendel could fally the plasts wilh esch phenotype, b he
algo needed 1o keep wrack of each pencdype. He knew thal the
preen-seded plants were slways Bomoeygous fecessive ().

Seed eelor ‘f! °

green phematypes. ina ratio uf 3:1 that is. forevery thros yellow || il Db {1
seeds, Mended ohserved one preen seeld
A diapram callod 3 Punteett square uses the genotypes of Tt g
the parents 10 revesl which sllele combinations the offspring may s i
inkent. The Punneut square In S (e, for cxample, shows +
. . . v e green phenalype reappeared in the F generation. Bom — 3
Anlmatlon | b I VIdEO | .' parents are hetereygoos (Ggh for the seed color gee. Each Pod coler h ‘u—'
St b Tman () ol (cf)
| el Pod ferm
. . P | . " Inliaiod (V] Consincied {r)
3-D Animation o Virtual Lab m i i s
- Purpio (F] Westo [
. | .. I i i
Tutorial | { Activity | i "
g =" ! d 8 13 -y Vs
— | Gy o 121 Flawor position e !
160 1269 - 1.9g)
& ijﬂ 166 | (&) | Pronctpic o 31 A (A} Terminel ()
2 ° i B -
LAl i - g :
.
H'u- Vb Tro between e ety &
1631, The twea po
b A —_—
Latdss pa0 Kplak i lie Tal (L) St 1)

ametes aoe Bstod on the lef-hand side, The

Aot cOMpATEIenEs within the Pesra it snuase
eownain the grootyper v phanotypars of all
povsibie ofigeing

Frgure TU.T PeaTraits. Mendels breedng shodies hetped him fo




Investigating Life describes a real
experiment focusing on an evolutionary
topic related to each chapter’s content.

Each case concludes with critical thinking questions
that can be used as an in-class group activity. The
studies touch on concepts found in other units; you can

encourage students to draw a concept map illustrating the

relationships between ideas. You might also use the case
as a basis for discussion of the nature of science.

This edition offers Connect interactive and test bank
questions focused on the Investigating Life cases.
Questions assess students’ understanding of the science
behind the Investigating Life case and their ability to
integrate those concepts with information from other

units.

Author’s Guide

INVESTIGATING LIFE

3 5.7 Solar-Powered Sea Slugs

Most anbmals have an indirect relagioaship with phiiosynthesia,
Plans amil oiber siverophs. use the sun's energy in anknsymi-
sis, i thee fivad ey ake pres on 1 feed the aniials,

But Efyria chiamwicd is an unesual animal by all scoounts
0 00, Thiks sea sbug lives In salt manshes alang the casiem
sl 0F North America. As metionsd in s chapiees opening
essay, £ Fiimalig B solarpowened: W harbors chloropiasts in
the fiming oif Ies gait

These invenicheane snimals do nod inherin thear sobar papels
s thelr parents: instead. they scquire the chioroplass by ealing
Alpus called “water Selt” As o young sea slag pres, (@ punciires
eyl -procn (Hanents of the slgne b sucks gut the cell’s
conienits. The animal digests st of the mstrients, bul cells lining
the shug’s put sheneh the chilnroplasis. The wiganclles siny there
far the rest of the aninsl's [ife, carrying wil phetusynthesis as if
they were still in the alga’s cells, Like 2 plant. the spbar-powered
sea shag can live on senlight and pir,

A chiloropks! requines a T (ousasd perics 10 carmy o
photusynthesis. Although chiloroplasts cotaim iheir mwn DNA,
these genes encode kess than 10% of ihe reguized proreins. INA
I o plam oell's macleus makes up the difference. B slups are
animals, asd the iiuckel lside tieir cells presurcably Lack these
eritically importse genks. How can the chlomaplasts apernie
Il thefr mollisk panens?

Mary E. Rumgho. sl he Uaiversity of Malne. collaborased
with James B Mankst, of Texas ARM Universiay, 1 flid o the
answer They considered 1wo possibilifles. Either the chlnroplasts
ican wWork bnssde the host shog s dhgestive tract without the help of

al genes, o (e slug” cels provide (e necessary

prifeins.

The ressuchers esied (he Nina possibility by searching the
ehilommplan’s DNA far gencs that are exsantial fuy photosynthe-
<k, They discovered (bt 3 gene called prh() wes 1issing from
Ihe chiboroplnst, The pabdd gene encades & protein that is an

Fiquee §. 11 L

Wimor DNA  agus b be
Mg g foerirsl) lacder
= Fa| ot akghe and the ol
wrswerisd” e Wbty contain
b3 gene fatpired for
Pty Thi
ebnnptores Al ety
DNA fragmenty by slom ot
they migrate from the top to
the boetom of the gel The
“lacdes” contam DNA preces
of b iz, orwang the
vesearchers fo estimane the
siee of the D besrg
wicked

exsesiial part of T1 Wikhowit b, phitosy “
Imjpossible. The he: hyparibicsls b
the chlomplasts are autonstons.

Thn left ., whish at the s 's
colls contain the [NA necessany o suppon the chionogilists, The
tesurt hokend For the pebt) pese in the saimal’s DNA, amd ey ot
i Uil A1 43, Mosover. when they scquenced the psbé) geme
o the slug's pemime, o was dentical w the same g 8 algse.

How could 2 geng required Tor phososynibesis hive moved
from 4 flameseous yellow-greon dkga 0 the genome of 0 sea
sug? N tme knows. but the rsearthers geculaie Bl cofls in 3
sug’s dgesiive wact may have tken op fagrments of algal DNA
that spilled feum panially exien dilaments.

Blagisis b know that hactertal species e swap gencs
im & process cslled horizgata| gene transter, Rumpho and Mun-
Tia's sady provides conlncing coidenos ihar homoonta) e
transfes canund does oo
1o, Meareover, genetio evidence fom num- organisms :«lgya]s.
that bairiznnial gene transfer may lave bees extremely comimin
thrsughout life's Tuag history. As o resslt, many biologks s
wicardimg the netion of a tidy evolutionary “tree” in Evor of a
micsséen, bet perhaps more frscinarlng, cvokibonary wickes,
Mupmgdar, Mury [ sord

vagues, e hling Dot 1 Mt 3108
the

il 1, e
ERN MASTERING CONCEPTS
1’ Explain th mes impartant Rding of thi siudyand
icrite
:Mrwuhnleul.

2 etk

! Il wmhrau animall and shme moids 2 norphotosyntho:.
oty T

Nreding Impwliml o hw inserpratasion of the sesults of this
L

CHAFTER SUMMARY

5,1 Life Depands on Photosynthasis ﬁ ot
+ Awsotrophs ae organiss (hal prodioe organic
om s T inopgmis: stning matcrials sech-ec OO, and wpicr.
Tely i e,

LS

and Water
* Photosywthesis convens kncts soergy in light o penial snergy in the
coalern s af bty dmies s i pleone. It b o redon rewali i
which war is ondiznd and OO i redooed
+ Plasts, slpac and some hacteria are photosyatienc
B. Plants Use Carbohydrates in Many Ways
+ Phane s hacoas and bt g g s T i
s i many cvber
tamch or sTOST.

+ Befme ooy iheids conlved, orpmism were beaertmg The fira
asiotmph mesdo e T s available

+ Oiver Ry of yiars, 6nyopen prostacest In phomenyeiiisin chinged
s climale sl s Bistory of ife

53

A What s Lighet

* Viside light bs o serall] pan of the electrommgnitie speciruni.

+ Pholoas movs jn weves. The dhinter e wanelragih, (e mo Kindic
emerpy pet photon. Visble liyght nocs in o speetras o colen
Feproscating differont waveiczgth.

B, Phetoaynthetic Pigments Capturs Light Energy

o Clboroplipll o b the peiimary photoymbetic pgric b lams
Accomary plgments s wavelesgths of light 15a climophyl) =
vanesn aborh,

€, Chiaroplasts Are the uuuf Phatasymtheis

+ Plassy [

+ Lt mmpmeplylh e sontain snant loroplast.

o A chlroplast sussis ,pu_-....n.nu el the stroua, Grasa e
stacks of v "

L . The

53 Phum;mnuu &mlnmsm

e ATP

---»mm |.nudnmmy.mf|mmmw e g «ulumamm
weaction il | od

5.4 The Ligh i Bk e

& e i

Figisre 3.14 Light i
and Carban Ruactions.

5.5 The Carbon Reactions Produce Carbohydrates
* Tiw carbon Ftiom o Y r-m-m' h elocirons m.‘..wnnl
in earban Il k00,
|l| ho Calvin cycle, reblse catalyres tha reaction nl{\\. mum

iphenphute (LUEF) o yieh 1w mbpcules of PGA. These are
omvenied o PGAL, the [mmsdose penduct of photosymthes. PGAL
tatey becomes gl snd other cabotydrato.

5.6 Cy €y, and CAM Plants Use Different Carban

Fixation Pathways

= The Culvia cycle b alsn called the ©C, pathmay. Mint plan ipecies ere
G han. which wy oy his pttnay o i carbon

Wi 0 -y

 Podouytem 1] captaves Sigh energy anl sench ol
gyl o o s electrun iramsport chala.

= Electmms from chloenphy are replacad wilh aloctmas o wast. Uy s
1B it prvaln

= The enerpy nebassad in e dhoctmon trmapon chai dnves the sifive
teamspint of protims i the thylakoid spacs. The prodom ilfess oo
throasgh channch b ATP symihase, This movemen posers the
phesphorylasion of ADP s ATR

+ The couplisg of the foction gradies amd ATP fosmatios by edled
ahemnbametic phisphery fatkon.

o, Eb

+ Phososyaem | e
gt purmvaadas thi emirgy’ o send the elocimms o3 second chain, whh
e Wb o veadnge MADE. The prodoct i NADIH.

0 Inssed o €0

= The €, iy rolsces phetiniesphiations by sepérating the light sl
warkow peactions into dilerem cells, In mesophyl] cels, CTX & oal asd
et melieede, wiich mines 1o 3 bunde-sheath ool and
Tl CO3 b st [l g (1 e Cabvin cyide

+ I the CAM pathway, oty plami such aa cacth upen their stomals ssil
ke i O, 40 sighe, s e fuiedl exnton i viscuoliss. Dirimg 1he
iy, ey splin afl €100 s 8 i chiopoptasse im the samo sells.

57 b e :
* The ew slug

fiedh & |I|n|||(mnnn dljgs The shig's IINA il a grme rogainss) e
sy e

Slugs

‘_

-

New summary figures emphasize the
relationships among topics in the chapter.

These figures consist of “big-picture” combinations of

art from the chapter.

The Chapter Summary highlights
—® key points and terminology from

the chapter.



X Author’s Guide

Write It Out and Mastering Concepts questions ¢

are useful for student review or as short
in-class writing assignments.

I compile them into a list of Guided Reading Questions
that help students focus on material I cover in class. I also

use them as discussion questions in Action Centers, where
students can come for additional help with course material.

Burning Questions cover topics that students
wonder about.
I ask my students to write down a Burning Question on the

first day of class. I answer all of them during the semester,
whenever a relevant topic comes up in class.

Figure It Out questions reinforce
chapter concepts and typically have
numeric answers (supporting student
math skills).

Students can work on these in small groups, in

34 5.3 Photosynthesis o
Occurs in Two Stages Nyl

Vet & Clib0mpisl. POy Titiests oocurs i o Slapes i
Tight reactions amd the carbon reactions. | s 87 ssmmarizes
the ewtire process. smf sections 54 sl 5.5 describe each pan in
gresmer detail

The light renctions comvert s energy 10 chernical energy,
{¥ou can thieh, of the Hght reactions s the “phota-" pant of
phodosyniesis, ) In the elifomplast’s iylakoid membranes. pig-
et maleeules in two lisked photosysems capture Kisetic
energy from photans and siose i as potendial enesgy in the chemi-
el bowils uff tao imolecubes! ATP asd NADPH.

Recall frum chapter 4 that ATP is a nuclentide thar stpees
potential energy in the covakent bomds between I1s phosphate
groips. ATP formis when a phosphate group is added w ADP
{aee Tigure 4.9). The uther energy-rich product of 1he light
renciioms, NADPH, is o coenzyme that carries pairs of ener-
giecd elocorons. In phowsyaihests, these checirons come from
ome ol the 1wo resclivn conter chiorophyll moleciles, Once
ihe light reagtions are underway, chlorophyll. i turm, replaces
Its “hosl” chectrons. by splining water malecules., yickling O,
a3 waste product. () coensymes, . (00

These wo Tesoences (enevgy and “Ynled™ eleciran curiers)
set th stage fr the sccond pan of photosywihests: the carbon
reactions. In the carbon reactions. the cell uses ATF, the high-
energy electrans in NADFH, and 0, 1w produce sugar mole-
onles {Thess restoss e the <synibesis” part af photosy nihess, |
Tz ATP amd NADFH come from ihe Nght reactions, amd the CO,

Whiy do leaves change calors in the fall?
Mosi leaves an: green temughout 3 plaat's growing &
Taniliar green calos [ ram——]

ni pigment in pholosyulhesc plani

e Bss e Lol ala contains ot plotosyaibet
pigmeents. Camencals cosribule beilfiant yellaw, o
ange, i rod bues. Pl pagnsemy, sach 2 snithocys-
mams. e nol photosysthotically scive, bet they do
prinect leaves fiom dasags by uliravioler rudsation
Camotenaids ane less sbundoes thes cblorophyll. w0
gy usssally remain e inible 1o the msbied eye during the prow-
g w1, As wimter appumaches, however, mary plasts propan i
b thewr lewvesAnihocyanin socumilsie whike chinrophy 1 deprake.
and the ey “unmaskal” camenoed pipmems neveal their aolors for 2
hon thme 24 1 spectaular aunuma doplay. These pgmens swon diap-
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This term is misleading, however, becamse the carbon reactions
ocgur mostly during the day. when the Tight resctions e produc-
ing ATP and NADPH, A more scoumnte altermtive wioukd be 1he
“light-dndepemndent neactions.”
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Submit your burning question 1o
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class, or in Action Center. Most could easily be
used as clicker questions as well.

Figure ItOug

If you could expose plants to just one wavelength of light at a time.
wauld a wavelength of 300 nm, 450 am. or 600 nm produce the highest
photosynthetic rate?
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Flyurs 5,15 Pull it Together: Photosynthesis.

Refer to fuarn 505 awl the cliuprer coment to answer the following questions.
1. Where do electron transport chains fit into this coneepl map?

2 How would you ineorporate the Calvip eycle, rbisco, C, plants, Cy
plants, and CAM plans into this eoncept map?

3 Where do humans and other heterorophs fitinto tns concept map!

4 Build ancther small concept mup shiwing the relaionships among the
terms llonplagt, stroma, grang, deylakoid. plotos) , and eldamplyll,

5 Add a connecting phrase o the concepl map o show whit huppens 1o
sugir afier it is produced.

Pull It Together
concept maps
help students
see the big
picture.

After spending class
time discussing

the key points in
constructing concept
maps, I have my
students draw concept
maps of their own.




P

Eukanyotic oalis are different from prokaryotic

in that they contain

McGraw-Hill LearnSmart’ is a popular tool
that helps students learn material ahead of
class and practice with it afterward.

Do you know the answer? (Be honest)

I assign LearnSmart before each week’s lectures and let

ELEARNSMART | e oo

4 Tevestigations - Mestaagels Is

calls -——

semester. You can assign any sections you want and adjust

the amount of detail depending on how much time you
expect students to spend on the assignment.

Reports show which topics students struggled with, so
your in-class time can be spent more productively. S ke e e

All Matted

New SmartBook™ measures what e——p| .
students know and then highlights the :

content they most need to study.

SmartBook predicts when students are likely to
forget specific information and revisits that content to
promote long-term memory.

¢ McGraw-Hill Connect’ question

banks contain integrative activities
that can be sorted by Bloom’s Level,

- . . additional review prior to the exam
Topic, Section, or Learning Outcome. P

I assign Connect homework assignments using

. ] - specific student, using several different criteria.
interactive questions before each exam.

Connect reports reveal which topics need

Reports can help assess overall class performance or data for a

This edition features new question banks that report types
integrate content from each chapter in the unit and
between units. assignment resulits
v See student scores in high. medium and low ranges
=i A= S e I— student performance

el Quickly review an individual student’s performance

assignment statistics

Mean, highest, lowest scores on each assignment
Iitem analysis

How your students scored on each assignment item

category analysis
Performance based on item category critefia you choose

Xi
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You can use McGraw-Hill Tegrity’ to record
your lectures and make them available to
students in Connect as a first step to
learning your content or as review.

Whether your course is traditional, fully online, L r—

- T

or a hybrid, your students can access your

content when it works for them. jomtan _ miws deen Jged

Students can search your lecture by key term
and go right to that point in your lecture to

L

B

v Lo I

review.

' & Oegrity

Recerda Class Qegrity

New customizable PowerPoint® Lecture
Outlines are focused on concepts and are
useful for online, hybrid, or traditional
courses.

I use clickers in my course, and I find the clicker questions

Glycolysis Splits Glucose

[+
Glycolysis occurs outside
of the mitochondrion, in

in the PowerPoints® to be a handy way to increase student the cytoplasm.

engagement and assess where [ :

need to spend more time. ) x i
P Clicker Question #4

If 8 glucose molecules enter glycolysis, the
net products will be pyruvate
molecules and ATP molecules,

i Conpanies, Irec. Pavmissicn meuied for repcchon or dssley.

Use McGraw-Hill Create™ to develop course
material that matches what you do in the
classroom.

Create lets you select the chapters you want to use, arrange

them to follow your syllabus, combine material from other
sources, and upload your own notes.

You can choose the delivery method that best suits you and the
students you teach.

http://create.mcgraw-hill.com

Your courses evolve over time.

Find and choose content —or add your own.
Selwct content by discipiine or collection, including: -

- 0000 arvcien 11,509 resmngy

Shouldn't your course material?
Cuniomize yoar own hugh Guaity
|
Do More:




Animated tutorials guide students through
complicated topics, using illustrations and
examples from the book.

I created these to walk students through the most difficult
material, step by step. You can assign the tutorials with
accompanying critical thinking questions from the interactive
question banks, or use the embedded PowerPoint® files in
your presentations.

Your students can review the tutorials through the eBook or
by using the media tab in Connect. Topics include

Organization of Life

Scientific Method and Interpreting a Graph
Chemical Bonding

Dehydration Synthesis and Hydrolysis
Anatomy of a Cell Membrane

ATP

Enzymes

Reaction Energetics

Osmosis

Cell Structure

Overview of Photosynthesis

Light Reactions

The Calvin Cycle

Overview of Respiration

Mitochondrial Electron Transport Chain
Fermentation

Protein Structure

Protein Synthesis

Overview of DNA Replication

Stages of Mitosis

Stages of Meiosis

Comparison of Mitosis and Meiosis
Crossing Over

Nondisjunction

Homologous Chromosomes
Constructing and Interpreting a Punnett Square
DNA Profiling

Mechanisms of Evolution

Genetic Variation: The Basis of Natural Selection
Understanding the Hardy—Weinberg Equation
Evidence for Evolution

Evidence for Human Evolution
Radiometric Dating

Reading an Evolutionary Tree

Origin of Life

Endosymbiont Theory

Viral Replication

Lytic and Lysogenic Cycles

Replication of HIV

Prokaryote Diversity

Protist Diversity

Plant Diversity

Author’s Guide

P during

Cells produce ATP durl
cellular respiration

L R = o -

Moss Reproductive Cycle

Fern Reproductive Cycle

Conifer Reproductive Cycle
Sexual Reproduction in Angiosperms
Basidiomycete Reproductive Cycle
Diversity of Fungi

Animal Diversity

Overview of Plant Tissues

Phloem Sap Transport

Water Movement Through the Xylem
Alternation of Generations

Fruit Development

Overview of Animal Tissues

Organ System Interactions
Example of Negative Feedback
Action Potential

The Synapse

Overview of the Senses

Sense of Vision

Sense of Hearing

Cell Responses to Hormones

Role of ATP in Muscle Contraction
The Heartbeat

Respiratory Surfaces

Digestion and Food Molecules
Nephron Function

Adaptive Immunity

Allergies

Oogenesis

Human Male and Female Reproductive Systems
Ovarian and Menstrual Cycles
Proximate and Ultimate Behaviors
Population Growth Models
Biomagnification

Water Cycle

Nitrogen Cycle

Phosphorus Cycle

Carbon Cycle

Earth’s Climate and Biomes

CO, and Earth’s Average Temperature
Threats to Biodiversity

xiii



Acknowledgments

It takes an army of people to make a textbook, and while I don’t
work with everyone directly, I greatly appreciate the contributions
of each person who makes it possible.

Matt Taylor has worked alongside me at every stage, from
first draft to finished product; in addition, he has seamlessly inte-
grated the book’s approach into our digital assets. His careful
work and insights are invaluable.

I appreciate the help of my colleagues at the University of
Oklahoma, including Doug Gaffin, Ben Holt, Sharon Kessler,
Heather Ketchum, Edie Marsh-Matthews, Heather McCarthy,
Ingo Schlupp, and Mark Walvoord. Helpful colleagues from
other institutions include Kimberly Demnicki, Pete Ducey, Paul
Graham, Leslie Jones, and Tony Stancampiano.

I am grateful to several OU students. Caleb Cosper and Emily
North have scrutinized art and narrative with good humor and a
gentle touch. Rachel Hunter analyzed page layouts early on, and
conversations with students in my classes spark many good ideas.

My team at McGraw-Hill is wonderful. Thank you to
Michael Hackett for his guidance and friendship. Lynn Breit-
haupt, a recent addition to the team, has been supportive in many
ways. I admire Eric Weber for his devotion to creating qual-
ity products that really help students learn. Anne Winch has an
amazing ability to juggle many tasks, all while remaining both

responsive and funny. Chris Loewenberg contributes energy and
great ideas to the marketing side. Sheila Frank keeps the produc-
tion team moving forward with enviable skill, and I appreciate
designer Michelle Whitaker’s support and eye for detail. Emily
Tietz and John Leland provide outstanding service in photo
selections. Christine Foushi is my software lifeline. Jane Peden
has made life easier in countless ways. Finally, I appreciate my
friends Michael Lange (now retired) and Patrick Reidy, without
whom I would not be writing textbooks at all.

Electronic Publishing Services, Inc., produced the art and
composed the beautiful page layouts. I appreciate their artistic
talent and creative ideas for integrating the narrative with the
illustrations and remain in awe of their ability to turn my rough
sketches into new art.

My family and friends continue to encourage me. Thank
you to my parents and sister for their pride and support. I also
thank my friends Nicole Campbell, Kelly Damphousse, Ben and
Angie Holt, Karen and Bruce Renfroe, Ingo and Andrea Schlupp,
Clarke and Robin Stroud, Matt Taylor and Elise Knowlton, and
Mark Walvoord. Sidecar the cat occasionally stops in at the office
as well. Finally, my husband Doug Gaffin is always there for me,
helping in countless large and small ways. I could not do this
work without him.

: Christine Bozarth Thomas Chen
ReV|ewerS Northern Virginia Community Santa Monica College
Adjoa Ahedor College—Alexandria Stephen Chordas III

Rose State College

Bonnie Amos

Angelo State University
Dianne Baker

University of Mary Washington
Ellen Baker

Santa Monica College
Alessandra Barrera

Georgia Gwinnett College
Michael C. Bell

Richland College of the DCCCD
Cheryl Boice

Florida Gateway College

Xiv

Christopher Brinkley

South Piedmont Community College
Katherine D. Buhrer

Tidewater Community College
Kristin Byrd

Tarrant County College—Northeast
Ningyun Cai

State University of New York—Potsdam
Kelly Cartwright

College of Lake County

John Caterina

Bethel University

The Ohio State University

Genevieve C. Chung

Broward College

Carol M. Cleveland

Northwest Mississippi Community
College

George Cline

Jacksonville State University

Jessica Mayfield Cook

Southeastern Louisiana University

James Crowder

Brookdale Community College



Deborah Dardis

Southeastern Louisiana University

Christopher DeDual

Mississippi Gulf Coast Community
College

Phil Denette

Delgado Community College

Jessica DiGirolamo

Broward College

Diane Dorsett

Georgia Gwinnett College

Kari Eamma

Tarrant County College—Northeast

Laurie Ertle

Tarrant County College—Southeast

Robert Ewy

State University of New York—Potsdam

Gregory Farley

Chesapeake College

Ginger Fisher

University of Northern Colorado

B. L. Frye

The University of Texas—Arlington

Marla Gomez

Nicholls State University

Melissa Greene

Northwest Mississippi Community College

John Griffis

Joliet Junior College

Christopher R. Hardy

Millersville University of Pennsylvania

Katina L. Harris-Carter

Tidewater Community College

Lynette Hauser

Tidewater Community College

Dale R. Horeth

Tidewater Community College-Virginia
Beach

Eva Horne

Kansas State University

Meshagae Hunte-Brown

Drexel University

Amy G. Hurst

Rose State College

Saiful Islam

Northern Virginia Community College

Dawn Janich

Community College of Philadelphia

Elizabeth Jordan

Santa Monica College

Pramod Kumar

The University of Texas—San Antonio

Alexandra Kurtz

Georgia Gwinnett College

Stephen Lebsack

Linn-Benton Community College
Cynthia Littlejohn

University of Southern Mississippi
Kathryn Loesser-Casey

University of Mary Washington
Marlee Marsh

Georgia Gwinnett College

Juan Luis Mata

University of South Alabama
Leanne May

Rose State College

Lindsay McWilliams

Nashville State Community College
David W. Miller

Clark State

Alice Monroe

St. Petersburg College

Christine Mutiti

Georgia College and State University
Jon Nickles

University of Alaska—Anchorage
Maureen Nosal

The College of New Jersey

Kevin Oley

Appalachian State University
Mary Phillips

Tulsa Community College

Joel Piperberg

Millersville University of Pennsylvania
Dan Porter

Amarillo College

Jessica Rabb

Nashville State Community College
Kevin Ragland

Nashville State Community College
Marceau Ratard

Delgado Community College

Jay Raveill

University of Central Missouri
James Rayburn

Jacksonville State University

Mary Rosenthal

Nashville State Community College
Amanda Rosenzweig

Delgado Community College
Cameron Russell

Tidewater Community College
Liza Ryan

St. Petersburg College

Acknowl edGements XV

Gary Shin

California State University—
Long Beach

Marilyn Shopper

Johnson City Community College

Ken Spitze

University of West Georgia

Thaxton Springfield

St. Petersburg College

Anthony Stancampiano

Oklahoma City University

Barbara Stegenga

The University of North Carolina—Chapel
Hill

Frederick E. Stemple, Jr.

Tidewater Community College

Brian Stout

Northwest Vista College

Lisa Strong

Northwest Mississippi Community College

Ronald Tavernier

State University of New York—Canton

Jeff Taylor

State University of New York—Canton

Todd Tupper

Northern Virginia Community
College-Alexandria

Ryan Wagner

Millersville University

James Wallis

St. Petersburg College—Tarpon Springs

Mark Walvoord

University of Oklahoma

Matthew Waters

Valdosta State University

Gwen Wehbe

Onondaga Community College

David Wheeler

South Piedmont Community College

Amy White

Virginia Western Community College

Sonya J. Williams

Oklahoma City Community College

Robert R. Wise

University of Wisconsin—Oshkosh

Kimberly Zahn

Thomas Nelson Community College

Martin Zahn

Thomas Nelson Community College

Ted Zerucha

Appalachian State University



XVi chAnGes by chApter

Changes by Chapter

UNIT1 Science. Chemistry, and Cells

* Chapter 1 (The Scientific Study of Life): Broadened the focus
of the chapter-opening essay to better illustrate the scope of biol-
ogy; added illustration for homeostasis; clarified explanation of
how to write a scientific name; improved descriptions of terms
related to the process of science, such as how predictions follow
from hypotheses and the distinction between facts and theories.
Chapter 2 (The Chemistry of Life): Wrote new chapter-opening
essay on chemical defenses; added new illustrations of isotopes,
electronegativity trends, adhesion and cohesion, functional
groups, diverse protein shapes and functions, and denaturation;
added more everyday examples; responded to student requests to
simplify several paragraphs and rearrange section subheadings;
added new Investigating Life on aphids that change color.
Chapter 3 (Cells): Added table to explain cell theory and figures
to depict cell similarities, improved cell membrane figure to show
selective permeability, added sterols to plant cell membranes,
added new illustration showing free and membrane-bound ribo-
somes, created new Investigating Life piece on bacteria that detect
magnetic fields.

Chapter 4 (The Energy of Life): Added new figure showing how
the cell uses ATP, included an analogy of oxidation—reduction in
narrative and art; improved figures to connect activation energy
with enzyme action, brought examples of enzyme inhibitors
closer to the passage on negative feedback, added table that com-
pares and contrasts different forms of membrane transport.
Chapter 5 (Photosynthesis): Modified some headings to improve
clarity of main ideas, added new Figure It Out, added a table to
clarify that photosynthesis occurs in bacteria and eukaryotes,
improved illustration and description of photosystem structure
and pigments, improved explanation in the box on why leaves
change color in the fall, added illustration in Apply It Now box
showing where herbicides block photosynthesis, improved the
illustration of C; and C, leaves.

Chapter 6 (How Cells Release Energy): Clarified that all cells
need ATP and that aerobic cellular respiration is extremely com-
mon in eukaryotes, bacteria, and archaea; named and labeled
the “transition step” throughout the chapter’s figures; improved
explanation of and added a summary figure depicting substrate-
level phosphorylation; added a Figure It Out question on fat
metabolism; debunked the myth that lactic acid causes delayed
muscle soreness; reworked figure summarizing the main energy
pathways; explained evolutionary significance of chloroplasts’
and mitochondria’s double membranes.

UNIT2 DNA, Inheritance,

and Biotechnology

Chapter 7 (DNA Structure and Gene Function): Reworked the
chapter opening essay to acknowledge that the Human Genome
Project is “old news,” yet its implications reach far into the future;
streamlined section 7.2; added a figure illustrating the relationships

among cells, chromosomes, DNA, and genes; introduced epi-
genetics; reworked the section on mutations to improve clarity;
moved biotechnology content to a new chapter (chapter 11).

* Chapter 8 (DNA Replication, Binary Fission, and Mitosis):
Wrote new chapter opening essay on gigantism and dwarfism,
added binary fission; clarified number of chromosomes in figures
throughout chapter, improved explanation of the participants in
DNA replication, added a new figure showing origins of repli-
cation, clarified the distinction between “chromatin” and “chro-
mosome” in the figure showing DNA packing, added figure on
ethnicity and breast cancer mutations, added photo of syndactyly
to the apoptosis figure, moved biotechnology content to a new
chapter (chapter 11).

* Chapter 9 (Sexual Reproduction and Meiosis): Clarified num-
ber of chromosomes in figures throughout chapter, reworked
nondisjunction figure to improve separation between meiosis
and fertilization, added Figure It Out to reinforce the “reduction”
function of meiosis, wrote new Investigating Life piece on how
sexual reproduction is adaptive in an environment containing
evolving parasites.

e Chapter 10 (Patterns of Inheritance): Changed upper- and
lower-case letters to be more easily distinguishable from one
another throughout art, improved context of many figures to
enhance clarity, added two new Figure It Out questions in the sec-
tion on linked genes and chromosome mapping, reworked figures
illustrating pleiotropy and epistasis, added a new Burning Ques-
tion box on obesity and epigenetics, developed new figure on X
chromosome inactivation and Rett syndrome, replaced all genet-
ics problems in end of chapter materials, modified “How to Solve
a Genetics Problem” to add a labeled section for the product rule.

* Chapter 11 (DNA Technology): This new chapter contains parts
of chapters 7 and 8 from the second edition, with new content
added on DNA probes, preimplantation genetic diagnosis, genetic
testing for disease, gene therapy, and ethical issues surrounding
the medical use of DNA technology; revised content on DNA
profiling, stem cells, and cloning; added boxed readings on gene
doping and genetic engineering.

UNIT3 The Evolution of Life

* Chapter 12 (The Forces of Evolutionary Change): Added intro-
ductory section introducing the concepts of population, gene pool,
and allele frequencies; refuted the misconception of evolution
as being “need-based”; explained the distinction between artifi-
cial selection and human-influenced natural selection; reworked
Hardy—Weinberg section for simplicity and clarity; updated
Investigating Life piece on fish harvesting experiment.

* Chapter 13 (Evidence of Evolution): Revised geologic time scale
figure to add information and improve accuracy; added examples
of convergent evolution in plants; added art showing how homeo-
tic genes control limb development in chicks and pythons; rear-
ranged section on molecular evidence to place all DNA evidence
together; revised other art for clarity; moved Investigating Life on
Tiktaalik and Najash fossils to this chapter, to better illustrate how
scientists study evolutionary transitions.



* Chapter 14 (Speciation and Extinction): Reworked multiple
figures for clarity, added figure illustrating similarities between
species that share a taxonomic level, added Burning Question
on watching speciation and evolution in action, expanded Apply
It Now box to include data on vertebrate and plant extinctions,
updated data in Investigating Life section.

* Chapter 15 (The Origin and History of Life): Moved figure
summarizing origin of life earlier in the chapter, so it serves as
an advance organizer; added figures on the accumulation of O, in
the atmosphere and on secondary endosymbiosis; reworked figure
on membrane infolding; added Burning Question explaining why
mitochondria and chloroplasts cannot live independently; created
new Investigating Life on human genetic diversity within and
between continents.

UNIT4 The Diversity of Life

* Chapter 16 (Viruses): Added a figure comparing a virus, a bac-
terial cell, and a eukaryotic cell; improved viral replication and
HIV figures for accuracy and clarity; revised Apply It Now box on
anti-HIV drugs to incorporate new research on coreceptors, gene
therapy, and stem cells; expanded Burning Question to explain
that HPV is associated with mouth and throat cancers in men.

* Chapter 17 (Bacteria and Archaea): Added figure comparing
archaea and bacteria, added figure comparing gram-negative and
gram-positive cells, added figure illustrating examples of anaero-
bic and aerobic habitats, reworked horizontal gene transfer figure
for clarity and to make it more explanatory, expanded Apply It
Now box to explain what ordinary people can do to prevent the
spread of antibiotic-resistant bacteria, moved figure and descrip-
tion of binary fission to chapter 8 (DNA Replication, Binary Fis-
sion, and Mitosis), mentioned the microbes that helped clean up
after the Deepwater Horizon blowout in 2010.

* Chapter 18 (Protists): Improved illustration showing primary
and secondary endosymbiosis, improved explanation of eukary-
otic “supergroups” with changes to the narrative and an updated
table, added new Investigating Life piece on bioluminescent
dinoflagellates.

* Chapter 19 (Plants): Rearranged the description of the bryo-
phyte life cycle to correspond better to the step numbers in the fig-
ure, reworked step numbers in the gymnosperm and angiosperm
life cycles to begin with the most familiar part (the mature tree),
added to the list of destinations for corn in the Apply It Now box.

* Chapter 20 (Fungi): Added illustration to show the difference
between haploid, dikaryotic, and diploid cells; reworked Pull It
Together to provide more information about spore and hypha types.

* Chapter 21 (Animals): Added chapter opener describing possible
causes of the Cambrian explosion; reworked phylogenetic trees to
eliminate confusion between the name of each group and its list
of characteristics; reworked taxon-specific art to follow a uniform
format, including evolutionary trees showing key features and
a consistent set of information relevant to each group; reworked
the narrative to emphasize how the environment selects for each
group’s adaptations; combined hagfishes and lampreys into one
section; expanded coverage of fishes, including the versatility of the
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jaw and the evolution of limbs from fins; created new Investigating
Life on the evolution of genes contributing to complex body plans
in the Cambrian explosion.

unNiT5 PlantLife

e Chapter 22 (Plant Form and Function): Added illustration
comparing woody and herbaceous plants; added photos and
reworked figures showing modified stems, leaves, and roots;
added cross section of monocot leaf for comparison to the eudicot
leaf; rearranged chapter to improve the transition from primary to
secondary growth; added inset for intercalary meristem to figure
illustrating meristems; added rays to illustrations of secondary
growth; added whole tree for context to wood anatomy figure.
Chapter 23 (Plant Nutrition and Transport): Clarified explana-
tion and illustration of changes in guard cells as stomata open and
close; rearranged section on xylem transport, creating a new sec-
tion explaining water movement into roots; improved illustration
of aphids feeding on phloem; reworked illustration in Investigating
Life section to improve connection between treatments and results.
Chapter 24 (Reproduction and Development of Flowering
Plants): Added illustrations of asexual reproduction and grafting;
clarified figure depicting angiosperm life cycle; improved expla-
nations of seed dormancy, fruit functions, and seed dispersal; clar-
ified why cotyledons are called “seed leaves”; clarified the role
of abscisic acid; reworked illustration of phytochrome to make
its action less abstract; distinguished among annual, biennial, and
perennial plants.

UNIT6 Animal Life

* Chapter 25 (Animal Tissues and Organ Systems): Updated sta-
tistics for organ transplantation, improved illustration of anatomical
terms, added interstitial fluid and clarified role of urinary system
in illustration of organ system interactions, clarified explanations
of negative and positive feedback, reworked Investigating Life to
clarify the vitamin D/folic acid tradeoff.

Chapter 26 (The Nervous System): Created new chapter opener
on concussions, improved illustration of interacting neuron types,
added illustration of simplified action potential, improved explana-
tion and illustration of reflex arc, expanded Burning Question box
to include honey bee venom, clarified illustration of sympathetic
and parasympathetic divisions of the nervous system, clarified dis-
tinction between structural and functional regions of the cerebrum,
added illustration of blood-brain barrier.

Chapter 27 (The Senses): Clarified the roles of the senses beyond
maintaining homeostasis, improved connection between each sense
and relevant brain regions, clarified illustration of sensory recep-
tors in skin, clarified location of photoreceptor cells in octopus eye,
clarified and simplified illustration of the path of light in the retina,
simplified terminology in describing path from eyes to primary
visual cortex, reworked and clarified Apply It Now box on correct-
ing vision, added illustration of “unrolled” cochlea to show how
the ear perceives sounds of different frequencies, clarified function
of the vestibular apparatus, created new Investigating Life on pain
perception in naked mole rats.



xviii chAnGes by chApter

e Chapter 28 (The Endocrine System): Created new chapter-
opening essay on stress hormones, clarified the distinction between
types of water-soluble hormones, added information on how cells
can alter their sensitivity to particular hormones, clarified descrip-
tion of hormone-induced signaling cascade, improved illustration
of hormones of the hypothalamus and pituitary, clarified role of
prolactin, simplified figure of adrenal hormones, clarified the expla-
nation of the use of epinephrine injections in severe allergic reac-
tions, improved illustration of pancreas, updated data on obesity
and diabetes, added information about gastric bypass surgery and
type 2 diabetes, added Investigating Life on antidiuretic hormone
and pair-bonding.

Chapter 29 (The Skeletal and Muscular Systems): Created
new chapter opener on prosthetic limbs, improved illustrations of
hydrostatic skeleton and scoliosis, clarified description of bone
marrow, simplified description and illustration of bone anatomy,
improved explanation of role of compact bone, clarified role of
estrogen in osteoporosis, improved illustration of interaction
between motor neurons and muscle cells, added figure illustrating
fast- and slow-twitch muscles, added Burning Question on why
heat soothes sore muscles.

Chapter 30 (The Circulatory System): Added Burning
Question on bruises; simplified illustration of heart anatomy;
improved illustrations and descriptions of open circulatory sys-
tem, valves in veins, electrical changes during the heartbeat,
capillary beds, how skeletal muscles drive blood flow in veins,
blood pressure measurement, and lymphatic system; simplified
illustration comparing blood pressure, blood velocity, and vessel
cross-sectional area.

Chapter 31 (The Respiratory System): Clarified the rela-
tionship between the concentration gradient and the rate of gas
exchange; improved illustration of diversity in respiratory sys-
tems; improved connection between circulatory system and respi-
ratory system evolution in vertebrates; clarified illustrations of
breathing in frogs, birds, and humans; improved illustration com-
paring composition of inhaled and exhaled air; clarified illustra-
tion of hemoglobin.

Chapter 32 (Digestion and Nutrition): Created new chapter-
opening essay on gut microbes, added figure summarizing the
stages of acquiring and using food, improved figure showing
where food molecules are digested, added content on the treat-
ment of eating disorders, created Investigating Life on phenotypic
plasticity of gut length in tadpoles.

Chapter 33 (Regulation of Temperature and Body Fluids):
Improved figure comparing ectotherms and endotherms; clarified
figure illustrating nitrogenous wastes; improved figures of urinary
system anatomy and nephron function; added information about
diabetes, high blood pressure, and kidney damage to Apply It
Now box.

Chapter 34 (The Immune System): Improved illustrations of
immune system anatomy, white blood cells, and clonal selection;
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Life Is Everywhere

WELCOME TO BIOLOGY, THE SCIENTIFIC STUDY OF
LIFE. Living organisms surround us. You are alive, and so are
your friends, your pets, and the plants in your home and yard.
Bacteria thrive on and in your body. Any food you ate today was
(until recently, anyway) alive. And the news is full of biology-
related discoveries about fossils, new cancer treatments, genet-
ics, global climate change, and the environment.

Stories such as these enjoy frequent media coverage because
this is an exciting time to study biology. Not only is the field
changing rapidly, but its new discoveries and applications might
change your life. DNA technology has brought us genetically
engineered bacteria that can manufacture life-saving drugs—and
genetically engineered plants that produce their own pesticides.
This same technology may one day enable physicians to rou-
tinely cure hemophilia, cystic fibrosis, and other genetic diseases
by replacing faulty DNA with a functional “patch.”

Biology also includes the study of nonhuman life. We exist
only because of our interactions with other species, which pro-
vide food, oxygen, clean water, clothing, shelter, and other neces-
sities. Even species that do not directly “serve” us are essential to
the ecosystems that sustain all life. Human activities, however,
are pushing many ecosystems dangerously out of balance.

Consider the stingrays pictured on the facing page. These
oddly shaped fish consume shellfish in shallow coastal waters. In
waters near Ecuador’s Galdpagos Islands, overfishing and habitat
destruction are causing stingray populations to decline. But the
opposite problem affects the east coast of the United States.
There, other stingray species are exploding as sharks—their nat-
ural predators—disappear. Schools of hungry rays devastate oys-
ter beds and crab fisheries, with far-reaching consequences not
only to coastal ecosystems but also to the economy.

The list of biology-related topics goes on and on: global cli-
mate change, stem cell therapies, infectious disease, improved
crop plants, synthetic life, infertility treatment, endangered spe-
cies, DNA fingerprinting, biofuels, pollution, the history of life,
and more. This book will bring you a taste of what we know
about life and help you make sense of the science-related news
you see every day. Chapter 1 begins your journey by introducing
the scope of biology and explaining how science teaches us what
we know about life.
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You got good at basketball, running, dancing, art, music, or video
games by putting in lots of practice. Likewise, you will need to
commit time to your biology course if you hope to do well. To get
started, look for the “Learn How to Learn”tip in each chapter of
this textbook. Each hint is designed to help you use your study
time productively.



4 UNIT ONE Science, Chemistry, and Cells

*\ 1.1 Whatls Life?

Biology is the scientific study of life. The second half of this
chapter explores the meaning of the term scientific, but first we
will consider the question, “What is life?” We all have an intui-
tive sense of what life is. If we see a rabbit on a rock, we know
that the rabbit is alive and the rock is not. But it is difficult to state
just what makes the rabbit alive. Likewise, in the instant after an
individual dies, we may wonder what invisible essence has trans-
formed the living into the dead.

One way to define life is to list its basic components. The
cell is the basic unit of life; every organism, or living individual,
consists of one or more cells. Every cell has an outer membrane
that separates it from its surroundings. This membrane encloses
the water and other chemicals that carry out the cell’s functions.
One of those biochemicals, deoxyribonucleic acid (DNA), is the
informational molecule of life (figure 1.1). Cells use genetic
instructions—as encoded in DNA—to produce proteins, which
enable cells to carry out specialized functions in tissues, organs,
and organ systems.

A list of life’s biochemicals, however, provides an unsatisfy-
ing definition of life. After all, placing DNA, water, proteins, and
a membrane in a test tube does not create artificial life. And a
crushed insect still contains all of the biochemicals that it had
immediately before it died.

In the absence of a concise definition, scientists have settled
on five qualities that, in combination, constitute life (table 1.1).
An organism is a collection of structures that function together
and exhibit all of these qualities. Note, however, that each of the
traits listed in table 1.1 may also occur in nonliving objects. A
rock crystal is highly organized, but it is not alive. A fork placed
in a pot of boiling water absorbs heat energy and passes it to the
hand that grabs it, but this does not make the fork alive. A fire can
“reproduce” and grow very rapidly, but it lacks most of the other
characteristics of life. It is the combination of these five charac-

teristics that makes life unique.
Tutorial
Organization

A. Life Is Organized 2 oflife

Just as the city where you live belongs to a county, state, and
nation, living matter also consists of parts organized in a hierar-
chical pattern (figure 1.2). At the smallest scale, all living struc-
tures are composed of particles called atoms, which bond

TABLE 1.1 Characteristics of Life: A Summary

Figure 1.1 Informational Molecule of Life. All cells contain DNA, a
series of “recipes” for proteins that each cell can make.

together to form molecules. These molecules are often grouped
into organelles, which are compartments that carry out special-
ized functions in cells (note that not all cells contain organelles).
Many organisms consist of single cells. In multicellular organ-
isms (such as the tree illustrated in figure 1.2), however, the cells
are organized into specialized tissues that make up organs. Mul-
tiple organs are linked into an individual’s organ systems.

We have now reached the level of the organism, which may
consist of just one cell or of many cells organized into tissues,
organs, and organ systems. Organization in the living world
extends beyond the level of the individual organism as well. A
population includes members of the same species occupying the
same place at the same time. A community includes the popula-
tions of different species in a region, and an ecosystem includes
both the living and nonliving components of an area. Finally, the
biosphere refers to all parts of the planet that can support life.

Biological organization is apparent in all life. Humans, eels,
and evergreens, although outwardly very different, are all orga-
nized into specialized cells, tissues, organs, and organ systems.

Characteristic Example

Organization

Atoms make up molecules, which make up cells, which make up tissues, and so on.

Energy use

A kitten uses the energy from its mother’s milk to fuel its own growth.

Maintenance of internal constancy

Your kidneys regulate your body’s water balance by adjusting the concentration of your urine.

Reproduction, growth, and

development own acorns.

An acorn germinates, develops into an oak seedling, and, at maturity, reproduces sexually to produce its

Evolution Increasing numbers of bacteria survive treatment with antibiotic drugs.
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ORGANELLE

A membrane-bounded
structure that has a specific
function within a cell.
Example: Chloroplast

MOLECULE
A group of joined atoms.
Example: DNA

s ATOM
«  The smallest chemical
| & = unit of a type of pure
¥ substance (element).
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CELL

The fundamental

unit of life. Multicellular
organisms consist of many
cells; unicellular organisms
consist of one cell.
Example: Leaf cell

TISSUE
A collection of specialized cells
that function in a coordinated

fashion. (Multicellular life only.)
Example: Epidermis of leaf

ORGAN

A structure consisting

of tissues organized to
interact and carry

out specific functions.

(Multicellular life only.)
Example: Leaf

. . Example: Carbon atom ORGANISM

A single living individual.
Example: One acacia tree

POPULATION

A group of the same species of organism
living in the same place and time.
Example: Multiple acacia trees

COMMUNITY

All populations that occupy
the same region.
Example: All populations
in a savanna

ECOSYSTEM

The living and nonliving
components of an area.
Example: The savanna

ORGAN SYSTEM
Organs connected
physically or chemically
that function together.
(Multicellular life only.)
Example: Aboveground
part of a plant

BIOSPHERE

The global ecosystem;
the parts of the planet
and its atmosphere
where life is possible.

Figure 1.2 Life’s Organizational Hierarchy. This diagram applies life’s organizational hierarchy to a multicellular organism (an acacia tree). At the smallest
level, atoms are arranged into molecules, which form organelles in the plant’s cells. Multiple cells are organized into tissues, which make up organs and, in turn,
organ systems. A population consists of individuals of the same species, and communities are multiple populations sharing the same space. Communities
interact with the nonliving environment to form ecosystems, and the biosphere consists of all places on Earth where life occurs.



6 UNIT ONE Science, Chemistry, and Cells

i / Endothelial
cell

D

Sheet of
endothelial
cells

Figure 1.3

An Emergent
Property—From
Tiles to a Tube.
Endothelial cells look
like tiles that stick
together to form a
sheet. This sheet folds
to form a capillary

(a tiny blood vessel).
The blood-carrying
function does not
“emerge” until the cells
interact in a specific
way.

Capillary

Endothelial

Red blood cell
cell

Single-celled bacteria, although less complex than animals or
plants, still contain DNA, proteins, and other molecules that
interact in highly organized ways.

An organism, however, is more than a collection of succes-
sively smaller parts. When those components interact, they create
new, complex functions called emergent properties (figure 1.3).
These characteristics arise from physical and chemical interac-
tions among a system’s components, much as flour, sugar, butter,
and chocolate can become brownies—something not evident
from the parts themselves. For an emergent property, the whole is
greater than the sum of the parts.

Emergent properties explain why structural organization is
closely tied to function. Disrupt a structure, and its function
ceases. Shaking a fertilized hen’s egg, for instance, disturbs crit-
ical interactions and stops the embryo from developing. Like-
wise, if a function is interrupted, the corresponding structure
eventually breaks down, much as unused muscles begin to waste
away. Biological function and form are interdependent.

B. Life Requires Energy

Inside each living cell, countless chemical reactions sustain life.
These reactions, collectively called metabolism, allow organ-
isms to acquire and use energy and nutrients to build new struc-
tures, repair old ones, and reproduce.

Biologists divide organisms into broad categories, based on
their source of energy and raw materials (figure 1.4). Producers,
also called autotrophs, make their own food by extracting energy

and nutrients from nonliving sources. The most familiar produc-
ers are the plants and microbes that capture light energy from the
sun, but some bacteria can derive chemical energy from rocks.
Consumers, in contrast, obtain energy and nutrients by eating
other organisms, living or dead; consumers are also called het-
erotrophs. You are a consumer, relying on energy and atoms from
food to stay alive. Decomposers are heterotrophs that obtain
energy and nutrients from wastes or dead organisms. These
organisms, which include fungi and some bacteria, recycle nutri-
ents to the nonliving environment.

Within an ecosystem, organisms are linked into elaborate
food webs, beginning with producers and continuing through
several levels of consumers (including decomposers). Although
atoms are continuously recycled, energy is not; instead, energy is
lost as heat at every step (see figure 1.4). Because no organism
can use heat as an energy source, it represents a permanent loss
from the cycle of life. All ecosystems therefore depend on a con-
tinuous stream of energy from an outside source, usually the sun.

C. Life Maintains Internal Constancy

An important characteristic of life is the ability to sense and react
to stimuli. The conditions inside cells must remain within a con-
stant range, even if the surrounding environment changes. For

Energy Usable energy
from_ —> Nutrients
sunlight

Heat

Consumers obtain
energy and nutrients by
eating other organisms.

Producers extract energy
and nutrients from the
nonliving environment. ‘L.

|

Soil

ba

Heat

Decomposers are consumers
that obtain nutrients from dead
organisms and organic wastes.

Figure 1.4 Lifels Connected. All organisms extract energy and
nutrients from the nonliving environment or from other organisms.
Decomposers recycle nutrients back to the nonliving environment. At every
stage along the way, heat is lost to the system.
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Figure 1.5 Temperature Homeostasis. (a) Shivering and
(b) sweating are responses that maintain body temperature within
an optimal range.

example, a living cell must maintain a certain temperature—not
too high and not too low. The cell must also take in nutrients,
excrete wastes, and regulate its many chemical reactions to pre-
vent a shortage or surplus of essential substances. Homeostasis
is the process by which a cell or organism maintains this state of
internal constancy, or equilibrium.

Your body, for example, has several mechanisms that main-
tain your internal temperature at about 37°C (figure 1.5). When
you go outside on a cold day, you may begin to shiver; heat from
these muscle movements warms the body. In severe cold, your
lips and fingertips may turn blue as your circulatory system
diverts blood away from your body’s surface. Conversely, on a
hot day, sweat evaporating from your skin helps cool your body.

D. Life Reproduces Itself, Grows,
and Develops

Organisms reproduce, making other individuals that are similar
to themselves (figure 1.6). Reproduction transmits DNA from
generation to generation; this genetic information defines the
inherited characteristics of the offspring.

Reproduction occurs in two basic ways: asexually and sexu-
ally. In asexual reproduction, genetic information comes from
only one parent, and all offspring are virtually identical. One-
celled organisms such as bacteria reproduce asexually by dou-
bling and then dividing the contents of the cell. Many multicellular
organisms also reproduce asexually. For example, a strawberry
plant’s “runners” sprout roots and leaves, forming new plantlets
identical to the parent (figure 1.6a). The green, white, or black
powder on moldy bread or cheese is made of the countless asex-
ual spores of fungi. Some animals, including sponges, reproduce
asexually when a fragment of the parent animal detaches and
develops into a new individual.

In sexual reproduction, genetic material from two parent
individuals unites to form an offspring, which has a new combi-
nation of inherited traits. By mixing genes at each generation,
sexual reproduction results in tremendous diversity in a
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Figure 1.6 Asexual and Sexual Reproduction. (a) Identical
plantlets develop along the runners of a wild strawberry plant. (b) Two
swans protect their offspring, the products of sexual reproduction.

population. Genetic diversity, in turn, enhances the chance that
some individuals will survive even if conditions change. Sexual
reproduction is therefore a very successful strategy, especially
in an environment where conditions change frequently; it is
extremely common among plants and animals (figure 1.6b).

If each offspring is to reproduce, it must grow and develop
to adulthood. Each young swan in figure 1.6b, for example,
started as a single fertilized egg cell. That cell divided over
and over, developing into an embryo. Continued cell division
and specialization yielded the newly hatched swans, which will
eventually mature into adults that can also reproduce—just like
their parents.

(@)e) Video
_ Natural Selection

E. Life Evolves

One of the most intriguing questions in biology is how organisms
become so well-suited to their environments. A beaver’s enor-
mous front teeth, which never stop growing, are ideal for gnaw-
ing wood. Tubular flowers have exactly the right shapes for the
beaks of their hummingbird pollinators. Some organisms have
color patterns that enable them to fade into the background
(figure 1.7).

Figure 1.7 Hidingin
Plain Sight. This pygmy
seahorse is barely visible
in its coral habitat, thanks
to its unique body shape,
skin color, and texture.
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These examples, and countless others, illustrate adapta-
tions. An adaptation is an inherited characteristic or behavior
that enables an organism to survive and reproduce successfully
in its environment.

Where do these adaptive traits come from? The answer lies
in natural selection. The simplest way to think of natural selec-
tion is to consider two facts. First, resources such as food and
habitat are limited, so populations produce many more off-
spring than will survive to reproduce. A single mature oak tree
may release thousands of acorns in one season, but only a few
are likely to germinate, develop, and reproduce. The rest die.
Second, no organism is exactly the same as any other. Genetic
mutations—changes in an organism’s DNA sequence—
generate variability in all organisms, even those that reproduce
asexually.

Of all the offspring in a population, Tutorial
which will survive long enough to repro- Variation and
duce? The answer is those with the best Natural Selection
adaptations to the current environment; poorly adapted organ-
isms are most likely to die before reproducing. Natural
selection, then, is a process in which individuals with certain
inherited characteristics contribute more offspring to the next
generation than do individuals lacking those characteristics
(figure 1.8). That is, individuals with the best gene combina-
tions survive and reproduce, while those with less suitable
characteristics fail to do so. Over many generations, individu-
als with adaptive traits make up most or all of the population.

But the environment is constantly changing. Continents
shift, sea levels rise and fall, climates warm and cool. What hap-
pens to a population when the selective forces that drive natural
selection change? Only some organisms survive: those with the
“best” traits in the new environment. Features that may once

Generation 1

Bacterial|
cell

Staphylococcus aureus
before mutation

a. SEM (false color) 10 um b.

Generation 2

have been rare become more common as the reproductive
success of individuals with those traits improves. Notice, how-
ever, that this outcome depends on variability within the popula-
tion. If no individual can reproduce in the new environment, the
species may go extinct.

Natural selection is one mechanism of evolution, which
is a change in the genetic makeup of a population over multi-
ple generations. Although evolution can also occur in other
ways, natural selection is the mechanism that selects for adap-
tations. Charles Darwin became famous in the 1860s after the
publication of his book On the Origin of Species by Means of
Natural Selection, which introduced the theory of evolution
by natural selection; another naturalist, Alfred Russel Wal-
lace, independently developed the same idea at around the
same time.

Evolution is the single most powerful idea in biology. As
unit 3 describes in detail, evolution has been operating since life
began, and it explains the current diversity of life. In fact, the
similarities among existing organisms strongly suggest that all
species descend from a common ancestor. Evolution has molded
the life that has populated the planet since the first cells formed
almost 4 billion years ago, and it continues to act today.

LIBN MASTERING CONCEPTS

1. Does any nonliving object possess all of the characteristics
of life? Explain your answer.

2. List the levels of life’s organizational hierarchy from smallest
to largest, starting with atoms and ending with the
biosphere.

3. If evolution requires genetic variation, can populations of
asexually reproducing organisms evolve? Explain.

Multiple generations later

Antibiotic present

Reproduction
and
selection

Mutation
occurs (red)

Figure 1.8 Natural Selection. (a) Staphylococcus aureus is a bacterium that causes skin infections. (b) By chance, an

S. aureus cell undergoes a random genetic mutation. If the population is subsequently exposed to an antibiotic, the drug kills
most of the unmutated cells. The mutated cell, however, is unaffected and can reproduce. After many generations of exposure
to the antibiotic, the mutation is common.
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: ;‘;-\ 1.2 TheTree of Life Includes
Three Main Branches

Biologists have been studying life for centuries, documenting the
existence of everything from bacteria to blue whales. An enduring
problem has been how to organize the ever-growing list of known
organisms into meaningful categories. Taxonomy is the biological
science of naming and classifying organisms.

The basic unit of classification is the species, which desig-
nates a distinctive “type” of organism. Closely related species
are grouped into the same genus. Together, the genus and a spe-
cific descriptor denote the unique, two-word scientific name of
each species. A human, for example, is Homo sapiens. (Note that
scientific names are always italicized and that the genus is capi-
talized, but the specific descriptor is not). Scientific names help
taxonomists and other biologists communicate with one another.

Taxonomists also strive to classify organisms according to
what we know about evolutionary relationships; that is, how
recently one type of organism shared an ancestor with another type
of organism. The more recently they diverged from a shared ances-
tor, the more closely related the two types of organisms are.
Researchers infer these relationships by comparing anatomical,
behavioral, cellular, genetic, and biochemical characteristics.

Section 14.6 describes the taxonomic hierarchy in more
detail. For now, it is enough to know that genetic evidence sug-
gests that all species fall into one of three domains, the broadest
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(most inclusive) taxonomic category. Figure 1.9 depicts the
three domains: Bacteria, Archaea, and Eukarya. Species in
domains Bacteria and Archaea are superficially similar to one
another; all are prokaryotes, meaning that their DNA is free in
the cell and not confined to an organelle called a nucleus. Major
differences in DNA sequences separate these two domains from
each other. Domain Eukarya, on the other hand, contains all
species of eukaryotes, which are unicellular or multicellular
organisms whose cells contain a nucleus.

The species in each domain are further subdivided into
kingdoms; figure 1.9 shows the kingdoms within domain
Eukarya. Three of these kingdoms—Animalia, Fungi, and Plan-
tae—are familiar to most people. Within each one, organisms
share the same general strategy for acquiring energy. For exam-
ple, plants are autotrophs. Fungi and animals are consumers,
although they differ in the details of how they obtain food. But
the fourth group of eukaryotes, the Protista, contains a huge col-
lection of unrelated species. Protista is a convenient but artificial
“none of the above” category for the many species of eukaryotes
that are not plants, fungi, or animals.

L3 MASTERING CONCEPTS

1. What are the goals of taxonomy?
2. How are domains related to kingdoms?
3. List and describe the four main groups of eukaryotes.

Figure 1.9 Life's Diversity. The three domains of life (Bacteria, Archaea, and Eukarya) arose from a hypothetical common ancestor, shown at the base of
the evolutionary tree. Just as a tree trunk produces numerous branches and twigs, the first cells eventually diversified into many unique types of organisms.
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