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The principles of this document, which is titled "Vision 
and Change," are becoming widely accepted throughout 
the biolo1,,y education community. "Vision and Change" 
presents five core concepts that serve as the foundation 
of undergraduate biology. In this edition of Campbell 
Essential Biology with Physiology, we repeatedly and 
explicitly link book content to themes multiple times in 
each chapter, calling out such instances with boldfaced 
blue text. For example, in Chapter 4 (A Tour of the Cell), 
the interrelationships of cellular structures are used 
to illustrate the theme of interactions within biological 
systems. The plasma membrane is presented as an example 
of the relationship between structure and function. The 
cellular structures in the pathway from DNA to protein 
are used to illustrate the importance of information flow. 
The chloroplasts and mitochondria serve as an example 
of the transformations of energy and matter. The DNA 
within these structures is also used to illustrate biology's 
overarching theme of evolution. Students will find three 
to five examples of themes called out in each chapter, 
which will help them see the connections between these 
major themes and the course content. To reinforce these 
connections, this edition of Campbell Essential Biology with 
Physiology includes new end-of-chapter questions and 
Mastering Biology activities that promote critical thinking 
relating to these themes. Additionally, PowerPoint" lecture 
slides have been updated to incorporate chapter examples 
and offer guidance to faculty on how to include in these 
themes within classroom lectures. 

• Updated connections to students' lives. In every edition 
of Campbell Essential Biology with Physiology, we seek to 
improve and extend the ways that we connect the course 
content to students' lives. Accordingly, every chapter 
begins with an improved feature called Why It Matters 
showing the relevance of the chapter content from the 
very start. Additionally, with every edition, we introduce 
some new unifying chapter threads intended to improve 
student relevance. For example, this edition includes new 
threads that discuss evolution in a human-dominated 
world (Chapter 14) and the importance of biodiversity 
to human affairs (Chapter 20). As always, we include 
some updated Biology and Society chapter-opening 
essays (such as "A Solar Revolution" in Chapter 7), The 
Process of Science sections (such as a recent experiment 
investigating the efficacy of radiation therapy to treat 
prostate cancer, in Chapter 2), and Evolution Connection 
chapter-closing essays (such as an updated discussion 
of biodiversity hot spots in Chapter 20). As we always 
do, this edition includes many content updates that 
connect to students' lives, such as information on 

cutting-edge cancer therapies (Chapter 8) and recent 
examples of DNA profiling (Chapter 12). 

• Developing data literacy throu gh infographics. 
Many nonsclence-major students express anxiety when 
faced with numerical data, yet the ability to interpret 
data can help with many important decisions we all face. 
Increasingly, the general public encounters information 
in the form of infographics, visual images used to 
represent data. Consistent with our goal of preparing 
students to approach important issues critically, 
this edition includes a series of new infographics, or 
Visualizing the Data figures. Examples include the 
elemental composition of the human body (Chapter 2), 
a comparison of calories burned through exercise versus 
calories consumed in common foods (Chapter 5), and 
ecological footprints (Chapter 19). In addition to the 
printed form, these infographics are available as an 
interactive feature in the eText and as assignable tutorial 
questions within Mastering Biology. 

• Helping students to understand key figures. For this 
new edition, a key figure in each chapter is supplemented 
by a short video explaining the concept to the student. 
These Figure vValkthrough videos will be embedded in 
the eText and will be assignable in Mastering Biology. 
The animations are written and narrated by authors Eric 
Simon and Jean Dickey, as well as teacher and contributor 
Rebecca Burton. 

Attitudes about science and scientists are often shaped by 
a single, required science class-this class. We hope to nurture 
an appreciation of nature into a genuine love of biology. In 
this spirit, we hope that this textbook and its supplements 
will encourage all readers to make biological perspectives a 
part of their personal world views. Please let us know how 
we are doing and how we can improve the next edition of 
Campbell Essential Biology with Physiology. 
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Learn how to view your world using scientific reasoning with Campbell Essential Biology 
with Physiology. See how concepts from class and an understanding of how science works 
can apply to your everyday life. Engage with the concepts and practice science literacy 
skills with Mastering Biology and Pearson eText. 
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present scientific discovery as a 
flexible and non-linear process. 

and 

1:.1.:1.1.:11JjJjifi~~i appear at 
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PATTERNS Of INHERITANCE •djjijff•f;J{j•1Jjjjj$j Dog Breeding I 

What Is the Genetic Basis of Short Legs in Dogs? 

It\ ol:Mous that dotJ,> come in a wide 
variety or physJcal types. In fact, 
domesticated dogcl display the great· 
est range of phenotypes or any man,. 

mat One of the most striking features 
that dlstinguishes some breeds is 
chondrodysplasla, a condition that 
aff'ect..s the gJ'0\\1h or bones in the 

Y Figure 9.16 TM genetic: bu.is of dtondroctysplasi.:a in dogs. 

(•) Some u arnplH of short-legged and long·lcgged breeds 

SOme dog breech with short legs 

'"'' ()aduhurod 

. -the end of each Process of Science 
essay and involve applying a 
scientific reasoning skill. 

leg. The resultingshorteried,curved 
bones are a defining characteristic: 
ofa fewdt'J8 breeds(Figure 9.16:a). 

Th.rough test ttOS9es, breeders ha\'e 
long known that the short·legged trait 
is dominant, but nothing was known 
about the cause orthe phenotype. 

las.wt hc..ncl lle,19k! 

Examples of new Process of 
Science topics include: 

• Chapter 4: How Was the First 21st
Century Ant ib iotic Discovered? p. 61 

• Chapter 9: What Is t he Genetic Basis 
of Short Legs in Dogs? p.156 

• Chapter 11: Can Avatars Improve 
Cancer Treatment? p.210 

• Chapter 16: What Killed the Pines? p.330 

• Chapter 20: Does Biodiversity Protect 
Human Health? p.446 

EXPLORATION 
• Making o~oru 
• Mbng questions 
• ~ng inlomi11bon 

TEST .. G 
• f.crrnng hypolht=; 
• Making p!Nt,c:tions 
• Fb..in1Wl9 l'Al)l'J'l'l'C!llb 

• G111t1l'fll'l9 Mta 
• ln lt'fprebl"g d:,t., 

COMMUNICAOON 
• Drawing wrd.Jsiol"IS 

• Shaingd.,t., 
• Cl>t11,1J109 fercliad: 
• Pwli$1wi9 ~s 
• Repliarting findn95 
• 81Jildi1XJ CO~l'G\IS 

OUTCOMES 
• Building I;~ 
• Sot.,ing prob~ 
• OcYl'lop.ig new 

tt'dlnologies 
• 8-fil,ng 'IOc:iety 

A group or researchers set out to 
discover tile genetic basis of the short· 
legged phenol)<pe. The)' used an aut~ 
mated gene chip (see Figure I J. lO) 
to examine the DNAof95dogs &om 
7 short ·legged breeds (the experi· 
men ta.I group) and 702dogcl ftom 
64 breeds with longlegs(thecoritrol 
group). They compared the results 
to identify any differences betw«>n 

the two groups at thousands of sites 
across thedog@enome (Figure 9.16b). 

One location on chromosome 18 stood 
out for being strongly a!ISOdated 

(b) Comparing ONA fTofn differeot dog breeds 

Experin,iMtJI group: Control group: 
9S dog5 !Jom 1 Wlrt.feggcd brN<k 102 dog\ from 6,t long.fepd brCC'Cb 

with short le&9. Closere>:amination Sttol dlio-
ofthe region SUITOunding that loca- l 
lion revealed a gene that codes fbr a 
protein called fibroblast growth fac
tor 4. The protein produced br;• this 

gene Is known to be as90Ciated with 
the growth of !egg durlng em.bryonJc 
developmerit.1be researcherslderiti
fieda spedflccha~ln the chromo· 
some that corresponded to short 
legs. Interestingly, they were able to 
link the effectofthis@enein dogs to 
a related proteinas9odated with the 

I Thinking Like a Scientist 
Why fflisht it be ea.st, to 
find the ,~ttic basis fol' a 
physical condition k-. d.op 
than to do so in htunans] 

f.or tht an-c; Stt Appt11d'x D. most common lorn, of human dwarfism. This experiment 
shows how animal models may pro\'ide insight into @enetic 
conditions in hJmans. 

156 

! A new organizat 
new content in Cha t 

• 

focus on science literacy skills to 
introduce the process of science 
right from the start. 
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VII I 

Photosynthesis: Using Light 
to Make Food 

CHAPTER CONTENTS 
The Basics of Photosynthesis 108 

The Light Reaction~ Converting Solar Energy 
to Chemlc~I Ene,gy 110 

The UIMn Cycle: Making Sugar from Ufbon Dioxide 11S 

Why Photosynthesis Matters 

Do you l"ke to eat1 We humans can 
trace every morsel of our food back 
to plants. By capturing the energy 

of sunlight and using it to create 

organic materials, plants performing 

photosynthesis teed the wofld 

I 
NEARLY ALL llfE ON 
E:ARJH-'N(:1.UOINCi 
VOV-(AN TRACE rrs 
SOURCE OF ENERGY 
SAC~ TO THE SUN. 

I 
COVER UP! PROTECTING 
YOURSELF FROM 
SHORT WAVELENGJHS 
OF LIGHT CAN BE 
LIFESAVING 

I 
WANT TO DO SOMETHING 
S.IHPL£ TO COMBAT 
GLOBAL CLIM.Ar€ CHANGE? 
PLANT A TREE· YOIJll BE 
GLAD YOU DIDI 

Why It Matters Photo Collages have been updated to give real-world examples to 
convey why abstract concepts like cellular respirat ion or photosynthesis matter. 
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New and Updated Chapter Threads weave a compelling topic throughout 
each chapter, highlighted in the Biology and Society, The Process of Science, and 
Evolution Connection essays. 

CHAPTER THREAD 

I Oec~ViN$C$ I 
IUO\.OCiY ANOSOCIHY TheGlob:rill'fw"MdZA..IIVlf'IA 171 

CatlONAilnd RNA Y.W:1-Pt0tea~t 
v~m TME ?,!CX:ESSOF SOL'KE 

fl./OlVTION CONl\lcCTION 

BIOLOGY AND SOCIETY 

The Global Threat of Zika Virus 
tn 2015,. an ~ trumhtroflwlbies w,'ffl): born in llraxll w.ith seYC'ffdam11~ IO thdrcc,,ntralntrYOU$ 
q.cttffl)( llnd-«J~ flie a'I'~ lwibies had Mc'Utologie.:I prob}mu, (1illth HU~ 
brUli and focl:i:urt.1),$1ow~h,.dltlkull)• hdlng. Wld joint and tnll$Ck problmu.. Aft« a frantic 

lll!al'ffi, htllttboffirillk cbeOYC'ffd • link~ thesot abnormabties a:nd f11PO'l!n.' to II lll.UN:nMm 
~hogi,n: !bl-21b ,1.,,., 11y 2IO IS. w.·hm ttw Unllffl P..'iltion,; World Health ~lubM ~ IUUffl a 

WOftiw.1~ Mllltb~nq,. :&a 'l1l'U$ and 2ib,rcla!td hNlth probk<mi ln ncYotlcwn$ ~n IIPl)tQI\ 
mg In warm, bum.kl ffglotll of the Unittd S1atl'I and "*')' OUltr«Nl'.ltTWII. 

TIM-21.b 'lffi!$ \ll'll$ ftnt dha:ovt.rtd 10 inlk1 hum.,.n$ In 19.Sl and had tffn ldrntiftftl in Alrinln 
mofl.brJ II ft:w )~n caltitcr. Zikll ,•inas nin be- tra1111m.lntd IO hum.:ua byoiw $ptdc,s of m,»qullO. 
fl Qll a.ho bupn.-ad l>C!'tw.W:1uex..al partllffll. Ill.Tl Zika ,1rus is not datlgll:touS IO tl'IMI bN.lllly adutt .. 

tn l'.ict. $0fflt pc,ople: l't,e,JJlut ti~ aft« bciAS inftcl.td, whilt olllen U'te mUd $fffi.ptom.c like achff 
or a fewer. How.~r. 2ib vlrui n.n be JpiTcad &om mo1btt 10 &-tu11. Unbrtunalfl)', ~loping b.iti.K 
a~ p!ll'licularfy 'l'lllnl'el'abk-io the ,•lrus\ fl'l'r,,:u. 

HNJUI ~ N'iC few w..-apa:u i.pl11$1 bl:a '1rus. 'fbt'U Ii no ntrine, ud 111·1tcHdllft Qn 

only b'N-1 ')'tnptOm.s. Ni¢1ttinw moi:quiio twttlt1311nd •~g indoors after dud( nin offtr prot~ 

tion agiitnill ffllltl)' ll!l'IMCflllto-bomt discUl'ef,, bu! the tl'IMCflliloes Iha! Un')' Zika ,•lrus bite bolh nigh! 
and day. Publk" ••~-niml)lligl:u ;i,inwd at ,rrnictlt131111MqUito bit~ and cllmlnating mo.iu:lto 
btttdlngg;roundi (~ a.s $1i!gn.ut w.-ater) hll'I~ bff.n im.plemmud in bl:a-proi:w aiTcu. In NO\wnbcr 
ot. 201G, \\'HOdtdutd Iha! thil-b.b global tit..!th l'etlltf1.tnty w,-a,.s OYtt, tlOI boe;tllst 2ib Ii 8f1M, bu! 
btt.aUM" it h npt,ettd 10 bt a lq.tt.mt probltm, the "new normal• r;lolbtt than an ~e,g,:ncy. 

fllilo b.b 'ri:na, lib all vlru-, con•b of• ttb.th'ft)' lam.pie 1b'urt\11'~ ofnudtlt atld (RN'A in thl• 
l'..ue) and protein. \'irww$ optrolle b)' bijackingour own ttlb a:nd turning ttw-m into vlrui f'ile!Otlcs. 
Combllting any vlrui the~f'ort ~~Im; a dl!l.t.ilcd UtldtMilndl.ll8 ot. llflo al thil-m.okallar ltvcl. In 
thi, dlaptl!r. wl! voill t,;pl0tt U1e ikuctun-orlifell inUl4 i1t111Urtllnt m.ol«ulto-ON,.,-to le11m bow it 
ttpllu!ffo, tnutat~. aM totttmli the eell brdutrtlng the l)'nttw,ds of RN'A and protelt1. 

Biology and Society essays 

AcolllfMM,a.Vulon of 
tlwo Zlb l'ht5. Spkff ~ 
of pro1e,ut1o1blt thtv.ru, fO 
... cogriu. ) hixl «ll 

... 
"'' 'o .. le "' ,\.:1<.J 

' J",.. "" 

• • 
• Chapter 1: Swimming with the Turtles 

• Chapter 2: Helpful Radiation 

• Chapter 7: Solar Energy 

• 
• 

Chapter 13: Evolution in Action 

Chapter 14: Evolution in the 
Human-Dominated World 

• Chapter 20: Importance of Biodiversity 

EVOLUTION CONNECTION Deadly Viruses 

Emerging Viruses 
VI-thot w<l<ltmolr- to th,e llltcnuon ofm~J(l.ll 
.91;l(W:itl$11'\'(1i!~ --i:i 114 ,; ... _ 11'\1)1 ... 10.ltl, 

W,:,'ff d!N!,,dy ~tf11 Zlibo Vll'IIJ (OM ft«illlllud Ill 

On,xil In 20 1$1,nd Wnt Nil,:, viru1 (•h•dl ..._ IIPl>til~ 
i11 :-bth Amtrlti:1 In J':l';!o9), Allllllugh ,.,,-ti ,-s-hid ptr· 

lifted 1111 w,., 1t-,<r1, ro.- many Y"I"· NICh b«-a mudl 
gWt<rrth"'lfl ,wil~11111Yt11ly 

H.:,wd,)11l\lU'S,:IW~b)ntv,•<ll~f1n.l,lhtyftn 

l"\'OII ~ mto•f\'d,.,~f(,mwJ. Altllw.,tl>inJ!lelJll'l"P011 

Mllll II,, 

"" 0.- ... 
_ .......... ·-l.--............ "-

~H,~ 11ity lff $Ult,)c,M to Bantrill •ltttlofl. wh"lctl luttdw • 
,11im by hi&II mullllliQn nlJC!!; ""111t0N.~. lt.W. 11,enu med~ 
,nls«o:.on:,p.'lre.'lfl)lnG\1!"'81',1,U1KNAvtn:,i:;o;.,;t>:111mu1iu 

r.,pldty.Some mutlltJo<IS~ablirvll'll!Jll:'$ 110IQ&,,.'I p(qll,rwlll) 
hod ,i..,,;_,,)llfd ,,....1.,.~tol,t,,an(~l(!llr;,i,0.11,-,-, wt., 
-lln'ldJl'Gltyftu \\lN'lfll!i,»Julfo)Mett,;i~ne,rlBBllfflU 

•m.l1$lrlins 11.1 "ftkh pel.lJ!le h,\~ no UlllffllmCY. 
Soi,))114...J.,.1di-t>:11111r,m:idlfl()lll-~l f.PHiff1u 

.,,Clll>tr. SdtnllsbllSUllllllttkilllOOUI ~rln-,(1-· 

hi'""" \li~(l1\ji1<1ll)\I In (llht« ,;ninol,. 
WhC'fl h um;;tM h\a. ltff, I.fl f(tki(!' lh'fSt«k tl'I 
n,:,w k,blllltf. the n:41; in«-111\'(•hldl 

~Al~l'llol)~i.111.ikl i.,;11,tlsM Y 

1,o .... -

<11~1•11'U11fl (h ...... -. "*-" 
h1ml,:.,,o •ffl ~y in'e(il)I.I wh!n lh(T 
butthtffll lMK«'d an!m.11. As ~,mu: 

_ .... .....,.,..._ 
,m 

1~1wc,mpniidoihofo 'nl'lllollll fbl-bum.11 llili,t 
cdl,~~('1)-11. 

---""~ ~ ,_ 
"""''"'""" <:fl>rl,-. ,,0,.,. ... ,....... ,11,o,.,_ 

J. ... ;,,., "' ,,. "" 
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relating biology to everyday life are either new or updated. 
Some new topics: 

Evolution Connection essays 
demonstrate t he importance of evolution 
as a theme throughout biology, by appearing 
in every chapter. 

• Chapter 7: A Solar Revolut ion p. 107 

• Chapter 10: The Global Threat of Zika Virus p. 171 

• Chapter 14: Humanity's Footprint p. 269 

• Chapter 17: Evolving Adaptabil ity p. 337 

Some new topics: 

• Chapter 1 Turtles in the Tree of Life p. 18 

p. 192 Chapter 10 Emerging Viruses 

Chapter 20 Saving the Hot Spots p. 449 
• 
• 
• Chapter 27 A Neurotoxin Arms Race p. 599 . 
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Mastering™ Biology is an on line homework, tutorial, and assessment platform that improves results by 
helping students quickly master concepts. 

A wide range of interactive, engaging, and assignable activities, many of them contributed by Campbell Essential 
Biology with Physiology authors, encourage active learning and help w ith understanding tough course concepts. 

------·--

Select the risk factors to ktarn wtiich ones increase the liklihood of developing a specific type of cancer. 
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created and narrated by the authors, give clear, 
concise explanations of key figures in each 
chapter. The videos are embedded in the Pearson 
eText, accessible through QR codes in the print text, 
and assignable in Mastering Biology. 

Visualizing 
coaching activities bring the 
infographic figures in the text to life 
and are embedded in the eText and 
assignable in Mastering Biology. 



12 Topic Overview videos, created by 
the authors, introduce key concepts and 
vocabulary. These brief, engaging videos 
introduce topics that will be explored in 
greater depth in class. 

Topics include: 
- Macromolecules 

- Ecological Organization 

- Mechanisms of Evolution 

- An Introduction to Structure and Function 

- Interactions Between the Respiratory and 
Circulatory Systems 

- DNA Structure and Function 

... And more! 
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Part A 

can 'f04J match the tenns to thew defir.tions? 

Drag lht ttrms on 1ht left to th• appropriate blanks on the right to compi.te the stnten«s. 
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Biolnteractive Short Films 
from HHMI, Everyday Biology 
Videos, Video Tutors, BioFlix~ 30 
animations, and MP3 Audio Tutors 
support key concept areas covered in the text 
and provide coaching by using personalized 
feedback on common wrong answers. 

. 
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Ready-to-Go 
Teaching Modules 
make use of teaching 
tools for before, during, 
and after class, including 
new ideas for in-class 
activit ies. These modules 
incorporate t he best 
that t he text, Mastering 
Biology, and Learning 
Catalytics have to offer 
and can be accessed 
through the Instructor 
Resources area of 
Mastering Biology. 

< in:ul.1tion ,:::, 
H~pir.ilion 

-· -"1 -· --
1-,olution 

Learning Catalytics™ helps generate class 
d iscussion, customize lectures, and promote peer
to-peer learning with real-time analytics. Learning 
Catalytics acts as a student response tool that uses 
students' smartphones, tablets, or laptops to engage 
t hem in more interactive tasks and t hinking. 

• Help your students develop critical t hinking skills 

• Monitor responses to find out w here your students 
are struggl ing 

• Rely on real-time data to adjust your teaching 
strategy 
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Extensive resources save instructors valuable time both in course preparation 
and during class. Instructor materials can be accessed and downloaded from 
the Instructor Resources area of Mastering Biology. 
www.pearson.com/mastering/biology 

Jdentlfying MaJOf Themes-Chap1er 18 

Part A New! Identifying Major iT 
end-of-cha~ter -· ·--~=---~:.i.::t;1.11.:.1.1.i:;i in the 
text and coaching activit ies in Mastering 
Bio logy give instructors resources to 
integrate Vision and Change biological 
t hemes into their course. 
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.1» 

1111
>.::a1"~ ~ strvcture to function, information flow, pathw.iys that transfom, energt and 

m:llte,; in1er:actions wrthin bdogic.al systems, or evolution) and e)1)bin ho,.,, the 
Revised Guided Reading Activities 
in t he Mastering Biology Study Area and 
Instructor Resources offer a simple resource 
that encourages students to get the most 

statement relates to the theme. If neces.saf')t review the thC'-..mes (see Ch~tcr 1) 
and ~ iew the examples highligh:ed in blue in this<:hapt:e<. 

[ ~ ) J 11. The highly folded membranes of the mitochondria make these 
L-=========----.J. organelles wcl sv~e<I to carryout tho huge oombor of chemical 

out of each text chapter. These worksheets 
accompany each chapter of t he text and are 
downloadable f rom Mastering Biology. 

Complete the following questions as you read the chapter contcnt- Cellu]ar Respiration: Aerobic 
Harvest of Food Energy: 

I. The majority of a cell's ATP is produced within which of the following organelles? 

a. mitochondria 

b. nudeus 

c. ribosome 

d. Golgi apparatus 

2. Students frequentJy have the misconception that pJant cclJs don't perform cellular respiration. 
Briefly expJain the basis of this misconception. 

3. Briefly explain why the overall equation for cellular respiration has muhiple arrows. Use the 
following figure, whic.h illustrates the equation for cellu]ar respiration, to help you answer . 

.,. .. 6 . ............ 69 . 6 • . .appr011. 32e 

reactions required for cellular respiralion to proceed 

12. Cellular re-spiration and photosynthesis ate linked, with each p<ocess 
using inputs created by the other. 

13. Your body uses many different intcrscding chc-mical pathways that, all 
together, conS1itute yo ur metabolism. 

~answers to fd,enfjfying Mq or Themes, see ~ppendiKO. 

The • • • in t he Instructor 
Resources area of Mastering Biology provides 
successful, class-tested active learning techniques 
and analogies from biology instructors around the 
nation, offering a springboard for quick ideas to 
create more compelling lectures. Contributor Kelly 
Hogan moderates contributions to the exchange. 

XIII 



. 
XIV 

New to Campbell Essential Biology 7th edit ion/Campbell Essential Biology with 
Physiology 6th edition, the Pearson eText includes videos, interactives, an imations, and 
audio tutors t hat br ing t he text to life and help you understand key concepts. Get all 
t he help you need in one int egrat ed digita l experience. 

Over 100 rich media resources, many 
of them created by the author team, are 
included in the Pearson eText and accessible 
on smartphones, tablets, and computers. 
Examples of the rich media include: Figure 
Walkthrough videos, Topic Overview videos, 
MP3 Audio Tutors, Video Tutors, and Bioflix 
Tutorials. 
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Pearson eText Mobile App offers offline 
access and can be downloaded for most iOS 
and Android phones/tablets f rom the Apple 
App Store or Google Play. 

• Seamlessly integrated videos and other 
rich media 

• Accessible (screen-reader ready) 

• Configurable reading settings, including 
resizable type and night reading mode 

• Instructor and student note-taking, 
highlight ing, bookmarking, and search 
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