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Preface

The beauty, mystery, and power of the sea
fascinate people all over the world, includ-
ing; of course, students enrolled in under-
graduate marine biology courses. For many
students taking marine biology is the natu-
ral expression of an interest in marine life
that began by visiting the shore, scuba div-
ing, recreational fishing, aquarium keeping,
or viewing one of the many superb televi-
sion documentaries about the ocean. Many
students are also concerned about the in-
creasing impacts of humans on marine
ecosystems. Marine Biology, Sixth Edi-
tion, was written to reinforce and enhance
our readers’ enchantment with marine life
while providing a rigorous introduction to
the science of marine biology.

Marine Biology is used by high school,
undergraduate, graduate, and adult educa-
tion students, and by interested laypersons
not enrolled in formal courses. We are gra-
tified that even some professional marine
biologists find the book useful. While
keeping this range of users in mind, we
have written the text primarily to meet the
needs of lower-division, non-science ma-
jors at colleges and universities. For many
of these students, marine biology will be
their only tertiary science course, often
taken to satisfy a general education require-
ment. We have therefore been careful to
provide solid basic science coverage includ-
ing some principles of the scientific
method, the physical sciences, and basic bi-
ology. Our 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 rele-
vance of the physical sciences to biology
and makes all sciences less intimidating. To
this end, we use an informal writing style
that emphasizes an understanding of con-
cepts over rigorous detail and terminology.

We recognize that general science con-
tent is not a requirement for all marine

biology courses, either because the course is
not intended to satisfy general education
requirements or because students already
have a background in science. To balance
the needs of instructors teaching courses
with and without prerequisites in biology
or other sciences, we have designed the
book to provide as much flexibility as pos-
sible in the use of the basic science mate-
rial, the order in which topics are
presented, and overall emphasis and ap-
proach. We have tried to meet the needs
and expectations of a wide variety of stu-
dents, from the scuba diving philosophy
major to the biology major considering a
career in marine science. We hope a variety
of readers other than university students
also find the book useful and enjoyable.

Four major themes run through Marine
Biology. One is the abovementioned cover-
age of basic science applied to the marine
environment. Another is an emphasis on
the organisms themselves, and their vast
diversity not only in taxonomic terms but
also in structure, function, and ecology. A
third theme is an ecosystem approach that
integrates this organismal diversity with
the challenges imposed by the surrounding
environment, both physical and biological.
A final theme that, for better or worse, be-
comes increasingly relevant with each pass-
ing year is the interaction of humans with
the marine environment.

Marine Biology, Sixth Edition, adopts a
global perspective to emphasize that the
world’s oceans and seas are an integrated sys-
tem 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 deliberate inclu-
sion of examples from many different regions
and ecosystems so that as many students as
possible, not just in North America but
around the world, will find something rele-
vant 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.

Changes in the Sixth Edition

We have introduced a new feature to the
sixth edition of Marine Biology: each chap-
ter includes an Eye on Science box; a
vignette of a particular piece of ongoing or
planned research. Rather than simply pre-
senting factual information and summariz-
ing results, the emphasis is on giving
students a glimpse of what scientists actu-
ally do—the questions being asked, their
significance, and how a scientist or research
team has set about answering them. We
hope this helps science seem less remote
and gives students better insight into the
daily process of scientific enquiry.

As in previous editions we have updated
the text throughout to reflect recent events,
new research, and changes in perspective,
and to include information requested by re-
viewers. A few examples of such revisions
or additions are:

e Larger, more attractive, and more de-
tailed maps of the sea floor and the ma-
jor coastal habitats of North America,
now as an end-piece foldout

A description of the importance of the
United States Exploring Expedition
(the Wilkes Expedition), which pre-
dated the Challenger expedition, to the
history of marine biology

e A rewritten “Waves That Kill” boxed
reading with in-depth coverage of the De-
cember 2004 tsunami in the Indian Ocean

 Updated coverage of the origin of chloro-
plasts by endosymbiosis

e Thorough revision of Table 5.1 on
prokaryote metabolism to make it simpler,
less imposing, and easier to understand
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* New cladograms depicting phylogenetic
relationships within both the inverte-
brates and the vertebrates

» An expanded Figure 9.18 showing vari-
ous whale species

* A new boxed reading on deep-water coral
communities and human impacts on them

» New findings about the benefits to hosts
in the anemone-anemonefish symbiosis

» Additional information about trophic
cascades

» Coverage on the effects of Hurricane
Katrina

In addition to these and many other
changes we have as usual updated facts and
figures, corrected errors, and reorganized
some sections to improve balance and logic
flow. In every edition we seek to improve
the illustrations and photographs, and in
the sixth edition we have adopted a more
colorful and open interior design that we
think will better engage students and rein-
force their fascination with marine life.

Organization

Marine Biology is organized into four
parts. Part 1 (Chapters 1 through 4) intro-
duces students to marine biology and the
basic sciences that underpin it. Chapter 1
describes the history of marine biology. It
also explains the fundamentals of the scien-
tific method. This feature emphasizes that
science is a process, an ongoing human en-
deavor. We think it critical that students
understand how and why science works,
and also that science has limitations and
that there is still much to be learned. Chap-
ters 2 and 3 are a basic introduction to ma-
rine geology, physics, and chemistry.
Marine Biology includes more information
on these subjects, and places greater stress
on their importance to understanding ma-
rine ecosystems, than other texts but we
have kept Chapters 2 and 3 as short as pos-
sible and cover many abiotic aspects of the
marine environment in the chapters where
they are most relevant to the biology. Wave
refraction, for example, is described in con-
junction with intertidal communities
(Chapter 11) and estuarine circulation is
discussed as part of the ecology of estuaries
(Chapter 12). This approach emphasizes
the importance of the physical and chemi-
cal environment to the organisms of the sea

throughout the book. At the same time, it
provides flexibility for instructors to make
best use of the material in light of general
education requirements, course prerequi-
sites, and students’ backgrounds. Chapter 4,
“Fundamentals of Biology,” briefly reviews
some essential biological concepts. In cov-
ering basic biology we have tried to balance
the needs of a spectrum of students ranging
from those with no prior university-level
instruction to those who have taken a num-
ber of biology courses. Depending on the
level of their students, instructors may
choose to cover Chapter 4 in class, assign
it as review reading, or omit it and rely on
the In-Text Glossary entries in later chap-
ters to remind students of the definitions of
key terms.

Part 2 (Chapters 5 through 9) surveys
the diversity of marine life from the per-
spective of organismal biology. As in Part 1,
we provide introductory information that
is reviewed and expanded upon in later
chapters. In discussing the various taxa we
emphasize functional morphology, ecologi-
cal and physiological adaptations, and eco-
nomic importance or other significance to
humanity. Classification and phylogeny are
not stressed, though we do present clado-
grams illustrating widely-accepted phylo-
genetic schemes for invertebrates and
vertebrates. As in the rest of the book we
have selected organisms from around the
world for illustration in photographs, line
drawings, and color paintings, but orga-
nisms from the coasts of North America
are emphasized. Organisms are referred to
by their most widely accepted common
names. One or two common or important
genera are noted in parentheses the first
time a group is mentioned in a chapter, but
we have not attempted to provide compre-
hensive lists of genera. Nomenclature fol-
lows for the most part the FAO Species
Catalog and Species Identification Guides
for groups covered by these references.

Part 3 of the book (Chapters 10 through
16) presents an ecological tour of the major
environments of the world ocean, com-
mencing with an introduction to some
fundamental principles of marine ecology
in Chapter 10. As for Chapter 4, impor-
tant concepts presented here are reviewed
elsewhere in the In-text Glossary boxes.
The remaining six chapters of Part 3 pro-
ceed from nearshore to offshore and from

shallow to deep water, describing the phys-
ical characteristics of each environment
and the adaptations and interactions of the
organisms that live there. This admittedly
arbitrary sequence follows the teaching
sequence of the greatest number of our
reviewers, but the chapters are designed so
that they can be covered in any sequence
according to instructors’ preferences and
needs. Most chapters include generalized
food webs with standardized color coding
to indicate the nature of the trophic rela-
tionships.

Finally, Part 4 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 the human experience. The section pre-
sents an up-to-date, comprehensive view of
issues and concerns shared by many stu-
dents. The chapter on resource utilization
(Chapter 17) looks not only at traditional
uses such as fisheries and mariculture, but
also at more modern aspects such as the
pharmacological use of marine natural
products and the application of genetic
engineering to mariculture. Chapter 18
discusses human-induced degradation of
the marine environment, balanced by an ex-
amination of marine conservation and habi-
tat restoration. The book closes with an
essay on the interactions between the ocean
and the human culture (Chapter 19) that
we hope will stimulate students to reflect on
the past and future significance of the world
ocean to all our lives.
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Chapters are organized into four parts and written as short,
readily absorbed units to increase instructor flexibility in select-

ing topics.

Principles of Marine Science

1 Ihe Science of Marine Biology * 2 The Sea Floor
3 Chemical and Physical Features of Seawater and the World Ocean
4 Fundamentals of Biology

Key concept summaries highlight the most
important terms and ideas presented in preced-

ing paragraphs.

adapts to its environment, that is, it evolves

Natural seloction occurs when some members
of a population survive and reproduce more

successtully than others. Evolution is the genetic

change in the population that results because
these more successtul individuals pass their
favorable characteristics on o their young.

Every population s constantly ad:
to its environment, The world is an
changing place, however, and organist
always being faced with new challe
Populations cither adapt to the chan

the environment or become extinct,

An in-text glossary briefly explains key terms and concepts from
other chapters. Chapter and page references point students to
more detailed information. The extensive glossary in the back of

the book provides complete definitions and often refers to illustra-

tions or other key terms that help explain a concept.

Xiv

The Scier

of Marine

ulations are unable to interbreed success
fully, they are said to be reproductively
isolated.

A species is a population of organisms that
share common characteristics, can breed with
each other, and are reproductively isolated from
other populations.

whaler.” “Looks just like a gray reef shark
to me,” said the author but, reassured, he
, blissfully ignoring the
“graceful whalers” that swam by, Only
later did he discover that “graceful whaler™

continued divin

was just a local name for the gray reef
shark, Carcharbinus
Fig. 8.5a)!

amblyrhynchos (see

Phylogenetics: Reconstructing Evo-
lution The goals of biological classification
include not only assigning agreed-upon
names to organisms but also grouping
them according to their relatedness. Most
people instinctively understand that a seal
is related to a sea lion, for example, or that
oysters and clams are related. They might
be hard-pressed, though, to explain exactly

what they mean by “related.” To a biologist,

Chemical and Physical

Features of Seawater

and the World Ocean

when people speak different languages. In
Spanish, spiny lobsters are called langostas,
which can also refer to grasshoppers. An
other example is the name “dolphin,”

which

pplicd not only to the lovable
relatives of whales, but to a delicious
game fish. Dolphin fish are called dorado in
Latin America and mabimabi in Hawai'i.
At the local seafood grotto this confusion

; e anAaweins T Wataniets
lutionary relationships is called

phylogenetics.
It is almost always difficult to determine
the phylogenetic relationships among or
ganisms. Very few groups have a good
record of fossils that trace their evolution
ary history. Usually the fossil record is
incomplete or nonexistent. Biologists have
o try to piece together an organism's evo
lutionary history from other evidence.
Body structure, reproduction, embryologi
cal and larval development, and behavior all
provide clues. Biologists rely increasingly on
molecular studies and, in particular, on
DNA and RNA sequences. Because evo
lution is genetic change by definition, the
study of the nucleic acids that store or
ganisms’ genetic information reveals a
great deal about evolution. Unfortunately,

Tbe Unique Nature
of Prre Water
Al et b e of shoms. vy 115 e

Fungi are multicellular, heterotrophic or-
ganisms that are neither plants nor ani-
mals, Protists are an extremely varied group
of organisms, some plant-like and some
animal-like, that includes both unicellular
eukaryotes and multicellular seaweeds, Bi-

ologists now recognize that protists are a
collection of taxa with different evolution
ary histories rather than a true kingdom,

although for convenience they are still often

grouped together under the name “protists.”

Sclontitic Theory A hypothes’s that is
‘accapted as “true” for the time being because it
has passad test after test and is supported by &
large body of evkience.

* Chapter 1,p. 18

i
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BALEEN WHALES TOOTHED WHALES
|
| 00 Spinner Dolphin
M - 240 (7.6
,é_ Fomales - 20m (851

() Common Dolphin
Males - 28 m 85 )
Fomalos -23m (751

FIGURE 9.18

et v bivean and 10othed whaws.

feedby gulping  fishes like herring and mackerel by blowing  (Fig. 9.17). This allows then to filter small snours and

included among the rorquals, filter the sediment  of squid every day, gaining weight at the  in one of the three compartments of the
up schools of fish and swarms of krill. The  curtins of bubbles around them. plankton like copepods and some krill (Fig. 9.18h), leaving characteristic pits on  mate of 1 kg (2.2 1b) an hour! stomisch. The blowhole hs one ope:

lower part of the throat expands wheu feed The right whales (Enbulacna, Caperaca;  (Table 9.1) the bottom. Most appear to feed on their The roughly 80 remaining species of  opposed to two in the baleen whale

ing, hence the distinctive accordion-like Fig. 9.18a) and the bowhead whale (Ba/- Gray whales (Eschrichring robustus) age right sides beca the baleen on this side is cetaceans are toothed whales, Their teeth are

grooves on the underside of these whales.  arna mysticetus; Fig. 9.188) feed by swim-  primasily bottom feeders. When examined, more worn. Some, however, are “left-  adapted for a diet of fish, squid, and other  Amphipods Sma cristaseans whose bodies
Krill is the most important part of the ming along the surface with their huge their stomachs contain mostly amplup«uh handed” and feed on the left sis A0 prey. They use the teeth only to catch and ore compressed from sida to ade.

rorqual diet, especially i the Southern mouths oprn.Thr\ have the largest baleen that inhabit soft bottoms (Table 9.1). week-old female kept in captivity in San hold prey, not to chew it. Food is allowed « Chapter 7, p. 137 Flgue 7.30

Hemisphere, Humpback whales often herd  plates of the whales but the finest bristles  Grays stir up the bottom with their pointed Dicgo, California, ate over 815 kg (1,8001b)  whole. As in all cetaceans, food is ground up

312 Lart Three  Structure and Function of Marine Ecosysem:

ep-Water Coral Communities

of shallow
tual cold
ais ocour in al the
0,000 1), Thoy do no!
sunlight would bo of no
AptUring 200pKaNKION With 1he:
weally grow where thefe are strong currents o bring

ritan and Scandinavia, Individual mounds gr
7300 m (1,000 1) adove the s ing muddy bo
e than § km (@ m) in damet omplos
45 km (30 mi. Whother you call them
unds and civerse commX
ovide shelier and 8 nard

@ more. The
i slope or on seamounts and other y known since

10 1,500 m (6,000 1. In some ple

7l nov Mounde or feguiary disc

o

wa Uke seamount communities versity in the

ments, they are mostly Mo , desp-water coral communities on th

50 Much because of Coml growtn as becauis ar Gircuatio ncraasingly threatened by traw! fishing. Many shakove-va

tarns that favor sediment 2 eplotad, foroing travders into deeper warer. T

hat the mounds might als and dig great gouges in e sea

chemosynthosis. have prohibited trawiing in areas of known
The largest known

eranching coral Log

tusa, ore

Effects of Hurricane Katrina, August 2005 (bottom) on barrier island
off the Louisiana coast.

Illustrations and photographs have been carefully designed and
| selected to complement and reinforce the text. The sixth edition
contains many new illustrations and photographs.

intact Lophefa pertusa mounds are home 1o Trawl damage to & Lophela mound.
many fishes and invertebrates.

Boxed Essays present interesting supplemental information on
varied subjects such as deep-water coral communities, tsunamis,
and red tides.



EYE ON SCIENCE

Ocean Observing Systems

The ceean is constantly changing, and what happens n one place often
tas fareaching nflusnces on the rest of the cosan, Unfortunately,
ressarch tools fike ships and submerines fxowdo only snapshots of 3
‘particular trme and place, and though repealed sits can give us & senss
of snapshots we s3 don't get an uninterupted picturs. Setelites pro-
Vide & mave continuous: view, but only of the very surface. To teaty
undérstand what is going on in e ocean we need an ongoing pres:

sary too
aifting instrument buoys, seafioor instrumants, ROVs and AUVs, Lnder-

tvoughout
from & ship o airplane, each flost descends 1o a depth of 2,000 m
{6,600 #), arifts: with the current for about 10 days, and surfaces o
fransmit data via satslite before sinking 10 stert & new cydle. The first
foats wers launchad in 19900 8nd some 3,000 froats Wil dot the oceans
wher! the system is Ay oparaticnal In 2006.

Most ocean observation systems sa far, however, cover only @ very
amall part of the coean, and there are other mitations, Surtace buoys
can b powared by soke paneis and transmit their dala by satalite, but
neither of thase optiona work underwatas. Subsurace instruments have
10 b reguiarly retrioved to recharge batteries and download data. Data
cah also be transmitied Undenwater by SOUNd waves bt only over ral
atively shont distances, 80 instruments that communicate by sound
must be tended by shpe or located near hydrophones connected to
shore. As ona sclentist has said, one of the big problems in studying
the ooean has been the lack of “electrical cutiets and phone Jacks on
the saaficor.”

Al thatis set 1o change. Today marine scentats amvsion large-scals
‘oosan observetories. Networks of cable wil bring power and communi-
cations 1o @ vadely of eqUipment on e sea floor and in the water
colurmn. In addition to parmanent instrumentation, thare wil b docking
stations where free-ranging can chorgs battwries and downioad

photographs and data, junction boxss where addiional rstruments can
be pugged in & new experments are designed and new technology
bacomes avallable, ad hycophonss 1o gather tata from buoys and
aven instrumants attached o animals, af augmented by shi- and
satelive-based systems.

Installation of one prototype, the Long-temm Ec Obsenvatory
{LEO-15) olf tha coast of New Jersey, commenced in 1904, Another, the
Hawai-2 Obsorvatory (H20), was establshed In 1998 when a function
box with saversl instuments was aftached 10 & decomYTissionsa Wie-
Pphone cable midway betwean Calformia and Hawal, Another example s
the Manterey Accelerated Research System (MAPS), estabishic off Mon-
terey, Cabornia, in 2005. Theee and other cbsarvatories at locasons
around the work cover relatively small areas but are 1he 1estng grounds
for much larger systems being planned. The North East Pacific Time-
Imogeatecs Lindersea Netwarked Experiments (NEPTUNE; Coservatory sims
10 estabiah  system off the west coast of Nocn Amedca from British

sysiams into & sngle Global Cosan Otsenvation System (GOOS) that wit
prowide & continuaus window an the entiee workd cosan.

Thesa ambiious plars will take decades to come 1o frution but
ocean olserving systems wil greatly improve our Lnderstanding of the
ocean and have many prectical berefits. Students and teachers
around the worid wil be able 1o learn firsthand what's going on in the
sea. Wa will have much-improved weather forecasting and bettar
warning systems for sarthquakes, tsunarmis, and storms. Ships of al
Kincis wit hava detallad, rellabie foracasts of sea canditons. Sciantsts
hopa ot only to monitor fish populations but also to predict hor
reprockuctive sucoess and food supply. These and many other bene-
1its of pcnan cbsorvatories shoukl one day save both ivas and monay,
and help humanity make wiser use of the cceens—and indesd e
entire ocsen pianet

For mare information, axplo the inks provided on the Marine Biokogy
Onire Leaming Center

Electronic buoys released at oil

because they allow scientists to rapidly

analyze huge smounts of information.  and monitor human impa
Space technology has also aided the study

of the sea. Satellites peer down at the acean  tures like ocean

and because they are o far away can cap

abundance and kinds of organisms present,  mitters.

1 the oceans.

Much of our knowledge of large-scale fea-
erents

by this remote sensing technology,

tes drift along with the oil and are

ked by suelite to monitor the path of
the spill. These are just a few of the many
and ever-increasing applications of remote

ture the big picture, viewing broad areas of  nology wsed to study the earth and its  sensing.

e bt Sy ce (Fig. 1.14). oceans from afar. The technology is also Marine biologists today use every avail
With the sid of computers, scientists  being applied at smaller scales. For exam-  able tool in their study of the sea, cven

nation gathered by satellites  ple, satellites are wsed to track the migra (Fig.1.15).

of whales, fish, and other organisms  Information about the ocean pours in at

an ever-increasing pace. Much remains to

some decidedly low-tech

use the is

to measure the temperature of the sea  tic

urface, track ocean currents, determine the  that have been fitted with miniature trans

10

s also a science. Scient

marine biologist
looking at the world. Students of marine

biology is an adventu:

0 be sure, many television stations have

year on scientific

be learned, however, and the oceans biology need to be familiar with this ap

remain a realm of great mystery and  proachand how it affects our understanding
excitement of the natunal world, including the ocean.
We live in an age of science. Advertiser

constantly boast of new “scientific” im-

The Scientific Method provements to their products. Newspapers

y report new breakthroughs, and

including  ence teporters. Governments and private

share a certain way of  companies spend billions of dollars every

arch and science

education. Why has science come to oc
cupy a position of such prestige in our soci
ety? The answer, quite simply, is that it
works! Science has been among the most
successful of human endeavors. Modern

society would be impossible without the
knowledge and technology produced by
science. The lives of almost everyone have
been enriched by scientific advances in med-
icine, agriculture, communication, trans
portation, art, and countless other fields.

New! Eye on Science boxes reflect current scientific research and
technology in the field of marine biology. Sample topics include:
ocean observing systems, deep-ocean drilling, female mimicry in
cuttlefishes, restoration of seagrass beds, search for the giant
squid, etc.

Each chapter ends with an Interactive Exploration to be used in
conjunction with the Marine Biology Online Learning Center.
Students are encouraged to visit www.mhhe.com/castrohuber6e
for access to chapter quizzing, interactive chapter summaries, key
terms flashcards, marine biology video clips and web links to chapter-
related material.

Critical thinking questions challenge students to think more
deeply about the chapter material and also help stimulate class
discussion.

For Further Reading lists “General Interest” articles in publica-
tions such as Scientific American, Discover and National Geo-
graphic, which are appropriate for students with limited
backgrounds in science; and “In Depth” readings for students
who want to study particular topics in detail. Live links for some
of the articles may be available in the Marine Biology Online
Learning Center.

New! A foldout map at the end of text provides quick reference to
the World Ocean.

The Marine Bislogy Online Leaming Center is 2 great place to check your understanding of chapter material. Visit
.l fo mcen o eactive haprr i by s, prbplisicoarsipatloed

your knowledge with marine biology vi

Critical Thinking

1. In unusually cold winfers the northem
Black Sea sometimes freezes while the
nearby Adriatic Sea wsually doesn't cven
if it s just as cold. Freshwater runoff
gives the surfice of the Black Sea u low
salinity of about 18%a. What would you
guess about the salnity of the Adsiatic?

2. Just for the fun of it, someone in Beau-
fort, South Carolina, throws 2 message
i a battle into the sea. Some time later,
someone in Perth, on the west coust of
Austealia, finds the bottle. Referring to
Figure 3.20 and fold-out map of this
book, can you trace the path the bottle
probably took?

3. 1f you owned a seaside home and 4 bad
storm brought heavy winds and high
surf to your coastline, would you prefer
it to be during a new moon or a quarter
moon? Why?

. Most tsunamis oceur in the Pacific
Ocean, us indicated by the map in the
“Waves That Kill” bosed reading (see
p.62). How would you explain this?

=

For Further Reading

Some of the recommended reading may be
available online. Look for live links on the
Marine Biclogy Onfine Learning Center.

and web links w chapter-related material.

General Interest

Cromwell, ., 2000, Ocean circulation.
New Scientist, vol. 166,n0. 2239, 20 May,
Inside Science supplement no. 130,
pp. 1-4. A summary of what is known
about ocean curreats and current re-
search efforts to leam more.

Gonzilez, F. 1., 1999, Tsunamil Scienrific
Aeriaan, vo1. 280,00.5, May, pp. 56-65.
Detailed explanations of how tsunamis
form and behave, and & review of their
worldwide impacts.

Krajik, K., 2001. Message in a botle.
soniaz, vol. 32, 1w, 4, July, pp. 36-47. o
oceanographer studies ocean currents
by tracking the paths taken h, rubber
duckics, tennsis shoes, and other floating

objects.

Kunzig, R., 2001. The physics of .. . deep-
sca animals: They love the pressure. Dis-
cover, vol. 22, no. 8, Avgust, pp. 2627
Decp-sea onganisms foel the squeere
under the pressure of the deep.

Linn, A., 1983. Oh, what a spin we're in,
thanks to the Coriolis effect. Smithsan-
dan, vol. 13, no. 11, February, pp. 66-73.
A detailed explanation of the Coriolis
effect and a look at some of its
consequences.

Matthews, R., 1997. Wacky water. New
Scientist, vol. 154, no. 2087, 21 June,
Pp. 4043, Plain water, 0 familiar to us
all, st holds secrets.

Stuez, B., 2004, Rogue Waves. Diswver,
vol. 25, no. 7, pp. 48-55, July. Rogue
waves are almost impossible to catch in
the real ocean o 4 team of oceanogra-
phers tries to understand them in the
Iaboratory.

In Depth

Clark, P, U, N. G. Pisias, T. F. Stocker, and
A.J. Weaver, 2002, The role of the ter-
mohaline circulation in abrupt climate
change, Nature, vol. 415, no. 6874,
pp. 863-869.

, B. M. Sloyan, W, §.

E. McTaggart, 2002.
Direct measurements of upper ocean
currents and water properties across
the tropical Pacific during the 1990s.
Progress in Oceanagraphy, vol. 52, no. 1,
pp. 31-61.

Koeve, W. and H. W. Duckiow, 2001.
JGOFS synthesis and modeling: The
North Adantic Ocean. Doep Sea Rewarch
Part 11 Topical Sudies in Occanography,
vol. 48, no. 10, pp. 2141-2154.
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The Marine Biology Online Learning
Center offers a wealth of learning and
teaching aids for instructors and students

Instructors will appreciate a password-
protected Instructor’s Manual, a Power-
Point image library containing all the art
and photos for the text, laboratory exer-
cises, and more.

PREVIOUS ® NEXT

cytoskeleton

CLICK TO SEE DEFINITION

A complex framework inside cells made of protein fibers.

Your Results:

s The correct answer for each question is indicated by a V.
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Peter Castro, California State Polytechnic University
Michael E. Huber, Global Coastal Strategies

ISBN: 0072830646
Copyright year: 2007

Marine Biology covers the basics of marine biology with a global
approach, using examples from numerous regions and ecosystems
worldwide. This introductory, one-semester text is designed for non-
majors. Authors Castro and Huber have made a special effort to
include solid basic science content needed in a general education
course, including the fundamental principles of biology, the physical

sciences, and the scientific method. This science coverage is
% LearningCenter integrated with a stimulating, up-to-date overview of marine biology.

Welcome to the Online Learning Center for the sixth edition of Marine
Biology! Inside you will find materials aimed at enhancing the use of
your text: underwater marine biology videos, flashcards, case
| studies, laboratory exercises, quizzes, related web links, and much
more, Instructors, please contact your sales representative for your
passcode.

E

Students will benefit from interactive
quizzing, key terms flashcards, and web
links. Also included are underwater video
clips, featuring footage of marine animals,
their behaviors, and ecosystems.

Andient Greeks were the first accomplished marine navigators,

OA)True
/ @B )False

Charles Darwin contributed to marine biology by showing for the first time that

life exists on the deep-sea floor.
OA)True
/ @B )False

The Challenger expedition of the 1870s was the first systematic effort to gather
data and samples from oceans around the globe.

J/ ®A)True
OB)False

The first permanent marine laboratory was built in 1872 in Naples, Italy.

v/ @®A)True
OB)False

Sonar uses pulses of radio waves to probe the depths of the oceans,

DA)True
J/ @B)False
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Digital Content Manager
CD-ROM/DVD

This useful tool contains all of the illustrations,
photographs, and tables from the text for use in
multimedia presentations. Also included are
video segments from Scripps Institute of
Technology, along with additional marine
biology videoclips and photographs.

Marine Biology

6th Edition

Online Lear

Instructor’s Manual

Prepared by Peter Castro, this helpful ancillary provides chapter
outlines and summaries, a listing of audiovisuals and software, and
answers to the Critical Thinking questions within the text. In-
structors will also find suggestions on presenting concepts to stu-
dents and organizing materials for class presentation. The
Instructor’s Manual can be accessed via the password-protected
portion of the Marine Biology Online Learning Center as well as
the Instructor’s Testing & Resource CD-ROM.

T
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Marine Biology, 6¢e

Peter Castro, California State Polytechnic University
Michael E. Huber, Global Coastal Strategies

Any use of this CD-ROM and its content constitutes the user's
agreement to abide by the terms and conditions set forth in the
License Agreernent For McGraw-Hill Software

blished b

ill Higher Ed d a division of The
McGraw-Hill Companies, Inc., 1221 Avenue of the Americas, New e
York, NY, 10020. Copyright 2007 by The McGraw-Hill Companies, ,#
Inc. All rights reserved. This CD-ROM and the elements contained

on it may be displayed in a cdlassroom setting solely for use with g
Marine Biology provided such display includes a copyright notice in
the name of The McGraw-Hill Companies, Inc. No other use of this
CD-ROM and the el donitisp itted without the
prior written consent of The ill € ies, Inc., includi
but not limited to, in any network or other electronic storage or
transmission, or broadcast for distance learning.

©2007 McGraw-Hill Higher Education, a division of The McGraw-Hill Companies, Inc. All rights reserved.

Mec
Graw Higher Education

Instructor’s Testing &

Resource CD-ROM

This cross platform CD-ROM includes an In-
structor’s Manual and test bank utilizing Mc-
Graw-Hill's EZ Test software. EZ Test is a
flexible and easy-to-use electronic testing pro-
gram that allows instructors to create tests in a
wide variety of question types. Instructors may
use the test questions provided by McGraw-
Hill, add their own questions, create multiple
versions of a test, and export tests for use with
course management systems such as WebCT,
BlackBoard or PageOut. For those instructors
who prefer to work outside the test-generator
software, the Instructor’s Manual and test bank
are also available in Word and PDF formats.
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Laboratory Exercises

Ideal for a one quarter or one-semester course, this collection of
eight laboratories and field investigations in marine biology has
been specially designed for use in conjunction with the Sixth Edi-
tion of Marine Biology. Each of the exercises include review ques-
tions that integrate information learned in the laboratory or field
with material covered in the text. The exercises can be accessed via
the password-protected portion of the Marine Biology Online
Learning Center.

Transparencies

The transparency set includes 75 illustrations from the text, all en-
larged for excellent visibility in the classroom.

NEW! McGraw-Hill: Biology
Digitized Video Clips

McGraw-Hill is pleased to offer digitized bi-
ology video clips on DVD! Licensed from some
of the highest-quality science video producers in
the world, these brief segments range from
about five seconds to just under three minutes
in length and cover all areas of general biology
from cells to ecosystems. Engaging and
informative, McGraw-Hill’s digitized biology
videos will help capture students’ interest while
illustrating key biological concepts and
processes. Includes video clips on: coral reef
ecosystems, mitosis, clam locomotion, Dar-
win’s finches, plankton diversity, salt marsh
ecology, cichlid mouth brooding, sponge re-
production, and much more! ISBN-13:978-
0-07-312155-0 (ISBN-10: 0-07-312155-X)
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