EREFACE

ﬂ:rgmrm’ Principles of Zoology continues to be the leading rext

- for the introductory zoology course. With the sixeench edition,

- the authors bring a wealth of real experience as they describe the

G 'd.l"ﬂ:I'SIl'j' of animal life and the fascinating adaptations that enable
: - animals to inhabit so many ecological niches,

The overall organization of this text has proven to work well
to help scudents understand the content. Distinctive features, espe-
cially the emphasis on principles of evolution and zoological science,
have been strengthened. To aid in studene learning, several pedagog-

_ ical fearures have been retained: opening chapter dialogues drawn

(| from the chapter's theme; chaprer summaries and review questions
to aid in comprehension and study; concise and visually appealing
illuserarions; chapeer notes and essays that offer interesting sidelights
to the narrative; literature citations; and an extensive glossary pro-

' viding pronunciations, derivarions, and definitions of terms used in
rh: rexc.

NEW TO THE SIXTEENTH
'EDITION

Phylugeny and Taxonomy

Each edition of Integrated Principles of Zoolagy brings new knowledge
of phylogeneric relationships among animals and their corresponding
fﬁﬁnﬁrﬁ}r Relationships among the animal phyla remain a particu-
lacly challenging phylogenctic problem, with new data often rejecting
formerly favored relationships at the phylum level. We thus add sev-
eral new groups to the cladogram inside the Front Cover and reorder
some chapters accordingly. New raxa include Plarvzoa, which unires
Placyhelminches, Gastroricha, and Gnarthifera; Polyzoa, which com-
prises Cycliophora, Entoprocta, and Ectoprocta; and Kryprrochozoa,
uniting taxa with a “hidden” or modified trochophore larval stage.
Kryptrochozoa contains Brachiopoda, Phoronida, and Nemertea.
Note thar the lophophorate raxa (Ectoprocta, Brachiopoda, and Pho-
ronida) do nort form a clade. To accommodate these changes, con-
tents of Chaprers 14 and 15 are reordered with respect to coverage
_ in the fifteenth edition. Chapter 14 now presents the acoelomorphs,
- Platyzoa, and mesozoans, whereas Chaprer 15 covers Polyzoa and
- Kryptrochozoa.
he New phylogenetic data likewisc require some major revisions of
 cladograms within phyla and chapters. (1) We ;l.dd v:lnss Homaoscle-

.

: uns]'llps and taxonomy within phylum Annchda {( hapter 17) are
: mmpl:r:lyrevwed, discontinuing the traditional but now clearly para-
flh}r]cﬁcta.xa Polychaera and Oligochaera. The terms “polychacte” and
uhgodu:rc continue to denote particular morphologies but not
~ formal taxa, The basal phylogenetic split within annclids shaws chae-
mpf:end worms forming the sister taxon to the archiannelids. Many
i ].rcars ago, zoologists taxonomically separated errant pulychaucs

from sedentary polychactes, but modern biologists rejected this
dichotomy. New phylogenies resurrect this distinction, bur place
sedentary polychaetes in a clade with members of Clieellaca. We in-
clude members of former phylum Echiura, the spoon worms, as a
branch within the sedentary polychaetes and discuss the loss of me-
tamerism implied by this position. We continue to place phylum
Sipuncula ourside Annelida despite some conflicting phylogenetic
evidence. (3) The revised molluscan cladogram in Chaprer 16 now
places Aculifera (Solenogastres, Candofoveara, and Polyplacephora)
as the sister taxon to Conchifera (shellbearers). (4) Within Ecdysozoa
{Chapter 18), recent work places Onychophora and Tardigrada as
sister taxa, with this pair being the sister taxon to Arthropoda, We
added a descriprion of the human parasite, guinea worm, to the sec-
tion on nematodes. (5) The arthropod cladogram in Chapter 19 now
depicrs relationships supported under the mandibulate hypothesis: all
taxa sharing mandibles are united and this group is distincr phyloge-
netically from the chelicerate taxa. (6) The evolutionary relationships
among the crustacean arthropods are revised, especially the positions
of Cephalocaridea and Remipedia (Chapter 20). Some major group-
ings within Crustacea have not been assigned tradirional Linnacan
ranks (classes and orders) and are thus presented as rank-free caxa.
(7] Revisions to echinoderm taxonomy (Chaprer 22) include addi-
tion of newly discovered, bilaterally symmetrical fossils and a new dis-
cussion of the phylogeny of Xenarurbellida. (8) We streamline and
update coverage of early tetrapod cvolution, including placements of
key fossil taxa on the phylogeny (Chaprer 25). (9) Species diversity
of amphibians (Chaprer 25) is updated to include many recendy dis-
covered species. {10) We extensively revise the ordinal level taxonomy
of birds {Chaprer 27). (11) Results of recent fossil studies update our
discussion of human evelution (Chapter 28).

We expand our coverage of molecular phylogenerics to show how
approaches based on maximum-likelihood and Bayesian methods per-
mit us to overcome simplifying assumptions in molecular evolution
and thus to obtain more information from aligned DNA sequences
{Chapter 10). We emphasize that our prior coverage of parsimony-
based cladistic methods is a simple limiting case of the more elabo-
rate procedures rather than a fundamental contrast of phylogeneric
principles. Although these methodological advances might seem to
be beyond the scope of an introductory course, most of our updates
te animal phylogeny are based on these methods. Basic knowledge of
statistical inference in phylogeny is thus a foundational principle of
madern zoclogy.

Conceptual and Empirical Updates

We include revised or cxpanded coverage of critical concepts that we
invoke repearedly through the text. Chapter 1 includes an extensively
revised discussion of science as a process, with illustrative examples. The
major contrast “experimental versus comparative methods” replaces
the elder “experimental versus evolutionary sciences” in separaring
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methodological approaches for evaluaring proximate versus ultimare
causes. We revise our coverage of Darwinism to emphasize continuiry
of past and present forms as a critical part of Darwin’s most basic claim
of perpetual change (Chaprers 1 and 6). In Chapeer 10, we clarify the
contrast berween classification and systematization and add a citation
to the original article making this concrast, We introduce for the firse
time in this text the “general lineage concept of species” as one thar em-
phasizes the shared artributes of the contrasting species concepts, spe-
cifically thar in cach one a species has the primary definition of being
a segment of a population lincage. We remove the term “traditional”
from our standard reference to Simpsonian cvolutionary taxonomy
{Chapter 10), following a reviewer’s comment that this rerm miscak-
enly implies an antiquared system.

We include throughout the text numerous updates to empirical
resules, methods, and interpretations of key examples. In some cases,
these changes denote new widespread acceprance of claims formerly
considered tentative or marginal. Our coverage of the chemistry and
origin of life (Chapter 2) adds the hypothesis that early phorosyn-
thesis urilized hydrogen sulfide or hydrogen gas rather than water as
source of hydrogen atoms. We add explicic coverage of hypotheses
of the great oxygenarion event (GOE) 2.5 billion years ago and its
enormous consequences for evolurion of life. In discussing the im-
portance of water for life, we update NASA findings of ice on the
moon as critical to planning & human outpost there. In our cover-
age of lipids, we substitute the more popular term “triglycerides” for
“ncutral fars."

In our evolutionary coverage, we add new information help-
ful for explaining whar appear to be high levels of speciation in lake
fishes (Chapter 6). Climatic cycles produce episodic geographic
fragmentation followed by consolidation of lake-fish populations,
thereby explaining how allopatrie speciation can explain high fish
specics diversity within what is now a single lake. Also in the evolu-
tion chapter, we have rewritten the explanation of Hardy-Weinberg
equilibrium ro make more explicit the historical formulation and
use of this mathemartical principle as a null hypothesis. We extend
the coverage of Hardy-Weinberg equilibrium to include more than
2 alleles, given that most molecular markers used in modern popula-
tion genetics reveal multiple alleles in a population for most variable
genetic loci.

Our coverage of evolutionaty ecology (Chapter 38) includes a
revised description of mimicry between monarch and viceroy buteer-
flics acknowledging evidence that the viceroy is somewhar distasteful
and thus might betrer fit the Miillerian model of mimicry rather than
the Batesian model. W revise our discussion of the contrast berween
mass extinction and background extinction to note that the contrast
is greater in the post-Paleozoic fossil record than in the Paleozoic, We
add new discussion of how solar cycles can influence the timing of
predator-prey cycles, illustrating interaction of density-dependent and
density-independent ecological phenomena. Furcher coverage of popu-
lation cycles of snowshoe hare appears in Chapter 28 together with up-
dates on caribou populations and human domestication of mammals.
Chapter 27 features a new, boxed essay on the effeces of DDT on bird
populations. Chapter 30 includes clarifications in salt and water bal-
ance in freshwater, marine, and terrestrial environments, and in inverte-
brate excretory structures,

Preface xi

Mulriple updartes to our physiological coverage emphasize im-
poreane findings relevant to humans. We substantially modify the
secrion on regulation of food intake (Chaprer 32) to include new sta-
tistics on overweight and obese adults and children, and informarion
on energy balance by the newly discovered hormone, irisin. Because
irisin originates in skeletal muscle and is released into blood during
exercise, we add skeleral muscle as an endocrine tissue in Chaprer 34
and update coverage of its structure in Chapter 29. Chaprer 33 in-
cludes clarifications on myelin, microglial cells, and the resting mem-
brane potencial. Chaprer 35 presents new informarion on the innate
lymphoid cell (ILC) called RORy:" ILC and its role in GI crace
bacterial containment by secretion of interleukin 22. Revisions to
Chaprer 34 add a text box on G protein coupled receprors and a sec-
tion on cytoplasmic receprars for lipid-soluble hormones, such as ste-
roids. Revisions for greater clariry of explanation occur in coverage of
the enteroendocrine system as a diffuse endocrine tissue, the hypo-
thalamus and neurosecretions, and brain neuropeptides. Chaprer 38
includes a revised discussion of how humans fit into the ccological
food web and a new graphic showing demographic changes in Mexico.
Chapter 7 includes an updated box on contraception in females, and
new information on continued production of germ cells in adult mam-
mals, Chaprer 34 includes new staristics on uses of anabolic steroids by
adolescents. Chaprer 35 presents new statistics on the worldwide spread
of AlDS. New physiological marterial outside the realm of human biol-
ogy includes updates on invereebrate immune functions (Chaprer 35),
caste systems in insects (Chapter 18), and reproductive biology of
hagfishes (Chapter 24).

The International Commission on Stratigraphy has greatly revised
the estimated ages of many rock strata as shown on the inside back
cover of the book. We have updated our figure to match their 2013
version of the International Chronostratigraphic Chart, and we have
made revisions throughout the text to accommodare the new geologi-
cal dates. Nonetheless, students should be aware that geological dares
have changed considerably in the past two years and are likely ro change
again, yielding discrepancies among primary and secondary sources in
the cxact daces of geological strata. We have retained some presenta-
tions, such as Figure 6.12, in the form originally reporved rather than
trying to interpolate the effects of new stratigraphic dates on the
temporal discributions of fossils. We add a footnote to Chaprer 38
acknowledging that David Raup's analysis of extinction peaks would
need some revision to be strictly compartible with the new dating of
geological strata. Nonetheless, his major finding of cpisodicity of ex-
tinction peaks is robust to the revised rime scale,

Pedagogy and Illustrations

Many changes serve primarily to improve pedagogy racher than
adding new material. We add Latin names of species featured in
illustracive examples of animal behavior, geography, and ecology
{Chapters 36-38). We add specific information on the sources of ex-
amples used to illustrate cellular-level phenomena; for example, we
identify the source of epithelial cells shown in Figure 1.4 as the lining
of a rat oviduct, We standardize the boxed summaries of taxon charac-
teristics in the vertebrate chapters to follow the same sequence of body
SYSTEMS AMOng c:haptcrs. We convert many statements from passive to
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active voice, which makes the text more engaging while decreasing its
total lengch. We have eliminated some redundancies to shorten the
text; for example, marerial contrasting development of protostomes
and deuterostomes was removed from Chapter 10 because of redun-
dancy with Chapter 8,

Topics revised for improved pedagogy include adding a diagram
of the quaternary strucrure of hemoglobin {Chapter 2}, which is refer-
enced in examples using hemoglobin in other chapters. Also in Chaprer 2,
we expand the deseription of endosymbiotic arigin of eukaryotic cells
with an explanatory diagram. Chaprer 3 fearures some redrawn figures and
a new explanation of transport of substances across cell membranes by
diffusion, osmosis, and facilitated diffusion using channels and carder pro-
teins, Chaprer 5 presents expanded coverage of the effect of Hemoglobin §
on the quarernary structure of hemoglobin {Chapeer 2). We include a
new figure in Chaprer 5 to illustrate how polygenic inheritance produces
quanticative variation in phenotype, and we have modified Figure 3.6 to
make a more obvious visual distinction berween rall and shore plants in
Mendel’s experiments. Chapter 6 includes a new question instructing
students to calculare allelic frequencies from allozvme dara, Chapter 7
includes a new explanation of asexual reproduction, including a new
text box on parthenogenesis in mammals, plus revised descriptions of
oogenesis and invertebrare reproductive systems. Chaprer 10 presents a
new figure to illustrare the contrasting decisions that advocares of differ-
ent species concepts would make in handling taxonomically challenging
situations (hybridization, asexual reproduction). This exercise will help
students to appreciate the complexity and ambiguities commonly en-
countered in taxonomic recognition of species, Chapter 10 features an
important new reference to David Baum and Stacey Smith's recent book
Tree Thinking, which is particularly helpful in teaching students how to
interpret and to use phylogenetic trees,

Organismal coverage features new graphics and highlights on
particularly interesting raxa. To Chaprer 11 we add a bricf discussion
of giant multinucleate foraminiferans called xenophyophores. These
organisms reach 20 em in diameter and collect small particulates into
a test. Their fecal pellets often contain heavy metals such as lead and
they concentrate barium in the cytoplasm. We also have replaced the
life-cyele diagram of a colonial species of Filvox with an illustration
af the lifecvele of the multicellular Falvox carteri. This photosynthetic
eukaryote exemplifies one of the 25 known cases where multicellular-
ity has evolved independently. In Chapter 12 we have added che aston-
ishingly complex harp sponge, Chondrackedia lyra, to our discussion of
Porifera and included a photograph. This deep-sea sponge is surpris-
ing in its morphology, mode of feeding, and reproductive biology. We
also have added a new drawing of the morphology of & hexactinellid
sponge. Many archropod photos have been updated, including a new
photo of a camel (wind) spider (Chapeer 19). Chapter 20 features a
new photograph of a giant (40 em) deep-sea isopod. Many photo-
graphs of the echinoderms in Chaprer 22 have been replaced with
better ones, and a new note describes ranching of sea cucumbers. We
cxpand coverage of venomous snakes (Chapter 26) and avian flight
(Chapter 27) with new figures. Improved photographs illustrate sexual
dimorphism in wood ducks (Chapter 6), penguins as an adaptive zone
(Chapter 10}, and otter as an important predator on sea urchins in
oceanic kelp forests (Chaprer 37). Improved graphics include illusera-
tions of frog reproductive modes (Chapter 25) and mammalian denti-

tion (Chapter 32).

TEACHING AND LEARNING AIDS

To help students in vocabulary development, key words are boldfaced
and derivations of technical and zoological terms are provided, along
with generic names of animals where they first appear in the text. In
this way students gradually become Familiar with the more common
roots that form many technical terms. An extensive glossary provides
pronunciation, derivation, and definition of cach term. Many new
terms were added to the glossary or rewritten for this edition,

A distincrive feature of chis text is a prologue for each chaprer
that highlights a theme or fact relating to the chapter. Some pro-
logues present biological, particularly evolutionary, principles; those
in Part Three on animal diversity illuminate distinguishing charac-
teristics of the group presented in the chaprer.

Chapter notes, which appear throughout the book, augment the
rext material and offer interesting sidelights without interrupting the
narrative. We prepared many new notes for this edition and revised sev-
eral existing notes.

To assist students in chapeer review, each chaprer ends with a con-
cise summary, a list of review questions, and annotated selecred ref-
erences, The review questions enable 4 student to self-test retention
and understanding of the more important chapter material.

Again, William C, Ober and Claire W. Ober have serengthened the
art program for this text with many new full-color paintings that replace
older art, or that illustrate new material. Bill’s ardistic skills, knowledge
of biology, and experience gained from an carlicr carcer as a practic-
ing physician have enriched this text through 10 of its editions. Claire
practiced pediarric and obstetric nursing before turning to scientific
illuseration as a full-time career. Texts illuserared by Bill and Claire have
received national recognition and won awards from the Association of
Medical Tllustrators, American Institute of Graphic Arts, Chicago Book
Clinic, Printing Industries of America, and Bookbuilders West. They
are also recipienes of the Are Directors Award,

Online Resources for Students and Instructors
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potie wﬁe Best of
Both Worlds

MeGraw-Hill Higher Education and Blackboard®
have teamed up!
What does this mean for you?

» Life Simplified. Now, all McGraw-Hill content (rext, tools, &
homework) can be accessed directly from within your Blackboard
course. All with one sign-on.

L_,-.nmr! 'I:

» Deep integration, McGraw-Hill’s content and content engines
are scamlessly woven wichin your Blackboard course.

+ No more manual synching! Connect™ assignments within
Blackboard automarically (and instantly) feed grades directly
to your Blackboard grade center. Ne more keeping wrack of two

gradebooks!
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McGraw-Hill Connect® Zoology provides online presentation,
assignment, and assessment solutions, It connects your students
with the tools and resources they'll need to achieve success. Wich
Connect Zoology you can deliver assignments, quizzes, and tests
online. A robust ser of questions and activities are presented in
the Question Bank and a separate set of questions to use for cxams
are presented in the Tesc Bank. As an instructor, you can edit existing
guestions and author enrirely new questions.

Track individual student performance—by question, assignment,
or in relation to the class overall—with detailed grade reports. Integrate
grade reports easily with Learning Management Systems (LMS), such
25 WebCT and Blackboard—and much more. ConnectPlus Zoology
provides students with all che advantages of Connect Zoology plus
24/7 online access to an «Book, This mediarich version of the book
is available through the McGraw-Hill Connect platform and allows
seamless integration of text, media, and assessments,

To learn more, visit www.megrawhillconnect.com

MeGraw-Hill Tegrity” records and distributes your class lecrure with
just a click of a burton. Students can view them anytime/anywhere
wia computer, iPod, or mobile device. It indexes as it records your
PowerPoint presentations and anything shown on your computer so
students can use keywords to find exacely what they want to study.
Tegrity is available as an integrated fearure of McGraw-Hill Connect
Zoology and as a standalone,

SLEARNSMART

MecGraw-Hill LearnSmare is available as an integraced fearure of
MecGraw-Hill Connece Zoology. It is an adaptive learning system de-
signed to help students learn faster, study more efficiently, and recain
more knowledge for greater success. LearnSmarr assesses a student’s
knowledge of course content through a series of adaptive questions. It
pinpoints concepts the student does not understand and maps our a
personalized scudy plan for success. This innavative study toal also has
fearures chart allow instructors to see exactly what students have accom-
plished and a built-in assessment tool for grading assignments. Visic che
following site for & demonstration: www.mhlearnsmarr.com
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BSMARTBOOK"

Powered by an intelligent diagnostic and adaptive engine, SmartBoolk
facilitates the reading process by identifying what content a student
knows and doesn't know through adaptive assessments.

As the student reads, the presentation of the reading material con-
stancly adapts to ensure the student is focused on the content he or she
needs the most to close any knowledge gaps.

@create

With McGraw-Hill Create, you can casily rearrange chaprers, com-
bine material from other content sources, and quickly upload content
you have writcen, like your course syllabus or teaching notes. Find the
content you need in Create by searching through thousands of leading
MeGraw-Hill textbooks. Arrange vour book to fit your reaching scyle.
Create even allows you to personalize your boolds appearance by select-
ing the cover and adding your name, school, and course information.
Oirder a Create book and you'll receive a complimentary print review
copy in 3-5 business days or a complimentary electronic review copy
(eComp) via e-mail in minutes. Go to www.mcgrawhillereare.com
today and register to experience how McGraw-Hill Create empowers
you to teach your students your way. www.megrawhillereate.com

Connect and the Online Learning Center

The Integrated Principles of Zoology Online Learning Center within
Connect or at www.mhhe.com/hickmanipz16e offers a wealth of
teaching and learning aids for instructors and studencs. Inseructors will
appreciate:

+ A password-protected Instructor’s Manual and Test Bank

The Inserucror’s Manual provides chapter outlines, lecture
enrichment suggestions, lesson plans,  list of changes from the
previous edition, and source materials.

The Test Bank utilizes resting software to create customized
exams is available with chis text. The user-friendly software
allows instructars to search for guestions by topic or format,
edit existing questions or add new ones, and scramble questions
to create multiple versions of the same test. Word files of the test
bank questions are provided for those instructors who prefer to
work outside the test-generator sofrware,

o Access to the new online Presentation Tools including
illustrarions, photographs, and tables from the text

«  Lecrure PowerPoint with images, lecture outlines with fully
embedded animations

e  FlexArt Image PowerPoints—including every piece of art that has
been sized and cropped specifically for superior presentations as
well as labels thar you can edit

s Links to professional resources
Students will appreciate:

e Online activities such as chapter quizzing and key term flash cards
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For the Zoology Lab

Laboratory Studies in Integrated Principles of Zoology by
Cleveland Hickman, Jr., Susan Keen, and Lee B. Kats

MNow in its sixteenth edition, this lab manual was writren o ac-
company [ntegrated Principles of Zoology, and can be casily adapted o

&t a variery of course plans.
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