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Preface

The beauty, mystery, and power of the sea
fascinate people all over the world. That, of
course, includes students who enroll in un-
dergraduate courses in marine biology. For
many of these students, taking a marine biol-
ogy course is the natural expression of an in-
terest in marine life that began through scuba
diving, recreational fishing, aquarium keep-
ing, or viewing the superb television docu-
mentaries. Through these interests, many stu-
dents will also be concerned about the
increasing impacts of humans on marine
ecosystems. Marine Biology, Fifth Edition,
was written to reinforce and enhance our
readers’ enchantment with marine life while
providing a rigorous introduction to marine
biology as a science. )

Marine Biology is used by high school, un-
dergraduate, graduate, and adult education
students, and by interested laypersons not en-
rolled in formal courses. We have been de-
lighted to learn that even some professional
marine biologists find the book to be a useful
general reference. While keeping this range of
potential users in mind, we have written the
text primarily for lower-division, non-science
majors at colleges and universities. Marine bi-
ology will be the only tertiary science course
that many of these students will undertake,
and will often serve to satisfy a general educa-
tion requirement. We have therefore been
careful to provide solid basic science coverage
including some principles of the scientific
method, the physical sciences, and basic biol-
ogy. Our general aim has been to integrate this
basic science content with a stimulating, up-
to-date overview of marine biology. We hope
this approach demonstrates the relevance of
the physical sciences to biology and makes the
study of all sciences less intimidating. To this
end, we use an informal writing style that em-
phasizes an understanding of concepts over
rigorous detail and terminology.

We recognize that general science content
will not be needed in all marine biology
courses, either because the course is not in-
tended to satisfy general education require-
ments or because students already have some
scientific background in the sciences. To bal-
ance the needs of instructors teaching courses
with and without prerequisites in basic biol-
ogy or other sciences, we have designed the
book to provide as much flexibility as possi-
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ble in the use of the basic science coverage,
the order in which topics are presented, and
in overall emphasis and approach. We have
tried to meet the needs and expectations of a
wide variety of students, from the scuba-
diving philosophy major to the biology major
considering a career in marine science. We
also hope that a variety of readers, other than
university students, find the book useful and
enjoyable.

Four major themes run through Marine Bi-
ology, one being the coverage of basic science
as applied to the marine environment. An-
other is an emphasis on the organisms them-
selves, and their vast diversity not only in tax-
onomic terms but also in structure, function,
and ecology. A third theme is an ecosystem
approach that integrates this organismal diver-
sity with the challenges imposed by the sur-
rounding environment, both physical and bi-
ological. A final theme that, for better or
worse, becomes increasingly relevant with
each passing year is the interaction of humans
with the marine environment. =~

Marine Biology, Fifth Edition, takes a
global, non-regional perspective to emphasize
that the world’s oceans and seas are an inte-
grated system that cannot be understood by
looking in any one person’s own backyard.
For many students this is a new perspective.
One aspect of our global approach is the de-
liberate inclusion of examples from many dif-
ferent regions and ecosystems so that as many
students as possible, not just in North Amer-
ica but around the world, will find something
relevant to their local areas or places they
have visited. We hope this will stimulate
them to think about the many relationships
between their own shores and the one world
ocean that so greatly influences our lives.

Fourth Edition

Changes in the Fifth Edition

The fifth edition of Marine Biology incorpo-
rates the most extensive art revision since the
first edition was published in 1991. Most of
the illustrations have been improved to make
them clearer, more accurate, more under-
standable and more attractive, using space
more efficiently (see below). Many pho-
tographs from previous editions have been
replaced, and others digitally enhanced. The
part-opening and chapter-opening photos are
all new. We have also adopted a new interior
design that is more reader-Iriendly and makes
better use of space. We hope readers are as
delighted with the results as we are.

As in the last edition we have expanded our
coverage of the role of microbes in marine
ecosystems in response to the steady stream of
relevant new research findings. This includes
incorporating \the finding of organelles in
some bacteria in Chapter 4. a new section and
summary table in Chapter 5 on prokaryote
metabolism, and updated coverage of pico-
and nanoplankton in Chapter 15. We have
added a new section on larval ecology to Chap-
ter 10, which also contains additional infor-
mation about anthropogenic influences on
global nutrient cycles and a new figure show-
ing the phosphorus cycle, and consolidated
the description of different groups of corals
and the distribution of zooxanthellae with a
new table in Chapter 14. We have somewhat
reduced the coverage of certain classical tech-
niques, for example in methods of water sam-
pling and measuring primary productivity, in
favor of more modern procedures methods.

As in previous editions we have updated
the text throughout to reflect recent events,
new research, changes in perspective and to

Enhanced Fifth Edition
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include information requested by reviewers.
The fifth edition presents new information
about the Tethyan fauna, past climate vari-
ability, hot spots in the earth’s mantle,
Antarctic upwelling, nucleic acids, viruses,
fisheries, cleaning associations, the taxonomic
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Mesopelagic Mesopelagic Deep-sea
Epipelagic (vertical migrators) (non-migrators) Deep Pelagic bottom
i
Appearance
il
I\
Size Wide size: mﬂ%ﬁ. Small Small Felatively small, larger. Relatively large
from tiny to huge than mesopelagic
Shape Streamiined Relatively elongated | Relatively elongated | Mo streamiining, Very elongated
and/or laterally and/or laterally often globular in
compressed compressed shape
Musculature Strong muscles, fast Moderately strong Weak, flabby muscles | Weak, flabby muscles Strong muscles
swimming muscles
Eye Large eyes Very large, sensitive Very large, sensitive Fyes small, sometimes Small eyes
characteristics oyes sometimes absent
tubular eyes
Coloration Typical counter- Black or black with Black-or black with Black, occasionally red, | Dark brown or black
shading: dark back silver sides and silver sides and often lack coloration
and white or silver belly; counter- belly; counter- at greatest depths
belly illumination illumination
B i Only @ few groups
relatively common, often common, often comimon, often bioluminescent
uncommon used for counter- used for counter- used to attract
illumination illumination prey

position of pogonophorans, Pfiesteria, os-
motic regulation in fishes, indirect ecological
interactions among species, shark attacks,
bioerosion on coral reefs, coral bleaching,
epipelagic cyanobacteria, endangered marine
species, temperature regulation in “warm
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blooded” fishes, hydrothermal vents, benthic
diversity on seamounts, and many other top-
ics. As usual we have updated facts and fig-
ures, corrected errors, and reorganized some
sections to improve balance and logic flow.
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Organization

Marine Biology is organized into four parts.
Part 1 (Chapters 1 through 3) introduces
students to marine biology and related fields
of science. Chapter 1 describes the history of
marine biology. It also covers the fundamen-
tals of the scientific method, which are es-
sential in understanding how science works.
This feature presents science as a process, an
ongoing human endeavor. We believe it is
important for students to realize that science
has limitations and that there is still much to
be learned. Chapters 2 and 3 present basic
material in marine geology, physics, and
chemistry. Marine Biology includes more in-
formation on these subjects than other texts,
but we have kept Chapters 2 and 3 as short
as possible and cover many physical and
chemical aspects of marine environment in
the chapters where they are most relevant to
the biology. Wave refraction, for example, is
covered in conjunction with intertidal com-
munities (Chapter 11) and estuarine circula-
tion is discussed as part of the ecology of
estuaries (Chapter 12). This approach pro-
vides general science coverage for instruc-
tors who need it, while allowing other in-
structors to use these chapters for
background reference. It also emphasizes
the importance of the physical and chemical
environment to the organisms of the sea.
Like the rest of the book, Chapters 2 and 3
include original world maps that were
drawn using the Robinson projection to
minimize distortion.

Part 2 (Chapters 4 through 9) takes a close
look at the diversity of marine organisms.
Chapter 4, “Some Basics of Biology,” is a briel
introduction to basic biology aimed at stu-
dents with a limited background in biology.
As with the fundamentals of geological, phys-
ical, and chemical oceanography, these basic
biological concepts are reviewed throughout
the book in “In-text Glossary” entries that re-
mind students of the definitions of key terms.
Because the most important material is re-
viewed in these boxes, Chapter 4 may be
omitted if students have an adequate back-
ground in basic biology. Chapters 5 through
9 survey the major groups of marine organ-
isms from the perspective of organismal biol-
ogy. As in the first part of the book, we pro-
vide introductory information that is
reviewed and expanded upon in later chap-
ters. In discussing the various groups of or-

ganisms, we emphasize functional morphol-
ogy, ecological and physiological adaptations,
andseconomic importance or significance to
humani?y. Classification and phylogeny are
not stressed, although a general classification
scheme is presented in graphical form at the
beginning of each chapter. Here and through-
out the book we selected organisms from
around the world for illustration in pho-
tographs, line drawings, and color paintings,
but organisms from the coasts of North
America are emphasized. Organisms are re-
ferred to by their most widely accepted com-
mon names; one Or two common or impor-
tant genera are noted in parentheses the first
time a group is mentioned in a chapter, but
we have not attempted to be comprehensive
in listing genera. Nomenclature follows for
the most part the FAO Species Catalog and
Species Identification Guides for groups cov-
ered by these references.

The third part of the book (Chapters 10
through 16) presents an ecological tour of
the major environments of the world ocean,
commencing with an introduction to some
fundamental principles of marine ecology in
Chapter 10. As for Chapter 4, important
concepts presented here are reviewed else-
where in the In-text Glossary boxes. The re-
maining six chapters of Part 3 proceed from
nearshore to offshore and from shallow to
deep water, describing the physical charac-
teristics of each environment and the adapta-
tions and interactions of the organisms that
live there. This sequence is admittedly arbi-
trary but conforms to the teaching sequence
followed by the greatest number of our re-
viewers. The chapters, however, are designed
so that they can be covered in any sequence
according to instructors’ preferences and
needs. Most chapters include generalized
food webs that follow a standardized scheme
of color coding to indicate the nature of the
trophic relationships.

The final part of the book looks at the
many ways in which humans interact with
the world ocean: our use of and impact on
the marine environment, and the influence of
the ocean on culture and the human experi-
ence. These chapters present an up-to-date,
comprehensive view of issues and concerns
shared by many students. The chapter on re-
source utilization (Chapter 17) looks not only
at traditional uses such as fisheries and mari-
culture, but also at more modern aspects such
as the pharmacological use of marine natural
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products and the application of genetic engi-
neering to mariculture. In Chapter 18, a dis-
cussion of human-induced degradation of the
marine environment is balanced by an exami-
nation of the conservation and enhancement
of the marine environment. The book closes
with an essay 'on the impact of the ocean on
human affairs (Chapter 19) that we hope will
stimulate students to reflect on the past and
future significance of the world ocean.

Teaching and Learning Aids

Because courses vary in ‘content and se-
quence, Marine Biology was designed to be a
flexible and efficient teaching aid. Chapters
are written as short, readily absorbed units to
increase instructors’ flexibility in selecting
topics. It is not assumed that instructors will
follow the order in which material is pre-
sented in the book. For this reason, we pro-
vide an In-text Glossary that briefly explains
key terms and concepts from other chapters.
Some are illustrated by line drawings. Each
box refers to the chapter and page where the
concept is explained if more detailed infor-
mation is needed. We hope this feature re-
duces the distraction of searching the index
for unfamiliar terms.

Key concept summaries, printed in ital-
ics, highlight the most important terms and
ideas presented in preceding paragraphs. The
text is accompanied by a superb collection of
photographs and illustrations that were care-
fully designed and selected to complement
and reinforce the text. Sorne of their captions
contain questions that seek to further stimu-
late the student. There are many maps specif-
ically created for Marine Biology to our speci-
fications. The extensive Glossary provides
complete definitions, and often refers to illus-
trations in the text or other key terms in the
glossary that help explain a concept.

All chapters contain short Boxed Essays
that present interesting supplementary
information—material as varied as experi-
mental setups, John Steinbeck, intelligence in
dolphins, and marine archzeology.

Each chapter concludes with material to
promote students’ Interactive Exploration of
topics covered in the chapter. This material is
specifically designed to be used in conjunc-
tion with the book’s Online Learning Cen-
ter. Several Critical Thinking questions are
posed at the end of each chapter to challenge




students and stimulate class discussion. Many
of these have no “right” answer—that is often
the point. A brief annotated list of recent
readings, For Further Reading, is provided
for students who want to learn more. As in
previous editions the list includes richly illus-
trated General Interest articles in publica-
tions such as Scientific American, Discover,
and National Geographic that are appropriate
for students with limited backgrounds in sci-
ence. A list of In Depth readings is also pro-
vided as a starting point for students who
want to study particular topics in detail. An
icon indicates articles that can be freely ac-
cessed online, and links to the articles are
provided within the Marine Biology Online
Learning Center. Students can use the online
Do-It-Yourself Summary, Key Terms flash-
cards, and Quiz Yourself resources to review
the chapter and test their understanding. The
Online Learning Center also provides links to
web sites related to each chapter. For most
chapters the Online Learning Center also pro-
vides short video clips showing interesting
habitats and animal behaviors.

Ancillaries

Instructor’'s Manual. Prepared by Peter
Castro, this helpful ancillary provides chapter
outlines and summaries, a listing of audiovi-
sual materials and software that complement
each chapter, and answers to the Critical
Thinking Questions within the text. Instruc-
tors will also find suggestions on how to pre-
sent concepts to students and how to orga-
nize materials for class presentation. The
Instructor’s Manual is available in the Online
Learning Center, within the Instructor Re-
sources, at www.mhhe.com/marinebiology
(click on this book’s cover).

Test Item File. This user-friendly comput-
erized testing software includes 470 multiple-
choice questions and answers, sorted by
chapter. The Test Item File is available as a
CD-ROM, and is available free of charge to
instructors using the textbook.

Digital Content Manager. Available on
CD-ROM, instructors will have access to the
Digital Content Manager (DCM). This mul-
timedia collection of visual resources allows
instructors to utilize artwork from the text in

multiple formats to create customized class-
room presentations, visually-based tests and
quizzes, dynamic course website content, or
attrative printed support materials. The digi-
tal assets on this cross-platform CD-ROM are
grouped by chapter within easy-to-use fold-
ers. On the CD-ROM version of the Digital
Content Manager, instructors will have access
to video segments from Scripps Institution of
Oceanography, grouped by chapter to go
with the fifth edition of this text.

Transparencies. A set of 75 full-color
overhead transparencies of key illustrations
from the text is available to instructors.

Marine Biology Online Learning Center.
This text-specific website allows students and
instructors from all over the world to com-
municate. Instructors can create a more inter-
active course with the integration of this site,

and students will find many tools to help*

them improve their grades and learn that ma-
rine biology can be fun. Check out the On-
line Learning Center for this text at
www.mhhe.com/marinebiology (just click on
this book’s cover).

-

Laboratory Exercises. A collection of
eight laboratories and field investigations in
marine biology have been specially written to
be used in conjunction with the Fifth Edition
of Marine Biology. It is ideal for a one-quarter
or a one-semester course. Each of the exer-
cises includes review questions that integrate
information learned in the laboratory or field
with material covered by the text. The exer-
cises are available as part of the Marine Biol-
ogy Online Learning Center for this text at
www.mhhe.com/marinebiology.
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0OB) False
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MARINE BIOLOGY IS THE SCIENTIFIC
study of the organisms that live in the sea.
The ocean is a vast realm that contains many
strange and wonderful creatures. It is often
the beauty, mystery, and variety of life in the
sea that attracts students to a course in ma-
rine biology. Even professional marine

gists feel a sense of adventure and wonder in
their studies.

There are also many practical reasons to
study marine biology. Marine life represents a
vast source of human wealth. It provides
food, medicines, and raw materials, offers
recreation to millions, and supports tourism
all over the world. On the other hand, marine
organisms can cause problems. For example,
some organisms harm humans directly by
causing disease or attacking people. Others
harm us indirectly by injuring or killing other
marine organisms that we value for food or
other purposes. Some marine organisms
erode piers, walls, and other structures we
build in the ocean, foul ship bottoms, and
clog pipes.

At a much more fundamental level, ma-
rine life helps determine the very nature of
our planet. Marine organisms produce much
of the oxygen we breathe and help regulate
the earth’s climate. Our shorelines are shaped
and protected by marine life, at least in part,
and some marine organisms even help create
new land. In economic terms, it has been es-
timated that the ocean’s living systems are
worth more than $20 trillion a year.

To make both full and wise use of the sea’s
living resources, to solve the problems ma-
rine organisms create, and to predict the ef-
fects of human activities on the life of the sea,
we must learn all we can about marine life. In
addition, marine organisms provide clues to
the earth’s past, the history of life, and even
our own bodies that we must learn to under-
stand. This is the challenge, the adventure, of
marine biology.

The Science
of Marine Biology

Marine biology is not really a separate science
but rather the more general science of biology
applied to the sea. Nearly all the disciplines
of biology are represented in marine biology.
There are marine biologists who study the
basic chemistry of living things, for example.




