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Oceanography

An Introduction




To all those who make their living respectfully on, in, or
about the ocean.



Ee earth has often been viewed as a possession to
be subdued and exploited. The ocean that makes up
about 70% of the earth has not been easily subdued
or exploited despite heroic attempts. As a result, peo-
ple still refer to the ocean as a frontier or as a vast
resource that will enable us to solve such problems as
food shortage or a shortage of valuable minerals. One
reason for writing Oceanography: An Introduction was
to explore the myths and realities according to our
present understandings of the ocean.

In our opinion textbooks should present the guid-
ing philosophy of the authors very early on. Our book
was the first general oceanography text to take serious
issue with environmental topics. When one considers
the recent (March, 1986) statement by the Foundation
for Oceanographic Research that there has been more
marine pollution in the past ten years than in the pre-
vious 400 years combined, it is obvious that people
must be made aware of the problems before they can
become concerned. But real awareness is based on
understanding. So the primary aim of this book is to
present the fundamental geological, chemical, phys-
ical, and biological marine processes necessary to
understand the ocean environment. We hope this
understanding and awareness will help to generate
the desire to help in the preservation-of this planet’s
last frontier.

We have been on, in, and around the ocean all of
our lives. From a purely pragmatic viewpoint this quote
by Kenneth Grahame is worth a mention: “There is
nothing—absolutely nothing—half so much worth
doing as simply messing about in boats . . . or with
boats . . . In or out of ‘em, it doesn’t matter.” This
would include, of course, scientific activity as well.

This fourth edition of Oceanography is substan-
tially rewritten and updated. An extensive survey of
faculty who have read or adopted the text and of stu-
dents in our classes at SDSU has been used to help
guide us to make substantial changes. The sequence
of chapters remains the same as the last edition with
discussions of the chemical and physical properties of
sea water split into two chapters.

Dr. David Milne, marine biologist from Evergreen
State College, has completely rewritten the three
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chapters dealing with marine biology. Highly knowl-
edgeable about current concepts in marine biology,
Dr. Milne is an experienced teacher of undergraduate
students and a capable writer.

The chapters dealing with marine geology have
been substantially rewritten and updated with the
suggestions made by Dr. Tjeerd van Andel of Stanford
University.

This text remains the only introductory ocean-
ography text with a chapter on polar oceanography,
an area receiving increasing scientific attention.

The chapters on marine resources, ocean tech-
nology, pollution, and management have been exten-
sively updated with more than fifty new or revised
tables and figures. There are also new sections on
marine transportation, marine recreation, and the
exclusive economic zone.

The book emphasizes visual materials: There are
over four hundred line drawings and photographs,
more than three hundred of which are original. Many
illustrations have been added to this edition. Illustra-
tions are essential to an oceanography text because
some students have never experienced the ocean in
person, while many others have seen it only from the
shoreline or from the deck of a boat, usually in only
a few locales. If properly executed, illustrations can be
good substitutes for direct observation.

This edition continues an extensive glossary based
on the Glossary of Oceanographic Terms published by the
U.S. Naval Oceanographic Office and other special-
ized sources. Key terms are set in boldface type for
easy identification. Also, coastal maps of the USA show
coastal configuration, locations, and the 30- and 100-
fathom contours.

To give the book another dimension, we display
at the beginning of each chapter an original photo-
graph along with quotations from the works of Car-
roll, Melville, Conrad, Whitman, Arnold, and others.
We hope these quotations and photographs will con-
vey the variety of human experience with the ocean
in a stimulating way. As Alice said, “What is the use
of a book without pictures?” (Lewis Carroll).
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I:e sea does not reward those who are too anxious, too greedy, or
too impatient. To dig for treasures shows not only impatience and
greed, but lack of faith. Patience, patience, patience, is what the sea
teaches. Patience and faith. One should lie empty, open, choiceless as
a beach—waiting for a gift from the sea.

Anne Morrow Lindbergh
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.You hear it long before you see it—a muffled roar,
thunder in the distance. This is no ominous rumbling
of some passing storm. It is the compelling, rhythmic
sound of the world’s ocean, its waters surging against
the land.

You round a bend in the road or step through a
break in the coastal forest or near the edge of a cliff,
and you see it for the first time. Before you is an expanse
of water so dynamic, so vast, so primal, that the tur-
moil of cities is forgotten. At that moment, your world
expands. That moment, in Anne Morrow Lindbergh’s
phrase, is a gift from the sea.

Some people who experience that moment go on
to become oceanographers of one sort or another. They

ocean, the dlstrlbutlon of temperatures, ar}d_alr sea
mteractlons They may 'become specialists ir( biological
oceanogr:g_p_ly;*—the study of interactions of marine

7 organisms with one another and with their environ-

““ment. Or these people may become interested in g\o-

logical oceanography—rthe study of the origin and

physical characteristics of the ocean basins and the
_processes that have shaped them.

Whatever their special interest, oceanographers
have all glimpsed a magnificent natural force, and they
are all in their own ways responding to its challenge.
Oceanography is more than a profession; it is a special
way of viewing one of the great features of nature.

THE WORD OCEANOGRAPHY

Sir John Murray commented in his book The Oceans,
published in 1910, on the word oceanography:

The term Thalassography has been used,
largely in the United States, to express the
science which treats of the ocean. The term
Oceanography is, however, likely to prevail. The
Greeks appear to have used the word Thalassa
almost exclusively for the Mediterranean,
whereas the almost mythical “oceanus” of the
ancients corresponds to the ocean basins of
the modern geographer. In recent times I
believe the word Oceanography was intro-
duced by myself about 1880, but I find from
Murray’s English Dictionary that the word
océanographie was used in French in 1584, but
did not then survive.

The German word Ozeanographie, now largely replaced
by Meereskunde, was used somewhat earlier than the
English version.
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1.1 Japanese woodcut prints (by Masanobu Kano) showing early nori cultivation techniques: preparing and planting brush

as a foundation for Porphyra spores (Kode, 1877).

The suffix graphy)suggests drawing, describing,
or reporting, as in biography and geography. The suffix
\-logy refers to a science or a branch of knowledge.
Surely the study of the ocean has progressed beyond
a pure description, and oceanology would be a more
accurate term than oceanography. Still, oceanography
retains its currency, and we shall use it throughout
this book.

The term hydrography is sometimes incor- (G 3
rectly as a synonym for oceanography.(Hydrography? >
A . \

als prima of coastlines, bottom
topography, currents, and tides for practical use in

ocean navigationd Oceanography)is a more compre-
ensive discipline that uses chemical, physical, bio-

logical, and geological principles in its study of the
ocean at large.

EMERGENCE OF THE
SCIENCE OF OCEANOGRAPHY

Artists, poets, philosophers, admirals, and merchants
have long had a passionate relationship with the ocean,
and people of all ranks have harvested fish, shellfish,
and seaweed from the sea for thousands of years (Fig-
ure 1.1). Seafarers have sailed the world in search of
fortune and far horizons. Since the time of Homer,

X
\

Plato, and Aristotle, and probably long before, poets
and philosophers have reflected on the sea. Indeed,
in Plato’s model of the world system, which com-
prised earth, air, fire, and water, the water was the
ocean (Figure 1.2). Aristotle devised a system for clas-

sifying living creatures and perceived the connection
msilsmidﬁ;—i;g-organigms. -
However, oceanography developed late as a sci-
ence. The study of the ocean began in earnest with
“the voyage of HMS Challenger {Figure 1.3)_In Decem-
ber 1872, under the direction of Wyville Thomson of
Britain, the Challenger em_lzgygégl_ on_the firs jor
oceanographic expedition in history—an expedition
that lasted almost three and a half years. During that
time, the Challenger covered 68,890 nautical miles (Fig-
ure 1.4). (A(nautical milexequals o inizte of lati-
_tude, or 1/21,600, of a great circle of the earth; this is

equal to 1,852 m [6,076.1 ft].) It was the first steamship
ever to reach the Antarctic ice barrier and the first to
cross the Antarctic Circle. (Lo

The wealth of information gathered during that
expedition prompted J. Y. Buchanan, the chemist on
the expedition, to comment:

— (_;.J;T, Cewle Lodat =

The history of the Challenger expedition is
well known to all students of oceanography,
which, as a special science, dates its birth from
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