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A Note to Students

Human beings have been curious about
the oceans since they first walked along
their shores. As people have learned
more about the oceans, they have come
to more fully understand and appreciate
the tremendous influence these bodies
of salt water have on our lives. The
oceans cover over 70% of Earth’s sur-
face, creating a habitat for thousands of
known species and countless others still
to be discovered. The sea contains vast
quantities of diverse natural resources in
the water and on the sea floor; some are
actively exploited today, and many more
may be recovered in the future with im-
proved technology and greater demand.
Global climate and weather are strongly
influenced by the oceans as they inter-
act with the atmosphere through the
transfer of moisture and heat energy.
The ocean basins also serve as the loca-
tion of great geological processes and
features such as earthquakes, volcanoes,
massive mountain ranges, and deep
trenches, all of which are related to the
creation and destruction of sea floor in
the process of plate tectonics.

Much of what happens in the
oceans and on the sea floor is hidden
from direct observation. Although the
Hubble Space Telescope can form images
made from light that has traveled over
10 billion trillion kilometers, we can
not see more than a few tens of meters
below the ocean’s surface even under
the most favorable conditions because
of the efficient scattering and absorp-
tion of light by seawater. Consequently,
most of what we know about the oceans
comes from indirect, or remote, meth-
ods of observation. With constantly im-
proving technology and innovative
applications of that technology, we
continue to learn more about the geo-

logical, physical, chemical, and biologi-
cal characteristics of the oceans.

Although careful scientific study
of the oceans is often difficult and chal-
lenging, it is both necessary and re-
warding. Our lives are so intimately
tied to the oceans that we benefit from
each new fact that we discover. Con-
tinued research and a better under-
standing of the oceans become
increasingly important as the popula-
tion of this planet grows ever larger.
Early in the new millennium, there is
both good news and bad news concern-
ing global population growth. The rate
of population increase has slowed with
falling birth rates, and there is some in-
dication that the human population
will level off by the end of this century.
But even if the human population does
stabilize, it will not do so before there is
an increase of several billion people
over today’s population. We clearly will
continue to face difficult environmen-
tal decisions affecting the oceans as
well as the land in the foreseeable fu-
ture. Our best chance of dealing wisely
and effectively with these challenges is
to promote more widespread under-
standing of the oceans.

Although it is critical that we
continue to train marine scientists to
study the oceans, it is no less important
for people in all walks of life to develop
a basic understanding of how the
oceans influence our lives and how our
actions influence the oceans. In study-
ing oceanography, you are preparing
yourself to be an informed global citi-
zen. It is likely that at some point in
the future you will have the opportu-
nity to voice your concern about the
health of the oceans, either directly or
through the governmental process.
Your interest in and study of oceanogra-

phy will help you participate in future
discussions and decision-making
processes in an informed manner.

The Online Learning Center at
n/sverdrup provides you
with links to Internet addresses applica-
ble to this text. To expand your knowl-
edge of oceanography, there are
Internet exercises for many of these
sites. The exercises are found within
the Online Learning Center.

.1
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A Note to Instructors

A major objective of this text is to
stimulate student interest and curiosity
by blending contemporary information
and research with basic principles in
order to present an integrated introduc-
tion to the many and varied sciences
used in the study of the oceans. To do
so, we have extensively reviewed and
rewritten material from the sixth edi-
tion to produce this new seventh edi-
tion. In the face of constant and rapid
change, we have added new material for
both content and interest.

We realize that the students who
will use this book come from diverse
backgrounds and that for many of them
this will be an elective course. The con-
tent continues to be reasonably rigor-
ous, but we have chosen to use simple
algebra rather than advanced mathe-
matics. For instance, we use centrifugal
force to explain tidal principles because
most students do not have much back-
ground in vectors. More emphasis is
placed on the physical and geological
aspects of oceanography than on the
chemical and geochemical because the
latter two disciplines require more
background knowledge.

An ecological approach and de-
scriptive material are used to integrate
the biological chapters with the other



subject fields. We strive to emphasize
oceanography as a cohesive and united
whole rather than a collection of sub-
jects gathered under a marine umbrella.

In order to understand the constant
barrage of information concerning our
planet and marine issues, students must
have a basic command of the language of
marine science in addition to mastering
processes and principles. For this reason
we maintain an emphasis on critical vo-
cabulary. All terms are defined in the
text; terms that are particularly important
are printed in boldface. A list of impor-
tant terms is at the end of each chapter,
and a glossary is included at the end of
the book. The Online Learning Center
for this text also hosts flashcards of key
terms for student study.

Summaries at the ends of chapters
provide quick reviews of key concepts.
Study Problems are included in many
chapters, and Study Questions are at the
end of each chapter. The Study Ques-
tions are not intended merely for review,
but also to challenge students to think
further about the lessons of the chapter.

This book may be used in a one-
quarter or one-semester course. Because
the experience and emphasis of faculty
using this book will differ, it is expected
that each instructor will emphasize and
elaborate on some topic at the expense
of other topics. We continue to make
each chapter stand as independently as
possible and encourage instructors to use
the chapters in the order that best suits
their purposes. Cross-references from one
chapter to another indicate discussion of
topics elsewhere in the text. Faculty
wishing to expand quantitative material
are encouraged to make use of Appen-
dix C, Equations and Quantitative Rela-
tionships. The answers to the Study
Questions and Study Problems from the
text appear in the Instructor’s Manual, in
the password-protected instructor’s area
of the Online Learning Center.

Changes to the Seventh
Edition
In addition to revisions and updates

based on current research, this edition
contains several new boxed readings.

The Prologue contains a significant
amount of new material on the history of
oceanography, as well as an updated sec-
tion on oceanography of the recent past,
present, and future. In Chapter 1 we
have added material on the origin of the
oceans. The discussions of the Earth’s in-
ternal structure and the characteristics of
plates and their boundaries have been
extensively rewritten and many new fig-
ures have been added. Chapter 3’s sec-
tion describing the characteristics of
marine sediments has been completely
revised and a new section on gas hy-
drates has been added. Chapter 4 con-
tains a new section on temperature and
heat before the discussion of changes in
the state of water. Chapter 5 now begins
with a new section explaining the pH
scale and the pH of seawater in order to
form a foundation for the discussion of
seawater chemistry. Both chapters 6 and
7 have been renamed and reorganized.
Chapter 6 is now named “The Structure
and Motion of the Atmosphere.” It fo-
cuses exclusively on atmospheric
processes critical to understanding the
links between the atmosphere and the
oceans. Chapter 7 is now entitled “Cir-
culation and Ocean Structure.” This
chapter includes a revised discussion of
ocean density structure and covers topics
in vertical circulation, upwelling and
downwelling, the layering of the oceans,
and updated material on sampling meth-
ods and measurement techniques. Chap-
ter 7 also contains two new special
interest boxes covering topics including
Arctic Ocean studies (with a discussion
of the North Pole Environmental Obser-
vatory) and Ocean Gliders (independ-
ent, unmanned vehicles). The material
in Chapter 8 has been reordered and sec-
tions on convergence and divergence
have been rewritten to enhance clarity.
Chapter 9’s discussion of Energy from
Waves and the boxed reading on
Tsunami Warning Systems have both
been updated. The tide and current ta-
bles have been updated in Chapter 10.
The discussions of beach dynamics and
beach types in Chapter 11 have been re-
ordered for clarity and the material pre-
viously in chapter 12 on modifying
beaches has been moved to chapter 11.
In Chapter 12 the discussion of the Gulf
of Mexico dead zone has been updated

and rewritten. Chapter 13 has a new
name, “The Living Ocean”; the chapter
has been completely revised and rewrit-
ten. More emphasis is given to ocean bi-
ology and there are new sections on
ocean biology, groups of organisms and
environmental zones. Symbiotic rela-
tionships are now included. Chapter 14
has new information on the roles of ni-
trogen and iron, and a new boxed read-
ing on CalCOFI—Fifty Years of Coastal
Ocean Data. Chapter 15 contains up-
dated material on the krill harvest, more
information on the microbial loop, and
the section on harmful algal blooms has
been revised and updated. There is re-
vised and expanded information on
skates and rays, marine mammal popula-
tions, and bathypelagic organisms in
Chapter 16. In addition, all fisheries data
has been updated. Chapter 17 has new
and revised information on corals includ-
ing bleaching, predation, disease, and
the effect of human activities. New in-
formation on Lost City vents is included
in Chapter 17 and all harvesting data has
been updated. In addition, Chapter 17
hosts a new boxed reading on ice worms
living on deep-sea ice hydrates.

Instructor Supplements

McGraw-Hill offers a variety of supple-
ments to assist the instructor with both
preparation and classroom presentation.
Materials that are specific to this text
and that are available to the instructor
include a text-specific Online Learning
Center (OLC), which contains many
useful tools for the instructor. The
OLC for this text can be found at
www.mhhe.com/sverdrup. Within the
password-protected Online Learning
Center instructors will find the Instruc-
tor’s Manual, which includes answers
to the Study Questions and Study Prob-
lems from the text, as well as suggested
test questions and answers for each
chapter of the text. Also available
through the Online Learning Center
and on CD-ROM, instructors will have
access to the Digital Content Manager
(DCM). This multimedia collection of
visual resources allows instructors to
utilize artwork from the text in multiple

Instructor Supplements  xi



formats to create customized classroom
presentations, visually-based tests and
quizzes, dynamic course website con-
tent, or attractive printed support mate-
rials. The digital assets on this
cross-platform CD-ROM are grouped
by chapter within easy-to-use folders.
On the CD-ROM version of the Digital
Content Manager, instructors will have
access to 34 video segments from
Scripps Institution of Oceanography,
grouped by chapter to go with the sev-
enth edition of this text. The Scripps
video segments are also available on
videotape.

PowerWeb: Oceanography can
be accessed through the Online Learn-
ing Center, and contains articles from
current magazines, newspapers, and
journals; weekly updates of current is-
sues; web research tips; an online li-
brary of updated research links to help
you find the right information; up-to-
the-minute headlines from around the
world including course-specific and
general news; and online quizzing and
assessments for your students.

A Brownstone testing system is
available on a cross-platform CD-ROM
to generate tests; and a set of overhead
transparencies contains over 200 fig-
ures from the text.

For those schools offering a labo-
ratory with their oceanography course,
McGraw-Hill offers an exceptional lab
manual entitled “Investigating the
Ocean” by R. Leckie and R. Yuretich of
University of Massachusetts-Amherst.
Additional earth science supplements
offered by McGraw-Hill which are ap-
propriate for this course include the
Journey Through Geology CD-ROM by
the Smithsonian Institution; the JLM
Visuals Physical Geology Photo CD;

and a geoscience videotape library.

xii PREFACE

Contact your McGraw-Hill sales repre-
sentative for details on these products.

Student Supplements

The Internet makes oceanographic in-
formation and data available to re-
searchers and it also provides images
and information in many forms to in-
structors and students. Public agencies
and museums, universities and research
laboratories, satellites and oceano-
graphic projects, interest groups and in-
dividuals all over the planet provide
information that can be publicly ac-
cessed. The text-specific Online Learn-
ing Center (OLC) website, which can
be fOund at \\'\\‘\\'.l“hhL‘.L'U[n/\\'L‘l'L]I'UP,
provides chapter-sorted links to many
websites that contain information perti-
nent to each chapter’s content. In addi-
tion, web links are provided within the
OLC for further information on many
boxed readings and figures within each
chapter. Wherever you see this icon
web @D ik in your textbook, you will
find associated web links for the indi-
cated figure or boxed reading on the
OLC. The OLC also hosts a complete
Student Study Guide, chapter quizzing,
key term flashcards, and Internet exer-
cises to help with chapter study. In addi-
tion, PowerWeb is a great way to get
information you need quickly and easily!
Through the OLC, students can access
PowerWeb: Oceanography, which con-
tains articles from current magazines,
newspapers, and journals; weekly up-
dates of current issues; web research tips;
an online library of updated research
links to help you find the right informa-
tion; up-to-the-minute headlines from
around the world including course-
specific and general news; online quizzing
and assessments to measure your under-
standing of course material, and more!
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A variety of tools within this
textbook have been designed
to assist with chapter review
and critical analysis of
chapter topics.

cting
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farming, including methods for building the pond, sel
the stock, and harvesting it. In China, Southeast A
Japan, fish farming in fresh and salt water has conginued to
the present as a practical and productive method/ of raising
large quantities of fish such as carp, milkfish, Zilapia, and
catfish. Most of these farms are family-run, lppor-intensive
operations. Fish farmers may practice monoculture, raising
fish as a single species, or polyculture, raising more than one
species as surface feeders and bottom feeders to make use of
the total volume of the pond.

In the United States fish farming produces only 2%
of fishery products, but that amount includes 50% of the
catfish and nearly all the trout. To be successful and prof-
itable in the United States, fish farming requires a proven
market and large-scale operation combined with the devel-
opment of technology to reduce costs. The species chosen
for farming must reproduce easily in captivity, have juve-

nile forms that survive well under controlled conditions,
: e i 11 el 1 bl £ | Loenl,

CHAPTER SUMMARY

L

KEY TERMS

Key Terms are all boldfaced and defined within the
text, and end-of-chapter key terms listings indicate
the most important terms and their locations within

each chapter.

After the area has heen restructured it must be monitored,
and changes must be made as needed to maintain the de-
sired environment. If these preproject and postproject stud-
ies are not made and followed by necessary corrections, the
mitigation effort will not succeed. Mitigation may preserve
some habitats and species, but it only approximates a lost
environment; it cannot duplicate it.

Pressures to develop deep-sea areas for energy and
mining projects are likely to increase in the future. Tropical
OTEC plants (ocean thermal energy conversion; see chap-
ter 7) will bring cold, nutrient-rich water to the sea surface,
changing the surface productivity and potentially interfer-
ing with the survival of tropical species. Manganese nodule
mining (see chapter 3) will increase deep-sea turbidity,
changing the environment for bottom organisms in mined
areas. How mitigation might be undertaken in the open
ocean has not yet been considered, but the threat of deep-
sea exploitation is already causing some scientists to call for
the setting aside of marine reserves in the open ocean.

Summary

Marine ecology is the study of interactions between marine or-
ganisms and their environment. The organisms of the sea are
classified for identification and relationship. Marine organisms
are commonly divided into plankton, nekton, and benthos.
All organisms are classified for identification and relationship
into kingdoms and a new system that includes domains.

The marine environment is subdivided into zones. The
major environments are the benthic and pelagic zones; there
are numerous subdivisions of each of these zones.

Organisms living in the sea are buoyed and supported by
the seawater. Adaptations for sraying afloat include low-
density body fluids, gas bubbles, gas-filled floats, swim bladders,
oil and fat storage, and extended surface areas and appendages.
Most marine fish lose water by osmosis. They drink

The Summary in each chapter
provides a quick review of key
concepts.

xiv GUIDED TOUR

=

continually and excrete salt to prevent dehydration. Sharks
have the same concentration of salt in their tissues as there
is in seawater. They therefore do not have a water-loss prob-
lem. Salinity is a barrier to some organisms; others can adapt
to large salinity changes.

Temperature affects density, viscosity, and the water’s
buoyancy, as well as the stability of the water column. The
body temperature and metabolism of all marine organisms,
except for birds and mammals, are controlled by the sea rem-
perature. Some fish conserve heat in their body muscles and
elevate the temperature in these muscles. Temperatures at
depth are uniform; sea surface temperatures change with lar-
itude and seasons.

Changes in pressure affect organisms that have gas-
filled cavities. Marine mammals have a unique ability to un-
dergo large pressure changes due to their physiology and
body chemistry. The swim bladders of fish are affected by
pressure changes, and the fish must change depth slowly.

The carbon dioxide—oxygen balance in the oceans in-
fluences the distribution of all organisms. The availability of

370 THE LIVING OCEAN

nutrients yind light limits plant populations. The depth of
light penetration in the oceans is controlled by the angle of
the Sun’s ryys, the properties of the water, and the material
in the wateY. Light limits plant life, but nutrients are also re-
quired. Somle arganisms produce chemical light, known as
bioluminescknce. Animals use color for concealment and
camouflage
and bitter rasie

Winds, \rides, and currents mix the water. Moving

nd also to warn predators of poisonous flesh

hold plants in the surface layers. Downwellings are regions
of low plant growith.

Different substrates provide food, shelter, and attach-
ment for differenq groups of organisms. Some live atrached
to the surface, some move across it, some burrow into the sea
floor, and some mddify the sea floor, providing habirats for
others. Some animiylls are carnivores; others are herbivores.
Large numbers of oean organisms live in close associations
such as commensaliym, mutualism, and parasitism. Barriers
include water properties, light inten-

for marine organism!
sity, zones of convergence and divergence, seafloor topogra-
phy, and geography.

Development of marine areas, with the consequent
loss of habitat and thetefore populations, has led to the con-
cept of mitigation. Mifigation requires developers to pre-
serve or replace habitats in an effort to maintain and
preserve species.

Key Terms

All key terms from this chapter can be viewed by term, or by
definition, when studied as flashcards on this book’s Online
Learning Center at wp (click on this
book’s cover).

ecology, 358 ectotherm, 362
plankron, 358
nekton, 358
benthos, 358
taxonomy, 358
pelagic zone, 360
benthic zone, 360
neritic zone, 360

endotherm, 363
photic zone, 364
aphoric zone, 364
spicules, 365
bioluminescence, 365
luciferin, 365
luciferase, 365

oceanic zone, 360 photophore, 365
supralittoral zone/splash substrate, 367
zone, 360 epifauna, 367

infauna, 367
deposit feeder, 367
symbiosis, 367

littoral zone/intertidal
zone, 360

sublittoral zone/subtidal
zone, 360

bathyal zone, 360

abyssal zone, 360

hadal zone, 360

buoyancy, 360

commensalism, 367
mutualism, 367
parasitism, 367
mitigation, 368
biodiversity, 369

v.mhhe.com/sverdrug

www.mhhe.com/sverdrup




&=

o

-~

®

1

&

o

-

Study Questions

1. The processes that form a stretch of flat, uniform coast

depend on whether the land is rising or sinking. Discuss
the processes that form a flat coastal area under these two
conditions.

Why are multiple berms more likely to be seen on a beach
berween March and August than between September and
February?

Fjord coasts and drowned river valleys, or ria coasts, are
primary coasts. Explain why their appearances are
distinctly different. Give examples of each.

Describe the processes required to create a tombolo.
Consider and discuss (a) the distribution of wave energy
and (b) the longshore transport

What conditions are required to maintain a beach with a
constant profile and composition? Consider borh a static
and a dynamic environment

Why does an eroding beach that is supplied with material
from the cliffs of an old glacier deposit become an armored
beach, while an eroding beach that is supplied by river
sediments does not?

How does the profile of a sand beach change during
alternating seasonal periods of storm waves and more
gentle small waves?

Sketch a beach section that is stable with respect to the

supply and removal of beach sediments. Indicate the source

of the sediments and the final deposition of sediments in
the system. If the longshore transport or wave energy
distribution is altered by a barrier perpendicular to the
beach, whar changes will occur?

. What is causing the apparent rise of sea level around the

world? Is the rise similar in all places’

. What processes move heach sediments in a coastal

circulation cell?

Compare the circulation of a semienclosed basin at 30°N
with that of an estuary locared at 60°N. Which is less
likely to accumulare waste products at depth? Why?
Estuaries are classified by their net circulation and salt
distribution in this chapter. What other features could be
used o describe and classify them?

Why are estuaries with short flushing times less apt to
degrade when used as the receiving water for urban runoff

times?

than estuaries with long flushing
Compare the circulations and histories of San Francisco Bay
and Chesapeake Bay. How do these estuaries differ; how are
they similar? What do you see in the future for each?

In order to prevent erosion of his beach, your neighbor
wants to build a groin. What effect might the groin have
on your neighbor’s beach? On your beach if you live on the
upstream side of the longshore current? On your beach if
you live on the downstream side of the longshore current?

Study Problems

1. Determine the flushing time of an estuary in which T, =
9 x 107 m*/day and the volume of water is 30 x 10% m?

%, This water is 5%

and the fresh water is added ar the rate of

2. An estuary has a volume of 50 x 10" m

fresh water,
6 x 107 m*/day. Why does the rate of addition of fresh

water from the estuary to the ocean equal the input of fresh

water from the land to the estuary? Consider the average
salinity of the estuary as constant. What is the residence
time of the fresh warer?

3. Water entering an estuary at depth has a salinity of 34.5%..

The

award

The water leaving the estuary has a salinity of 29%..

river inflow is 20 x 10° m¥/day. Calculate T, the se:
-

STUDY QUESTIONS AND PROBLEMS

transport -
4. A bay with no freshwarer input can flush only by tidal

exchange. If on each tidal cycle (ebb and flood) 10% of the

bay's water volume is exchanged with ocean water, how
much of the original water will still be in the bay after four
tidal cycles? Solve for (1) no mixing between bay water
and ocean water; (2) complete mixing between bay water
and ocean water.

5. What is the flushing time of the bay in problem 4 for each
case? Which case best duplicates natural conditions?

Study Problems and Study Questions
serve not only as a concept review, but
challenge students to think further

about the lessons within each chapter.

Links to Related Websites

Visit the book's Online Learni

enter at

(click on the book’s cover) to find live Intemet links for additional
topics relared to this chapter's content -k
-€

LINKS TO RELATED WEBSITES

* Coastal and marine geology
* Coastal management

Visit the book’s Online Learning Center at

www.mhhe.com/sverdrup (dick on this book’s cover) to find
these additional chapter tools: Suggested Readings; links to
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The Sea Bear

The seo and sea ice are essentiol components of the polar bear's
environment. mmm.;mwwmdMMs
marine food chains, and its scientific name is oppropriate, Ursus
marifimus, or “seq bear” (box fig. 1), Polar bears are long-lived
{fifteen to twenly years or more}, late-maturing (four o five years)
carnivores with dense fur and a blubber loyer for insulation.
Adult males weigh 250-800 kg (550-1700 Ib) and measure
2.5-3.0 m (8-10 f) from tip of nose to tail; femoles weigh
100-300 kg (200700 Ib) and measure 1.8-2.5 m (6-8 f) see
{box fig. 2). In lote Oclober and November females make their
dens in drifted snow. One or two cubs are born in December or
January, and mather and cubs emerge in late March and early
April. Most female bears keep their cubs with them until the cubs
are about two and a half years old. The bears feed primarily on
ringed seals and fo o lesser extent on other seal species and
whale and walrus carcasses. They use their keen sense of smell 1o
locate seals ond hunt by stolking the animols basking on the ice,
lying in wait ot breathing holes, ond breaking into their birth-
dens. Polar bears travel long distances over the ice, 30 km
{19 mi) or more each day; they are olso sirong swimmers, swim-
ming confinuovsly for 100 km (62 mil.

Figure 1 A polar bear on the ice in the
wentral Arctic Ocean.

from ships and fish
i s. Its primary foods are squid, crab, and surface fish
The Wilson's petrel, is a swal
lowlike bird that breeds in Antarctica and flies 16,000 km
(10,000 mi) along the Gulf Stream to Labrador during the
Southern Hemisphere winter, retumning to the Southern
Hemisphere for the southem summer, another 16,000 km.

Pe 16.9a) do not fly but swim in flocks,
using thei r propulsion
Their underwarer

urface for edible refuse, including scraps

I

smallest of the oceanic birds,

ind steering with their feet

swimming s almost 10 mph. They
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by the sea ice, ice movements, and land barriers. The bears
extensively between seasons, depending on regional patts
frezing and breakup of he sa ico. Poor bears depend

i bynuhv-pwpklw
subsistence meustaywnﬁthdul!polemngln
1973, and Canada increased regulations on native peoples’ hunt-
ing ond allowed  limited sport hunt of 500 bears per year. Green-
land harvests 100-150 bears annually in o fightly reguloted hunt
for residents only.

fn October 2000 the United Stotes and Russia signed a freaty
covering the polar beors in northwest Alaska and the Chukota re-
gion of nartheast Siberia; the treaty includes the islands of the
Chukehi and Bering Seas, New U.S. and Russian commissions were
formed in which native tribes participate in setting harvest quotas.
For the first fime quots were placed on the number of bears hunted
in both couniries. Den arsas were ruled off-fimits; commercial hunt-
ing and killing females and cubs under one year are prohibited, No
puquup‘mnmdtuhg-muddxhudm
sels are permitied in

ih-poiavbwnnﬁﬂhamum-ﬂumhnvn I climate

potential problems include toxic contami-
nants, poaching, d:smpﬁon of the food chain by overfishing, human

Ifish. All but the Gal
the Southern Hemisphere

fish, krill, squid, and
penguin are found in

s, the emperor and the A
Pelicans and cormorants 2

and two
Antarctica.
ds with big

specie:

astal areas,
16.9b) has a

bheaks. They are strong fliers found mostly in ¢

but some venture far out to sea. A pelican (fig
particularly large beak from which hangs a pouch used in
White pelicans of North Ameri
all schools of fish into shallow water and
The Pacific’s

catching fish a fish in
groups, herds

then scoopir

em up in their lange pouches.

activifies related to il and gas exploration and development, and
increased tourism and human contacts.

Visit the book's Online Center ot
www.mhhe.com/s click on the book’
To Loz More About the Ses Bear wmh..ummmhim:mwﬁ;)b

Eliot, J. 1998. Polor Bears, Stalkers of the High Arciic. National
Geographic 199(1): 52-71,

Box Figure 2 This polar bear i being

‘measured, and fired with a tracking
collar chat will be followed by satellite. A
measuring tape i lying on top of the bear, The
scientists are members of the 1994 Arctic
Section Expedition.

m (30 fo)
are black,

brown pelican does a spectacular dive from up to 16

» capture its prey. Cor

ills are strong flyers and will cat anything; they forage
The tems are small, graceful
with slender bills and forked rails. The Arctic tem br
the Arctic and each winter migrates south of the Antarctic
Circle, a round-trip of 35,000 km (20,000 mi).

P and auks are heavy-bodied,
living birds
e krill

above the water «

Fmorants wer beach and open water.
long-hodied birds with snakelike necks and moderately long
hills thar are hooked at the tip.
dive from the surface, swimming primarily with their feet but
ilso using their wings. Because they do not have the water
repellent feather

tand periodi
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short
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instructor, as well as features to help students sharpen their
study skills and make the grade in their oceanography
course. A complete Instructor’s Manual, as well as the
Digital Content Manager, can be accessed within a special
password-protected instructors’ section of the Online
Learning Center (OLC). The Digital Content Manager
provides photos and artwork from the text in multiple
formats to assist in creating customized classroom
presentations, dynamic course website content, or attractive
printed support materials. Students will find electronic
flashcards of the key terms within each chapter, as well as
chapter-grouped web links to provide additional information
on chapter topics, individual figures, boxed readings, and
interactive quizzes for each chapter.
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The History of Oceanography
The Water Planet

Student Study Guide

THE WATER PLANET
CHAPTER 1

Objectves

1. To acquwre an aoomcrmn for the physical and chemical processes that led to the formation of the selar system and the
location of Earth in this systes

2. To understand the afterance batwiaen tme, 85 wwa in human parspectives and the concept of desg time, or GROIOGH
time, along with: a betrer perspecore of the antiquty of Earth

3. To become acquaintad with the shape and size of Earth

4. 70 learo how one might accurately divide the surface of our planet nto a gnid system for location and precse NaVGation
5. To fanvhanze ourselves with the properties of our planet, and the existence of free surface water

Key Concepts

Major Concept (1) Observatinoal data have provided Increasing evidence that the universe orginates abour 15 bilkon years
AQ0 In an event calied the Big Bang. Related A)I ;uoc\ﬂ?mq (Omo!‘i « Our purrent undecstanding of the ureverse oumes from
many different types of observations using instruments th atect different wavelengths of energy atross the
slectromagnetic spectrum. - Stentists bekeve that al mm 61\\1 BNRIGY 1 e UNIvErSe was angingdly CONcentrsted n an
extremely hot, dense singulanty smafler than an atom. - The universe 15 thought to have originated in a catadysaec explosion
of this singulariy, commonly called the 819 Bang, roughly 15 bikon years ago. - One secend after the By Bang the .
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Students: Partner Up
with Our Online Study Guide

The Online Learning Center hosts a complete Study
Guide for each chapter, which includes Chapter
Objectives, Key Concepts in lecture outline format, and a
variety of self-test features to help you understand and
retain the content within each chapter of your textbook.
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Charge Up Your Oceanography
Research with PowerWeb

Through our Oceanography Online Learning Center you
may access PowerWeb—your personal research assistant.
PowerWeb provides articles from current magazines,
newspapers, and journals; weekly updates of current issues;
web research tips; an online library of updated research
links to help you locate the right information; up-to-the-
minute headlines from around the world; plus online
quizzing and assessments to measure your understanding
of course material.
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here are your monuments, your battles, martyrs?
Where is your tribal memory? Sirs, in that grey
vault. The sea. The sea has locked them up. The sea is History.

Derek Walcott
From The Sea is History

Navigational aides before electronics: sextant, pen, log book, and
map of Falmouth, England.
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ceanography is a broad field in which many sciences are focused on the common goal of understanding the

oceans. Geology, geography, geophysics, physics, chemistry, geochemistry, mathematics, meteorology,

botany, and zoology have all played roles in expanding our knowledge of the oceans. The field is so broad
that oceanography today is usually broken down into a number of subdisciplines.

Geological oceanography includes the
study of the Earth at the sea’s edge and
below its surface and the history of the
processes that formed the ocean basins.
Physical oceanography investigates how
and why the oceans move; marine mete-
orology (the study of heat transfer, water
cycles, and air-sea interactions) is often
included in this discipline. Chemical
oceanography studies the composition
and history of the water, its processes,
and its interactions. Biological oceanog-
raphy concerns marine organisms and the
relationship between these organisms and
the environment of the oceans. Ocean
engineering is the discipline that designs
and plans equipment and installations for
use at sea.

The study of the oceans was pro-
moted by intellectual and social forces as
well as by our needs for marine resources,
trade and commerce, and national secu-
rity. Oceanography started slowly and in-
formally; it began to develop as a modern
science in the mid-1800s and has grown
dramatically, even explosively, in the last
few decades. Our progress toward the goal
of understanding the oceans has been un-
even, and it has frequently changed di-
rection. The interests and needs of
nations as well as the scholarly curiosity
of scientists have controlled the rate at
which we study the oceans, the methods
we use to study them, and the priority we
give to certain areas of study. To gain per-
spective on the current state of knowl-
edge about the oceans, we need to know
something about the events and incen-
tives that guided people’s previous inves-
tigations of the oceans.

The Early Times

People have been gathering information
about the oceans for millennia, accumu-
lating bits and pieces of knowledge, pass-
ing it on by word of mouth. Curious
individuals must have acquired their first
ideas of the oceans from wandering the
seashore, wading in the shallows, gather-
ing food from the ocean’s edges. During

2 THE HISTORY OF OCEANOGRAPHY

the Paleolithic period humans developed
the barbed spear, or harpoon, and the
gorge. The gorge was a double-pointed
stick inserted into a bait and attached to
a string. At the beginning of the Neo-
lithic period the bone fishhook was de-
veloped and later the net. By 5000 B.c.
copper fishhooks were in use (see tradi-
tional Native American implements in
prologue fig. I).

As early humans moved slowly
away from their inland centers of devel-
opment, they were prepared to take ad-
vantage of the sea’s food sources when
they first explored and later settled along
the ocean shore. The remains of shells
and other refuse, in piles known as
kitchen middens, have been found at the
sites of ancient shore settlements. These
remains show that our early ancestors
gathered shellfish, and fish bones found
in some middens suggest that they also
began to use rafts or some type of boat for
offshore fishing. Drawings on ancient
temple walls show fishnets; on the tomb
of the Egyptian Pharaoh Ti, Fifth Dy-
nasty (5000 years ago), is a drawing of
the poisonous pufferfish with a hiero-
glyphic description and warning. As long
ago as 1200 B.C. or earlier, dried fish were
traded in the Persian Gulf; in the
Mediterranean the ancient Greeks
caught, preserved, and traded fish, while
the Phoenicians founded fishing settle-
ments, such as “the fisher’s town” Sidon,
that grew into important trading ports.

Early information about the oceans
was mainly collected by explorers and
traders. These voyages left little in the
way of recorded information. Using de-
scriptions passed down from one voyager
to another, early sailors piloted their way
from one landmark to another, sailing
close to shore and often bringing their
boats up onto the beach each night.

Some historians believe that seago-
ing ships of all kinds are derived from
early Egyptian vessels. The first recorded
voyage by sea was led by Pharaoh Snefru
about 3200 B.c. In 2750 B.c. Hannu led

the earliest documented exploring expe-
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