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KEY TOPIC ICON

The distinctive Key Topic icon appears next to major topic headings to indicate that
additional material is available through the OceanLink web site. OceanLink directs
you to other sites that enhance and reinforce the material presented in the text.
Soon you will be connected to a wealth of additional current and reliable

information on the Web.

* The Key Topic icon identifies key topic
headings that are matched to WWW
sites you can visit through OceanlLink.

* Select the appropriate chapter and
page number that corresponds with
the Key Topic icon.

Brief descriptions on Jones and
Bartlett’s OceanlLink site place the
links in context.

1. Vertical zonation 13 a umversal charactenstic of rocky shores that are affected by a significant thde. Also, they are
readily accessible for iewng at low tide when this communaty 15 exposed to arr. The Rocky Shores web site allows
you to learn more about the principal mhabitants of rocky shore communities and ther bfe habits, as well as the
nature of the ntense compettion for hving space m this mtertidal zone.

-

Go to the Rocky Shores web site

ROCKY SHORES ]

With a click of the mouse,
OceanLink takes you to the best
and most current sites on the VWeb.

Photograph by Raymond Sced

In the study of comumunity structure, larval recruitment, and physiology, rocky shores
have proven to be the most versatile habitats, owing to their accessibility to observation

and to the strong physiological gradient, ranging from fully marine to terrestrial habitats.

effects cause vertical gradients in the importance of, for example, predation. Many
carnivores can enly move about and seize prey when covered with water, which limits the

time that intense predation can occur In the high intertidal.

Our understanding of these environments has been informed especially by fleld

experiments. Removal or addition of hypothetical predators and prey has been crudal in
| understanding ecological interactions. The experiments performed by Joseph Connell

| and Robert T. Paine and their followers set the standard for ecological field work both in
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SCIENCE BOX ICONS

B

The distinctive Science Box icons appear in selected boxes to indicate that Jones
and Bartlett’s OceanLink is connected to web sites picked by the author for their
additional coverage of the topic and their examples of science in use.

* The OceanLink Science Box icon
identifies science topics that are
matched to WWW sites you can
visit from the home page.

* Select the appropriate chapter and

page number that corresponds
with the Science Box icon.

y Science Bex: Ecology of the Giant Kelp

Brief dESCl‘iPﬁOHS on JOHES and | Your understanding of the ecological connections among kelp, sea urchins, and otters will be deepened by leamang _'
’ . . | more about the behawior and ecological requirements of the ammal membes of the giant kelp communsty. The first =
Bartlett’s OceanLink site place the B s oy e B it 5 N TR

:
i
i
links in context. § Go o Jimmy's Sea Otter Page.
|

| Go to this site about Sea Urchus

Jimmy's Sea Otter Page

OceanLink takes you to sites
offering valuable extra information

and/or the latest research news.

Hi there! You've come to the one stop otter shop. Here you can find
collection of pictures, mformation on sea otters, and links to many other sea

If you are interested in reading about sea otters, I've wrilten an mity s diwction
1o suz otters. T've also recently added a kst of good oy oftey bocks, for
those of you who are lookmg for more detalled mformation. If you just want
to look at pictures, I have three pages devoted to them m the cyrpure
gallery. Be sure to try the links to the other sea otter sstes for more pictures
R
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CRITICAL THINKING & MATH TUTOR ICONS
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The Critical Thinking and Math Tutor icons identify selected end-of-chapter
“Critical Thinking Essays” and “Discovering with Numbers” exercises for which
additional resources and assistance are available on the Web. Your text author, Paul
Pinet, encourages you to take your critical thinking a step further, and he patiently
guides you through the mathematical problem solving process.

Chapter 9: Marine Ecology, page 153, No. 4 Page 353, Math Problem No. 5

4 | This s a classic doubling-rate problem. If setting up the problem to solve 15 confusing to you, try thmking

fl
and crewices of a coral reef while also relymg darting moion to catch ! .
o il Ie.’ e el u wme - E | Imagne a prece of paper of a gven thickness. If you fold it n half, you now have two thicknesses If you fold
] |  those two thicknesses, you end up with four thicknesses. Another folding produces eight thicknesses. Take a
The key design elements are summanzed m Figures 9-21, 9-22, and 9-23 | | piece of paper and actually fold it three times, noting the change m thickness. Can you see the trend: 1

thickness (no folding), 2 thicknesses (1 folding), 4 thicknesses (2 foldngs), 8 thicknesses (3 foldings), cach

G

ToP  Web Research Tip: Another usefid approach is to examine the body

| | foldng doubles the thickness of the paper What thickness would five foldngs give you? For problem 5, we
shapes and caudal fins of several fish species that mhabet coral reefs and | start off with 10 diatom cells m a liter of waters Ofie doubiing of the diatom population the first day yelds 20
compare these trass to the fishes’ behavor Examme the photos and the |  datoms (2 x 10 cells = 20 cells), another doubling on the second day yelds 40 datom'cells (2 x 20 cells =
accompanymg text for all the fish species shown on the web st below, and 2 | 40 cells) Notice the tread 10 cells, 20 cells, 40 cells. Now you should be able to calculate the
see whether you can 'prate’ some demgn ideas and mcorporate them mto conceatration of diatoms m the ier of water after a five-day bloom, f the diatoms are doubling thex
e L = S P e N T T,
Here is the web site that will help you get started with this Essay
Dothe  The Se Times C eature
Hesearch
You may wash to utlize a search emgine to find even more mformation on
thas topic.
of the topic and all answers should be backed up with references to the MidaSREL a S LI
Cometract o oooreh vou have dove to formmiate your mswer Math Tutor gently guides you through
Yous imstructos should indicate  you are to wrie your report and print # out mathematical problem solving
or f you have the option of sending your asmgnment via e-maid .
e | process with clues, but no answers.
= Topic is placed in clearer context; L

direct links and a search engine

facilitate Doing the Research;
and clear guidance is offered for
Constructing Your Answer.

c
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Oceanlink
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his book deals with the workings of the

ocean, the dynamic processes that aftect its

water, sea floor, and abundant life forms. The
approach used 1s a broad one, relying on basic con-
cepts to explain the ocean’s many mysteries. Any-
body—whether sailor, surfer, beachcomber, or
student—can learn about the processes and crea-
tures of the oceans by reading this visually exciting
book. No background in science is required to
grasp the many important ideas that are relevant to
the working ot the oceans. Wherever appropriate,
the underlying science 1s first explained clearly, and
only then 1s 1t used to account for ocean processes.
These overarching scientific concepts are summa-
rized conveniently as “Key Concepts” at the end of
every chapter. In order to help those unfamiliar
with the practice of science, Chapter 1 provides an
explanation of how scientists reason and draw con-
clusions about the natural world. In the glossary,
important words are clearly defined and are accom-
panied by page numbers which refer you to the
critical section of the book where the term in ques-
tion was first introduced.

The figures and their accompanying captions do
not merely illustrate, but also supplement the written
text. The drawings have been beautifully and accu-
rately rendered by a team of talented artists and 1llus-
trators in order to present in visual form ideas that
are at times necessarily abstract. They should be stud-
ied caretully before advancing to the next section of
the chapter, because they help provide concreteness
to the 1deas discussed. It has been the author’s expe-
rience that those students who truly understand the
“ins and outs” of the illustrations tend to have a solid

grasp of the chapters’ main concepts. This will take a
bit of time, but it 1s time well invested.

Web Enhancement

Invitation to Oceanography: Web Enhanced Edition
provides you with web-integrated activities and
direct links to World Wide Web resources. The start-
ing point 1s OceanLink, Jones and Bartlett’s own
extensive oceanography home page. Students reach
the OceanLink home page by entering the URL
http://www.jbpub.com/oceanlink into a World

Wide Web browser such as Netscape Navigator or
Microsoft Internet Explorer.

The distinctive OceanLink Key Topics icon in the
text 1dentifies topics that are matched to useful
WWW sites you can visit through OceanLink. Brief
introductions place the link in context before you
connect to the site. Jones and Bartlett constantly
monitors the links to ensure that there will always
be a working and appropriate site on-line.

The Science Boxes icon appears in the featured
boxes. OceanLink 1s connected to web sites that pro-
vide additional coverage of the topic in the box and
examples of science in use.

The OceanLink Critical Thinking icon next to
selected end-of-chapter “Critical Thinking Essays”
directs you to OceanLink, where useful links and
additional help, including tips for researching your
essay on the web, are available. The same 1s true for
the “Discovering with Numbers” activities in the
book. When you see a Math Tutor icon, it means
that OceanLink’s Math Tutor can help you work
through the problem with clues, but it will not

PREFACE XV



provide answers. In addition, OceanLink has an on-
line glossary with key figures from the book.

End of Chapter Features

Each chapter concludes with a series of questions
arranged into three groupings. The first set, the
Review Questions, are just that. They address the
main notions developed in the chapter.The second
set, the Critical Thinking Essays, require more
thought, because you must synthesize ideas, some-
times drawing from concepts developed in previous
chapters. In other words, verbatim answers might
not be found anywhere in the book. However, you
can develop an answer by thinking deeply about the
question posed and applying common sense and
logic to the information provided in the book.The
final set of questions, Discovering with Numbers,
deals with making straightforward calculations
about ocean processes. They rely on basic mathe-
matics, the kind that any high-school graduate has
mastered. In order to assist you, math boxes that
teach the art of computation are included in each
chapter. Each box deals with a basic mathematical
concept and provides a step-by-step solution to a
specific problem.The trick to answering math ques-
tions 1s to understand conceptually what it is you
are trying to solve. These math boxes will help you
upgrade your math skills and develop self-assurance
about reasoning with numbers. With the proper
learning attitude, the math problems actually
become fun to solve and provide special kinds of
insights into ocean processes that only numerical
calculations reveal.

Featured boxes abound in all of the chapters.
They consist of four types, based on the principal
subfields of oceanography: biology, chemistry, geolo-
gy, and physics. Each 1s identified as such by a colorful
and distinctive logo placed near the title of the box.
The featured boxes serve several purposes. Some
review common research techniques employed by
oceanographers to investigate the seas. A number of
them flesh out a concept merely outlined in the text.
Others spotlight case histories whereby the oceanog-

X V| PREFACE
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MATH BOX

CHEMISTRY BOX

raphy of a specific place 1s presented in concrete
terms from the standpoint of an idea introduced in
the text. Finally, a few featured boxes review a con-
cept that is simply interesting in and of itself, and that
otherwise could not be integrated easily into the
main text of the chapter. They are like eating dessert
after finishing the main course of a meal. Enjoy them!
Here 1s a list of each box in the book and where they
appear 1in their respective chapters.

m CHAPTER I|:
THE SCIENTIFIC PROCESS—PHYSICS BOX | 6
UNDERWATER DIVING—PHYSICS BOX 2|
EARTH SYSTEMS EDUCATION—PHYSICS BOX 24
CONVERSIONS—MATH 26

m CHAPTER 2:

PROBING THE SEA FLOOR—GEOLOGY 45
THE SAN ANDREAS FAULT—GEOLOGY 62
THE RED SEA—GEOLOGY 68
POWERS OF TEN—MATH 70
SEA-FLOOR SPREADING—MATH 71

m CHAPTER 3:
PROBING THE SEA FLOOR—GEOLOGY 80
THE 1929 GRAND BANKS EARTHQUAKE—GEOLOGY 88
THE DRYING UP OF THE MEDITERRANEAN SEA -
GEOLOGY 106
SEDIMENTATION RATES—MATH |12

m CHAPTER 4:

PARTS PER THOUSAND—MATH 127
CHEMICAL TECHNIQUES—CHEMISTRY 128
DESALINATION—CHEMISTRY 149
OTHER PHYSICAL PROPERTIES OF WATER—
CHEMISTRY 5%
THE SEA-SURFACE MICROLAYER—CHEMISTRY 161
ORDER OF MAGNITUDE—MATH | 64




CHAPTER 5:
CURRENT MEASURING TECHNIQUES—PHYSICS 180
COUNTERCURRENTS AND UNDERCURRENTS—

PHYSICS 193
UNDERWATER WEATHER AND WATERFALLS—

PHYSICS 204
VOLUME TRANSPORT—MATH 212
CHAPTER 6:

WAVE MEASURING TECHNIQUES—PHYSICS 220
TINY WAVES AND GIANT WAVES—PHYSICS 233
WAVE CELERITY—MATH 242
CHAPTER 7:

CURRENTS THROUGH TIDAL INLETS—PHYSICS 258
TIDAL RHYTHMS IN ORGANISMS—BIOLOGY 266
TIDE CELERITY—MATH 269
DEPTH OF THE BAY OF FUNDY—MATH 270
CHAPTER 8:

CAPE COD, MASSACHUSETTS—GEOLOGY 282
PADRE ISLAND, TEXAS—GEOLOGY 286
SAN DIEGO, CALIFORNIA—GEOLOGY 290
CHESAPEAKE BAY—BIOLOGY 298
OCEAN CITY AND ASSATEAGUE ISLAND, MARYLAND—

GEOLOGY 306
SAND BUDGET STUDY-—MATH 308
CHAPTER 9:

SAMPLING THE BIOTA—BIOLOGY 326
MANATEES—BIOLOGY 329
KILLER WHALES—BIOLOGY 340
ECOLOGY OF GIANT KELP COMMUNITY—BIOLOGY 346
GRAPHS—MATH 350
CHAPTER 10:

LARGE SHARKS—BIOLOGY 364
VOLCANIC VENT COMMUNITIES—BIOLOGY 368
SATELLITE OCEANOGRAPHY —BIOLOGY 378
MIGRANTS—BIOLOGY 384
WHAT CAUSES EL NINO?—PHYSICS 392
DOUBLING RATES—MATH 394
CHAPTER | |:

SALT-MARSH EVOLUTION—GEOLOGY 407
PENGUINS—BIOLOGY 42 |
BOTTOM FEEDING BY WHALES—BIOLOGY 424
SARGASSUM GULFWEED—BIOLOGY 427
SQUIDS—BIOLOGY 429
RESIDENCE TIME—MATH 434
CHAPTER 12:

THE TORREY CANYON DISASTER—BIOLOGY 448
BIOREMEDIATION—BIOLOGY 454
THE EXXON VALDEZ OIL SPILL—BIOLOGY 457
STEADY STATE—MATH 467

Two chapters—"Coastal Processes” (Chapter 8)
and “The Human Presence in the Ocean” (Chapter
12)—are particularly noteworthy. They deal with the

despoilment of the Earth’s precious marine environ-
ments. We are just beginning to sense the gravity of
our collective impact on the oceans in general and
on the shorelines in particular. Many of these coastal
ecosystems—beaches, dunes, estuaries, salt marshes,
mangrove swamps, lagoons, coral reefs—are being
stressed well beyond their resiliency to absorb the
damaging effect of our careless and abusive habits.
However, the future looks promising, since more
and more people are becoming ardent environmen-
talists, wanting to reverse the polluted and damaged
state of the ocean’s many habitats. In fact, there is a
great deal that you can personally do. Some of these
activities are discussed in the final chapter of the
book. Our collective individual actions have caused
these massive, far-reaching problems; our collective
individual actions can undo them as well.

Chapter 5—"“Ocean Circulation” begins with a
compact summary of climate processes and their
effect on the movement of water in the ocean.Then,
after describing ocean circulation, the chapter con-
cludes with an up-to-date assessment of the likeli-
hood of global warming in the future. This chapter is
particularly important because it shows how inter-
connected the flow of air in the atmosphere and the
flow of water in the oceans are, and how susceptible
each 1s to human-induced activity.

A reading list 1s provided at the end of each
chapter that includes both classical, but still relevant,
references and more recent writings on the ocean’s
dynamic processes and diverse habitats. Some are
books; most are articles. They should prove valuable
for delving deeper into an area of oceanography that
intrigues you and for writing term papers. Also, the
appendices at the end of the book provide impor-
tant ancillary material, including conversion factors,
a geologic time chart, and map-reading techniques.

[t 15 the author’s hope that this book conveys his
deep respect for Earth, especially its watery realm,
and 1nspires the same 1in its readers. Perhaps a few,
like the author, will even devote their lives to
studying, protecting, and teaching about the
oceans, increasingly enamored of their beauty,
fragility, and complexity.

PREFACE
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