‘PREFACE

niegrated Principles of Zoofoey is a college texn adaprable o

any introductony course in 2oology. This twellth cdition, as

with previous editions, describes the diversity ol animal life
and the fascinating adaprations that enable animals to inhabit
pearly all conceivable ecological niches. We relain in this revision
the busic organizarion of the eleventh edition and ils distinctive
fEaures, especially emphasis on the principles of evolution and
walogical science, Also remined are several pedagogical features
that have made previous editions casily accessible w students:
wpening chapter dialogues drawn from the chapter's theme;
chapter summaries and review questions to aid student compre-
hension and studyv: accurate and visually appealing illustrations;
in-text derivations of generic names; chapter notes and essays
hat enhance the rexr by offering interesting sidelights to the nar-
milive; and an extensive glossary providing pronunciation, deriva-

fion, and definitdon of rerms used in the text,

NEW TO THE TWELFTH EDITION

Many changes in this edition were guided by sugeestions of the
i E.GOJc}gj.' instructors who read and commented on sectons of
the eleventh cdition, For the eleventh edition, the vertebrate
chapters of Part Three, and several +'||;I|.1l:.“::i on funeticnal sys-
lems (Part Fourk were revised Dy invited contributors, all experi-
enced soologists who were solicited [or ther interest and exper
s in the subject matter of specific chapters. This eaelfth edition
continues o benafit [rom their participation. in general, we
tevised all chapters to keep the text current while eliminaling
exeessive detail, and placed emphasis on experimentation and
comparative studies i coology.

L

Chapter Organization

»  Order of chapters in Pams One and Two has been maintined
as in the cleventh edition. The presentation is streamlined by
discussing basic chemistry in the contest of the origin of life.

»  Several chapters in Part Three have been reoreanized,
Because evidence is sirong that lophophorate phyla and
Chaetognatha are protostomes. separate chapters [or each
of these are not justified; therefore, marerial on these phyla
has been moved o a single chapter covering all smaller
phvla of coclomate protosiomes (Chaprer 211, Removal of
chaetognuths from the chaprer covering hemichordates
made that chaprer quite shon, and accordingly,
hemichordates are now covered in the same chapter as
echincderms, their closest relatives.,

New Pedagogy

= Throughout the text we updated references, revised or
replaced many illustrations, and rewrote many of the
Review Chestions to provoke thought and reduce
emphasis on rote memorization,

= Suggested Internet topics are added at the end of each
chapter; hyperlinks are availahle on this texr's Online
Learning Center website at www.mhhe.com/zoolagy.

= The art inside the front cover has been completely
revised ey depict phylogenetic relationships consistent
with the Lophotrochozoa/Ecdysozoa hypothesis and
other phivlogenetic relationships based on sequence
analysis of DNA

The principal revisions in each chapter are explained here.

Part One: Introduction to
-

Living Animals

+  Chapter 2, The Origin and Chemistry of Life, now
intreduces the important concept of symbiogenesis in the
context of the origin of eukaryatic cells. A review of basic
chemisiry (atoms, clements, and molecules; banding
1?1!.':'”'3'; acids, bases, salts, and bulfers) is available For
reference; it will be found at our Online Leaming Center
wiehwsite: www.mhhe.com/zoology,

Part Two: Continuity and Evolution
of Animal Life

= Chapter 5, Genetics: A Review, features new art, including
a revised meiosts figure that includes homaologous j
chromaosomes in synapsis during prophase of melosis 1 ancd
clarifications of 3° and 37 ends of ENA and DNA| inclicating
direction of synrhesis, We have added new material on
publication of the draft sequence of the human gencme
and its implications, as well as an 1'x[hl:l|1:e|iﬂ|‘| of
Pprofeomics

» In Chapter 6, Organic Evolution, we have added
information on new fossil discoveries from China, We relale |
the issue of gradualism o new work in developmental '
gunetics.

= Chaprer 7, The Reproductive Process, was revised
cxlensively in the eleventh edition. Notes on contracepiion
weres updated o reflect new trends.
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AMOng Ry revisions and updatings to Chapter 8,
Principles of Development, the section on gene expression
during development was completely rewritten 1o describe
e three stages in epigencsis pattern fermation,
desermination of position in the hody and involvement

ol the homeotic gencs, and induction of limbs and organs
appropriate [or that position,

Part Three: Diversity of Animal Life

Chaper 10, Classification and Phylogeny of Animals, Lizes
lowns reorginized, We present species concepts and

dingnesis and then proceed o higher-level mxonomy, mther

than viee versa, as in the eleventh edition. We revised
coverige of subspecies and added the process of species
rocognition, A levmeel essay hers Been adeded 1o deseribe how
phylegenies are constructed from DNA sequences, and 3
new taxonomic system called PhyleCode is explained.
Cluprier 11, Prodogodnn Groues, was o mnpletely reorganized
in an effort 1o make it consistent with current classification
of unicellular cukarvotes. Traditonal txa such as
sarcomastigophon, Sareoding, Mastigophor,
Foomastigonhora, and Phytomastigophor are all
discarded, Flagellated forms that we discuss are distributed
among separie phyks Retormtamonada, Axoratylata,
Chlorephvta, Euglenozon, and Dinoflagellata.
Protoroologists now disperse ameboid Torms into
renmersns lineages, andd i s i|'|‘.||‘.||'.||.'li1';'=| Fror ns 1o el
them all in formal s therefore, we simply use an
informal heading “Amchus™ o introduce some of the most
smportart ones, The section on phylogeny was rewrilien Lo
vefleet current evidence, including the Hkelihaod of
secondary symbiogenesis in ordgins of several groups.

In discussing the phylogeny of Mesozon in Chapter 12, we
note that molecular evidence supports a relationship with
flarworms The description of Hexactinellida was
completely rewritten, and o new Agure depicting their
structure s inchoded.

Chapter 13, Radiate Animals, underwent several important
revigions, Most nolceeable e users of earlier cditions is 1
preference Tor use of Ococorallia over Aleyonaria for this
anthoroan subclass, Becanse members of the subclass
alwivs have cight wentacles, we believe that Octocorallia is
casier For students te remember. Tnadditon, the discussion
of emidarian phyvlogeny was rewritlen o include evidence
Freany Hon senes and sequence data that Antheeoa is basal
Fo the phivToie A nes cladaogran retlects this relationship.
Ty Chapter 14, Acoelomate Animals, the deseription of both
form aned funetion in Nemerea and phvlogeny of
Marweorrs wene rewriten,

Chapter 15, Pseudococlomate Animals, was completely
renrganized. Wi hope that placing all animals with a
commin By plan in the same chaprer will he helpful for
students, mther than separating peeudococlomare

lophotrochozoans from pseudococlomate ecdysozoans in
separate chapters. Thus, phyls in cach superpliylum were
grouped together under appropriate headings (see also
Chapter 210, Furthermore, because Nematoda is the largest
and most important of all pseudocoelomate phyla, their
coverage was moved 1o the heginning of the chapter,
Recognizing molecular evidence of @ rotifer
scanthocephalan atfinity, coverage of Acanthocephala wis
moved o follow immediarely after Rontfera,

I Chapter 16, Molluses. 2 note on the evolution of eves in
apimmale weas added, with the observation that all ananals
will eves apparently share two conserved genes: P 4,
e “master control gene for eye morphogenesis,” and the
sene encoding rhodopsing a visual pigment The eyes of
ilar Lo thise of
verlehrates. Although this has long been considered an

cephalopod molluses are amazingly si

astenishing example of convergence, both groups must
bave mberited the genes from a common ancestor, aned
thus thedr eves would be homologios,

Chapter 18, Arthropaods, is an introduction 1o Arthrepoda
aned 4 more detailed coverage of Chelioerat, Tnothis
chiaprer, many sections on spiders, scorpions, and
larvesimen were rewritten and revised.

Cliapter 19, Aquatic Mandibulates, benefits From much new
art, The phylogeny section in 1his chapler wis rewriticn
and includes a discussion of how biramous limbs in
Crustaeca probahly arose by o ooitation resulting ina
ociulation of Dsfal-dess gene exproession,

Chaprer 20, Terrestrial Mandibulites. is @ large chapler
hecanse insects are a large group. There were many small
rewrites and additions, including the discussion and
illustretion of sucking mouthpans, The phylogeny
discussion was heavily rewritten, including roles of Ao
venes and Distal-fess gene and the evelution of Hight
Chapter 21, staller Protostome }'I1;:I;|_ wis extensively
reorganized, as in Chapter 15, grouping lophotrechozadn
and ecdysoroan phyla under their appropriate headings.
Lophophorate phyla and Chaerogratha were hrought into
this chapter becise present evidence lends Lile ustification
0 covering them in separate chapress. Significant changes in
the phvlogeny discussion were recrined,

Chapter 22, Echinoderms and Herichordates, now
includes 2ll deuterostomes other than chordates. Alter
removal of chaetagnaths from the chapter covering
hemichordates, a very short chapter resulted; therefore,
hemichordates were moved @ join Eebinodermata,
Chapter 23, Chordates, undersent many clianges
throughout. incorporating new ideas about chordare
origins and character evolution, primarily [rowm nesa fessil
finds in China, molecular phylogenetics, and sdies of
developmental bielogy. Specifically, we e wlifiel s
aclded Neores, revised characteristics of chordates andl
vertehrates, revised discussion of hypotheses of origins af
chordates and vertehrates, and added a discussion en Hoe
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genes. Discussions of conodonts, ostracoderms, origin of
jaws, and origin of paired appendages were revised o
better emplhasize critical concepts and include more recent
information.

Coverape of the conlogy of amphibian declines in the

widld s incrensed in Chapter 25, Eacly Tetrapods and
Modern Amphibians,

The ttle of Chapter 20, Amniote Origins and Repilian
Groups, was changed o beter reflect capanded covernge
of derived features of amniotes, including the amniote cge,
Relationships ol major groups were updated, especially
showing that snakes and amphishbacnions cvalved from a
lizardlike ancestorn, Discussions of dinosaur behavior and
extincticn, snake Feeding mcthods, snakolite statisticos, and
cetothermy were revised, A new illustration of o snake
skull was addedd to show the extreme ne ity of their
heqd hones,

Chapter 27, Bivds, incorporates material on new fossil
dinosaur-bird finds and their significance w flight, The
seclion on meting systems was also modified,

In Chapler 28, Mammals, coverage on synapsid evolution
has Been cxpanded and suppeorting arvwonk @5 mocdified,
W added a scotion on whale evolution, revised the section
an the fenmentation system, and apdated coverage of
human evalution, incorpacating information from recent
fessil finds and analyses. Covernge of evolution of
eproductive systems wis changed extensively, including
evidence that the cherioallanteic placenta of placental
mamnals cvolved ina common ancestor of 11'|:||'.~.LL]]iul:. anl
plicentals, and was secondarily lost in marsupisls

Part Four: Activity of Life
¢ In Clapter 29 Suppon, Protection, and Movement, we
clanfied the role of exercise in differential stimulaton ol s
and slow fiber tvpes, and we upcited the microanatomy
and plvsiologry of sleletal muscle controction,
W claberated on the concept of homesstatic setpoing in
CE]E]]’JIL'I A0, Homenstasis, and sections on the role of urea in
osmoregulation of clhsmobmmchs and inourine comeentration
by mzmmials wene movised, Also revised were coverage of
aldosterone secretion, alosmerular ohuolar secretion, ADH
mechanisn of action, and conntereurment mueliplicarion,
Chapter 31, Ioternal Pluicds and Respiration, inchdes
revisions on excitution and control of hean function,
structure and function of the arterial svsten, respiration in
birds, regulation of respiration, and wanspon of respitatory
gases In mammals,
In Chapter 32, Digestion and Nutrition, we added a
consideration of the ramstem as o hunger conter and of
obesity as o llesivle problem in developed countries, New
informaticon on leplin resistance and obesity, and on the
ole of inflamaion in development of athemosclerosis
was e,
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= Chapler 33, Nervows Coordinution, includes new inlommaton
o the vormeronasal organ s o pheromonal sense ongzan
terrestrial verehnes and the possibilicy of pleromenal
conmunication in homeans, Covernge of tste discrimination
was uplated, including discovery ol unews Laste, unami.

«  Chaprer 34, Chemical Coordination. includes news
informarion on steroid harmaone membrane receptors,
steroidd abuse bw voung people. insulin action in the bein,
andd the impaortance of leptin during periods of decreased
fewencl intake,

= Within Chaprer 35, Imounity, we significantly updated the
section on innate immunity by addition of material on the
exciting discoveries of antimicrobinl peprides prodoced Ty
nuany invencebetes and verebrnes, responding on first
caposure to broad categorics of inviders such as gram-
positive hacteria, gram-negative bacteria, and fungi,

= Chapter 30, Animal Behaviorn coners advances in application
of phylogenetic approaches 1o sty o anmoa] Delaviaon
which highlights an imponam recent advaneement in the
field. Material was added on the important concepts of
reciprocal altmuism and evolutenarily stalde simregics,

Part Five: Animals and
Their Environment

= Chapter 37, The Biosphere and Anioal Distribuotion,
features new information on Wallaee's Line and i
illustracions of the impertanee of plaie ectonics in
hiogeography, Connections between material in this
chaprer and thae in Chapiers 6 and 10 e strengthened,

= o Chapter 38, Animal Ecology, we elabonate the niche
comcepl and have made it more comsistent with current
leading ecology texts. The discussion ol interactions among
species in a conmumunilty Jor example, commensalism and
mimicryd has been extended,

TEACHING AND LEARNING AIDS

To help students in vocabulary development, keyv waords are
haldfaced, and derivations of rechnical and zoological rerms are
provided, along with generic names of animals where they st
appoar in the text, Inthis way students gracually hecome famil-
i with the more common roors that comprise nany technical
terms. An extensive glossary of almest 1100 terms provides pro-
nunciation. derivation, and definition of cach wrm. Many new
terms were added o the glossary or rewritten for this edition.

A distinetive feature of this text s o prologoe for cach chap-
ter that deaws aut some theme or Bict relating 1o the subject of
the chapter. Some prologues present biological, particularly evis-
luticnary, principles; others Cespecially those in the survey sec-
tiomst illuminate distinguishing characteristics of the group
weared in the chapuer, Cach is intended to present an importan:
concepl drawn from the chaper inan interesting manner el
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will Freilitate lezrming by students, as well as engage their inter-
sl aned pigue their curiosiy.

Chapter notes, which appear throughour the ook, aug-
ment the text material and offer interesting sidelights without
interrupting Lhe marrative, We prepared many new notes for this
colrion and revised several exisling notes.

Tey assist students in chapter review, each clapler ends with
 concise summary, o list ol review guestions, and anno-
tated selected references. The review questions cnable a stu-
dert 1o selfrest retention and understinding of the more impor-
tanl haper material,

The historical appendix, unigue 1o this textbook, lists key
discoveries in soology, and separately describes hooks and pub-
lications that iwve zreatly influenced the development of wool-
apy, Many reaclers have found this appendix an invaluable reter-
crce 10 be consulied long after their formal taining in povlogy,
The Tristorical appendix will be found on this testhook's Online
[earning Center website o www bl com/zoalogy.

Aarain, William O, Gher el Claire W Garrison e cnhanced
the art program for this wxt with many new full-color paintings
that replace afcder ar, er that illustrate new material, Bill's artistic
Seills, koo cclee of Biclogy, and experiena e Tronm an car-
licr career as a practicing physician have enricl el this st through
cight of is editions, Claire practiced pedianic and olwelric nursing
Befome torning Lo scieneific illustration s 2 Full-time carcer, Texts
illust ezt Ty 14l aned Claire have received retional recognition and
o pwareds from the Association of Medical Hhustramons, American
Instinte of Graphic Ars, Chicagn Book Clinic, Printing [nelustries
of Armerica, and Baokbuilders West, They are also recipients of the
At Directors Award

SUPPLEMENTS

'he Instructor’s Testing and Resource CID-ROM provides
fetly o Instrectors Manual and a test bank to support the text-
boak, The Tstructors Manual includes annotateed chapter out-
lines, chapler-specific changes for this cilition, lecture enrich-
ment supaestions, commentiries aned lesson plans, questions Lo
advanced classes, and a listing of resource references for each
chapter, The Instreters alanual also includes o lsting of trans-
purencies and slides available with the book. A comprehensive
test hank offurs 33 0 30 abjective questions per chapler within
a computerized test goneration system For THRM and Macintosh
computers, Using this system, instruclors can creale Lesls o
quizzes quickly and eusily, Questions cian [ sorted Ty Type or
Tevel of dillieulve, and instructors aleo e add their own maler-

ia] 1o the Lk of questions provided. We tust this will be ol

patrticular value o Rrst-lime users of the wxr, although experi-
enced eachers may also find much of value,

The Laboratory Manual by Cleveland 170 Hickman, Jr. anel
e B Kas, Fabworeory Stedies i Dntegraded Principfes of Zuol-
Gay. now in s twelith edition, inclucles exercises on molecular
technigues, This manual can b cnstomized convenicntly for two
emester, one semester, or term courses by judicious selection of

CHOTUTHCH,

A ser of 150 [ull-color transparency acetates of important
exrual illusirations are available with this edition af ftesried
Principles of Zoology. Labeling is clear, dark, and bold for easy
reading.

A set of 148 animal diversity slides, photographed by the
authors and 131 Ober on then various exXcusions, i olfered in
this wnigue texthook supplement. Boith invertebrates and verte
brates are represented. Descriptions, including s wecific names of
cach animal and briel overview of the animal's ceology and:or
hehavior, aceompany the slides.

The Digital Content Manager CD-ROM is 4 il tiedis
collection of visual rescurees that allows instructons 1o cretle
powerful presentations for the elissroon, The Digial Content
Munager CL-ROM contains many photos andd all of the illustne-
lions from this texthook, along with 200 additional animal diver-
sity images, 20 animations of key Ficlogical concepts, and a col
leetion of underwater video clips displaying a variety of oocin
life, habimns, and behaviors, see page sx for acdditi mnal details,

The Zoology Essential Study Partner CD-ROM isan inler-
active student study tool that features activities, aninations, drag-
anel-drop exercises, sell-testing 1oals, full-color arl and graphs,
and more, and can be packaged to go with any Ml - Ll
roology Title. For further details, see page i, or contacl vour
G-l sales represenmative.

an Online Learning Center website is available with this
eelition and contains additional readings, animations, quizzing,
key werm flasheards, cladogram exercises, Animal Diversity
PowerPaint slides, Zoology Essential study Partner, and el
more (see page xx for specilic information ). Checle io ot al
wwy mbihe com/sonlogy,

Digital Zoology

Digital Zoology Version 2.0 Interactive CD-ROM and Stu-
dent Workbook by Jon Houserman is an interactive arice 1o the
specimens and materials covered in gy laboratory aned lec-
e sessions. Laborory modules contain illustrations, ho-
tograplis, annolabons al the major siroctres of oranismes, inter-
active quizzes, and video clips, Interactive cladograms within lal
mocules provide links o mieractive synapoms srphics of the v
jous animal groups, Key terms throughout the program link to
aninteractive glossary. This CD-ROM is the perfect student suuly
teresl Loy promote learning ath in and antside of the zoology lb-
oratary, and also comes with an accompanying student worls-
ook and website o provide additional siudy tips, exercises, and
phvla characteristics. (For [urther information, see page xxi)

ACKNOWLEDGMENTS

We wish 1o thank David Eisenhour, who was engaged by
MeGr-Hill 1o contribute directly to the revision of Chapler 23,
Chordates, Chaprer 24, Fishes, Chaprer 20, Amniote Origins @nd
Reptilian Groups, Chapter 27, Birds, and Chapter 28, Marmnmals,
Leon Harris revised Chapter 5, Principles ol Development. anl
we thank him for his efforts, MeGraw-Hill also wishes o thank



ww.mhhe . comgzool gy

atthew M. Douglas, Science Editor, for his contributions in
cparing the [nstructor's Manual and Test Bank for the 121h
CHIELCL,

The authers extend their warmest thanks to reviewers who
igeested numerous improvements and whose collective wis-
om was of the preatest assistance 10 us as we approached this
dition, Their experience with students of varying backgrounds,
d their interest in and knowledge of the subject, helped o
shiape the text into its final form,

- hﬂrhﬁmj. Abrabam, Heampton University

: jll:m! M. Assadli-Racl, Dedtar Crallepe

"';.inda Bacham, Mericlan Communiity Colloge

Bast, Masat Mary Colfege

- lisa L Bellows, North Ceniral Tovas College

Barbara 4. Bernardi, Stwdgfiefd Coflewe i ilfinois

Annalisa Berta, San ieso State Universily

bandra B. Tohick, Commeenity College of Allegbeny County

Ty W, Bryan, Hossior Parich Conpnmnniny Cioflese

- John B Capeheart, Dniversiy of Howston-Deowntown

Vincent Cobh, Nertheestern State Dniversity

~ Marjorie M. Collicr, fonisicona Stete {iversiti-Alexandria

D Charles Dailey, Sierrg Colfeoe

 Pauls Dedmon, Gastan Coflese

" Bandall Deere, Western Kenticky University

- Blizabeth Drvnnm, Oelfeerred Commronity Colleae

g Phillip Eichman, Civersity of Rio: Grade

i Gilson, Chacdrion Stede Collose

- lim R Goetze, Larede Comnenity College

~ Glenn Gorelick, €iris College

4 Joseph Goy, Herding Undversity

Eenneth D Hoover, feclsomeille Liriversity

. DnnF Ippolitg, Avdesson Dniversicy

Ritin Klan, Armstrosg Atlenstic Stete Liiversity

..: Gopal Krishina, Mobeely Area Conmiity Colleae

. David Kugjiaka, Obde Unideersi-Athens
 Zhiming Liu, Fasters New Mexico Dariversil)

':' Willizm [. Mathens, Kasbasbio Colfepe

'_Gl'egm? 1 McConnell, Eaacey aned Fleary College
. " Tim B Mullican, Dakota Wesfevan Cilversily

Preface Hix

Mark 5. Peterson, niversity of Sonitbern Misstssippi
Polly Phillips-Sanborn, Migemi-Dede Compmnity College
Riobert Powell, defla Colfepe

Susan K. Reimer, 5t Francis Collese

Donald C. Rizzo, Maryerove Colleae

Greig Rose, West Valley Collepe

Allen F. Sanhorn, Barry Cafversiiy

Meil B Schanker, Coffepe of The Sididpons

Fred Schindler, frdian Hills Consmeiinity Colleos

Larry Sellers, Zowdsiarte Tech Uiiversity

W Davicd Sissom, Wiest Tevas ASM Unfversity

F. Christopler Sowers, Wilkes Compronity Collose

Bl Sterv, Mervseifle Cominnnity College

Dranny Wann, Cearl Albert funior Coffege

Clavion b White, Brivheam Young Caiversioe Frose
Mary K. Wicksten, Teves ASM University-Colloge Station
Brian Wisenden, Moovrbed State Cuiversily

Bronda Zink, Nestbesstern funior College

The authors express their appreciation o the editars and
support staff ar MeGraw-Hill Higher Education who made this
project passible. Special thanks are due Marge Kemp, Publisher,
and Donng Memmers, Senior Developmental Editor, who were
the driving forces in piloting this wext throughout s develop-
ment. Mary Powers, Project Manager, sonchow kept authors,
text, art, and production programs on schedule, John Leland
erversaw the extensive phorographic progeam, and Davicd Tash
managed the baal’s interior and cover design. We are indelied
to them for their talents and dedication.

Although we make every effort o bring o you an error-free
text, errors o many kinds inevitably find their way into a text-
hook of this scope and complesity, We will be grateful to read-
ers who have comments or suggestions concerning content to
send their remacks o Fran Schreiber, Developmental Editor,
2400 Kerper Boulevard, Dubugue, TA 52001, Fran nay also be
contacted by e-mail: [ran_schreiber@mograw-hill com,  or
through this wextbook’s websie: waw mhlhe.comszooloey,

Clevelind P, Hickmzn, Jr,
Larry 5. Rohers

Allan Larson

Helen 1'Anson



