


Fuca Ridge

A, cture Zone.
) cino Fractute SolE
)/ N\enﬁo_ el W T L

(4

one
wurray Fr2 T

W N
J ooncture ZO0€ 2
wotokal g e
: : V tu\'ezo'.‘en o
cranlan ERCEEIE R
| 1% "
ne'Islands cture Zone, 5,

. Fra
il - cipperto”

\

W . Marquesas
V' Tugmotu '\ Islands

Q
e
Vo ;

v i pSociety.
" Isldnds)
Islands s




.I w, [
O

L8
o

Nine

P ( RioGrande
Iy ’,&:,_ -~ Rise !

The “map” that changed the world. This visualization, which shows what Earth’s surface would look like if all the water in the oceans
were emptied, was created by geologist Bruce Heezen and mapmaker Marie Tharp in 1977, based on ship soundings and sonar data.
The representation exaggerates sea floor features for clarity; the vertical exaggeration is about 20 times. For the first time in the history

of the world, the shape of Earth’s sea floor could be observed, including its many diverse features.



Essentials of

Oceanography

TWELFTH EDITION

Alan P. Trujillo

DISTINGUISHED TEACHING PROFESSOR
PALOMAR COLLEGE

Harold V. Thurman

FORMER PROFESSOR EMERITUS
MT. SAN ANTONIO COLLEGE

PEARSON



Senior Acquisitions Editor: Andrew Dunaway Compositor: Lumina Datamatics

Executive Product Marketing Manager: Neena Bali Design Manager: Derek Bacchus

Executive Marketing Manager: Mary Salzman Interior Designer: Gary Hespenheide

Project Manager: Connie Long Cover Designer: Gary Hespenheide

Program Manager: Sarah Shefveland Mlustrators: International Mapping Associates, Peter Bull Art
Development Editor: Barbara Price Studio, Justin Hofman

Art Development Editor: Jay McElroy Rights & Permissions Management: Rachel Youdelman
Editorial Assistant: Michelle Koski Photo Researcher: Kristin Piljay

Development Manager: Jennifer Hart Manufacturing Buyer: Maura Zaldivar-Garcia

Program Management Team Lead: Kristen Flathman

Project Management Team Lead: David Zielonka Cover Photo Credit: Justin Hofman

Production Management: Lumina Datamatics

Copyright ©2017, 2014, 2011 Pearson Education, Inc. All Rights Reserved. Printed in the United States of America. This publication is
protected by copyright, and permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval
system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise. For information
regarding permissions, request forms and the appropriate contacts within the Pearson Education Global Rights & Permissions department,
please visit www.pearsoned.com/permissions/ .

Acknowledgements of third party content appear on page 586, which constitutes an extension of this copyright page.

PEARSON, ALWAYS LEARNING, MasteringOceanography™ are exclusive trademarks in the United States and/or other countries owned by
Pearson Education, Inc. or its affiliates.

Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the property of their respective owners and
any references to third-party trademarks, logos, or other trade dress are for demonstrative or descriptive purposes only. Such references
are not intended to imply any sponsorship, endorsement, authorization, or promotion of Pearson’s products by the owners of such marks,
or any relationship between the owner and Pearson Education, Inc. or its affiliates, authors, licensees.

Library of Congress Cataloging-in-Publication Data

Names: Trujillo, Alan P. | Thurman, Harold V.

Title: Essentials of oceanography / Alan P. Trujillo, Distinguished Teaching
Professor, Palomar College, Harold V. Thurman, Professor Emeritus,
Mt. San Antonio College.

Description: Twelth edition. | Boston : Pearson, [2018] | Includes
bibliographical references and index.

Identifiers: LCCN 2015035841| ISBN 9780134073545 (alk. paper) | ISBN
0134073541 (alk. paper)

Subjects: LCSH: Oceanography—Textbooks.

Classification: LCC GC11.2 .T49 2018 | DDC 551.46—dc23

LC record available at http://lcen.loc.gov/2015035841

12345678910—V311—181716 15 14

ISBN 10: 0-134-07354-1; ISBN 13: 978-0-134-07354-5 (Student edition)
PEARSON ISBN 10: 0-134-25395-7; ISBN 13: 978-0-134-25395-4 (Instructor’s Review Copy)
www.pearsonhighered.com

ISBN 10: 0-134-26742-7; ISBN 13: 978-0-134-26742-5 (NASTA)


http://www.pearsoned.com/permissions/
http://lccn.loc.gov/2015035841
http://www.pearsonhighered.com

Dedicated to my father Dr. Anthony P. Trujillo,
mentor, role model, teacher, and friend

—AL TRUJILLO

In memory of Hal Thurman (1934-2012)



ALAN P. TRUJILLO Al Trujillo
is a Distinguished Teaching Pro-
fessor in the Earth, Space, and
Aviation Sciences Department
at Palomar College in San Mar-
cos, California. He received his
bachelor’s degree in geology from
the University of California at
Davis and his master’s degree
in geology from Northern Arizona
University, afterward working for
several years in industry. Al began
teaching at Palomar in 1990. In
1997, he was awarded Palomar’s
Distinguished Faculty Award for
Excellence in Teaching, and in 2005
he received Palomar’s Faculty Research Award. He has coauthored
Introductory Oceanography with Hal Thurman and is a contrib-
uting author for the textbooks Earth and Earth Science. In addi-
tion to writing and teaching, Al works as a naturalist and lecturer
aboard natural history expedition vessels for Lindblad Expeditions/
National Geographic in Alaska, Iceland, and the Sea of Cortez/Baja
California. His research interests include beach processes, sea cliff
erosion, and active teaching techniques. He enjoys photography,
and he collects sand as a hobby. Al and his wife, Sandy, have two
children, Karl and Eva.

ABOUT THE AUTHORS

HAROLD V. THURMAN Ial
Thurman’s interest in geology
led to a bachelor’s degree from
Oklahoma A&M University, fol-
lowed by seven years working as
a petroleum geologist, mainly in
the Gulf of Mexico, where his
interest in the oceans developed.
He earned a master’s degree from
California State University at Los
Angeles. Hal began teaching at
Mt. San Antonio College in Wal-
nut, California, in 1968 as a tem-
porary teacher and taught Physics
1 (a surveying class) and three
Physical Geology labs. In 1970,
he taught his first class of General Oceanography. It was from this
experience that he decided to write a textbook on oceanography and
received a contract with Charles E. Merrill Publishing Company in
1973. The first edition of his book Introductory Oceanography was
released in 1975. Harold authored or coauthored over 20 editions
of textbooks that include Introductory Oceanography, Essentials of
Oceanography, Physical Geology, Marine Biology, and Oceanogra-
phy Laboratory Manual, many of which are still being used today
throughout the world. In addition, he contributed to the World Book
Encyclopedia on the topics of “Arctic Ocean,” “Atlantic Ocean,”
“Indian Ocean,” and “Pacific Ocean.” Hal Thurman retired in May
1994, after 24 years of teaching, and moved to be closer to family
in Oklahoma, then to Florida. Hal passed away at the age of 78 on
December 29, 2012. His writing expertise, knowledge about the
ocean, and easy-going demeanor will be dearly missed.



BRIEF CONTENTS

Preface xi

[

Introduction to Planet “Earth” 3

Plate Tectonics and the Ocean Floor 39
Marine Provinces s1

Marine Sediments 105

Water and Seawater 137

Air-Sea Interaction 171

Ocean Circulation 207

Waves and Water Dynamics 245

O 00 N o oo A~ W DN

Tides 279

et
o

Beaches, Shoreline Processes, and the Coastal Ocean 305

-y
=

Marine Pollution 347

-
N

Marine Life and the Marine Environment 375

-
w

Biological Productivity and Energy Transfer 403

-
D

Animals of the Pelagic Environment 445

et
(&)

Animals of the Benthic Environment 479

et
(0]

The Oceans and Climate Change 513

Afterword 550

Appendix | Metric and English Units Compared 554
Appendix Il Geographic Locations 558
Appendix IIl  Latitude and Longitude on Earth 560

Appendix IV A Chemical Background: Why Water Has Two Hs and One O
(Online as MasteringOceanography Bonus Web Content)

Appendix V. Careers in Oceanography 563
Glossary 566
Credits and Acknowledgments 586

Index 589



Preface xi
To the Student xi

Diving Deeper Preface.1 A User’s Guide for Students: How to
Read a Science Textbook xi

To the Instructor xii

Diving Deeper Preface.2 Ocean Literacy: What Should People
Know about the Ocean? xii

Reorganization of What's New in This Edition Section xiii
For the Student xiv
For the Instructor xiv

Acknowledgments xv

1 INTRODUCTION TO PLANET “EARTH” s

ESSENTIAL LEARNING CONCEPTS 3

1.1 How Are Earth’s Oceans Unique? 3
Earth’s Amazing Oceans 4 ® How Many Oceans Exist on Earth? 4
The Four Principal Oceans, Plus One 5 ¢ Oceans versus Seas 6
1.2 How Was Early Exploration of the Oceans Achieved? 9
Early History 9

DIVING DEEPER 1.1 HISTORICAL FEATURE How Do Sailors Know Where They
Are at Sea? From Stick Charts to Satellites 10
The Middle Ages 13 e The Age of Discovery in Europe 13
* The Beginning of Voyaging for Science 14 e History of
Oceanography . . . To Be Continued 15
1.3 What Is Oceanography? 16
1.4 What Is the Nature of Scientific Inquiry? 17
Observations 17 © Hypothesis 17 © Testing 18  Theory 18
* Theories and the Truth 18
1.5 How Were Earth and the Solar System Formed? 19
The Nebular Hypothesis 20 © Proto-Earth 20 e Density and Density
Stratification 22 e Earth’s Internal Structure 22
1.6 How Were Earth’s Atmosphere and Oceans Formed? 26
Origin of Earth’s Atmosphere 26 ¢ Origin of Earth’s Oceans 26
1.7 Did Life Begin in the Oceans? 27
The Importance of Oxygen to Life 27 e Stanley Miller’'s Experiment 28
e Evolution and Natural Selection 29 e Plants and Animals Evolve 29

DIVING DEEPER 1.2 HISTORICAL FEATURE The Voyage of HMS Beagle: How It
Shaped Charles Darwin’s Thinking about the Theory of Evolution 30

1.8 How OId Is Earth? 33
Radiometric Age Dating 33 ¢ The Geologic Time Scale 33

Essential Concepts Review 35

vi

2 PLATE TECTONICS AND THE OCEAN FLOOR s

ESSENTIAL LEARNING CONCEPTS 39

2.1 What Evidence Supports Continental Drift? 40
Fit of the Continents 40 ¢ Matching Sequences of Rocks and
Mountain Chains 40 e Glacial Ages and Other Climate Evidence 41
e Distribution of Organisms 41 e Objections to the Continental
Drift Model 42
2.2 What Evidence Supports Plate Tectonics? 43
Earth’s Magnetic Field and Paleomagnetism 44 e Sea Floor Spreading
and Features of the Ocean Basins 46

DIVING DEEPER 2.1 RESEARCH METHODS IN OCEANOGRAPHY Using Moving
Continents to Resolve an Apparent Dilemma: Did Earth Ever Have Two
Wandering North Magnetic Poles? 47
Other Evidence from the Ocean Basins 49
 Detecting Plate Motion with Satellites 53
® The Acceptance of a Theory 53
2.3 What Features Occur at Plate Boundaries? 54
Divergent Boundary Features 55 ¢ Convergent Boundary
Features 60 e Transform Boundary Features 65
2.4 Testing the Model: How Can Plate Tectonics Be Used as a Working
Model? 67
Hotspots and Mantle Plumes 67 ® Seamounts and Tablemounts 70
e Coral Reef Development 70
2.5 How Has Earth Changed in the Past, and How Will it Look in the
Future? 74
The Past: Paleogeography 74 e The Future: Some Bold
Predictions 74 e A Predictive Model: The Wilson Cycle 76

Essential Concepts Review 78



3.1

3.2

3.3

3.4

MARINE PROVINCES &:

ESSENTIAL LEARNING CONCEPTS 81

What Techniques Are Used to Determine Ocean Bathymetry? 81
Soundings 82 e Echo Soundings 82 ¢ Using Satellites to Map Ocean
Properties from Space 84 e Seismic Reflection Profiles 85

What Features Exist on Continental Margins? 87

Passive versus Active Continental Margins 87 ¢ Continental

Shelf 88 ¢ Continental Slope 89 ¢ Submarine Canyons and Turbidity
Currents 89 e Continental Rise 91

What Features Exist in the Deep-Ocean Basins? 92

Abyssal Plains 92 e Volcanic Peaks of the Abyssal Plains 93

® Ocean Trenches and Volcanic Arcs 93

What Features Exist along the Mid-Ocean Ridge? 95

Volcanic Features 96 ® Hydrothermal Vents 96

DIVING DEEPER 3.1 RESEARCH METHODS IN OCEANOGRAPHY Earth’s
Hypsographic Curve: Nearly Everything You Need to Know about Earth’s
Oceans and Landmasses in One Graph 97

DIVING DEEPER 3.2 RESEARCH METHODS IN OCEANOGRAPHY Now You See |t,
Now You Don't: Recovering Oceanographic Equipment Stuck in Lava 98

4.1

4.2

4.3

Fracture Zones and Transform Faults 100 e Oceanic Islands 101
Essential Concepts Review 102

MARINE SEDIMENTS 105

ESSENTIAL LEARNING CONCEPTS 105

How Are Marine Sediments Collected, and What Historical Events
Do They Reveal? 106

Collecting Marine Sediments 106 ¢ Environmental Conditions
Revealed by Marine Sediments 108 ¢ Paleoceanography 108

What Are the Characteristics of Lithogenous Sediment? 109

Origin of Lithogenous Sediment 109 ¢ Composition of Lithogenous
Sediment 109 ¢ Sediment Texture 110 e Distribution of Lithogenous
Sediment 111

What Are the Characteristics of Biogenous Sediment? 113

Origin of Biogenous Sediment 113 ® Composition of Biogenous
Sediment 114

DIVING DEEPER 4.1 OCEANS AND PEOPLE Diatoms: The Most Important
Things You Have (Probably) Never Heard Of 115

4.4

4.5

4.6

4.7

Distribution of Biogenous Sediment 117

What Are the Characteristics of Hydrogenous Sediment? 121
Origin of Hydrogenous Sediment 121 ¢ Composition and Distribution
of Hydrogenous Sediment 122

What Are the Characteristics of Cosmogenous Sediment? 124
Origin, Composition, and Distribution of Cosmogenous

Sediment 124

How Are Pelagic and Neritic Deposits Distributed? 125
Mixtures of Marine Sediment 125 e Neritic Deposits 126
Pelagic Deposits 126 ® How Sea Floor Sediments Represent
Surface Conditions 128 ¢ Worldwide Thickness of Marine
Sediments 128

What Resources Do Marine Sediments Provide? 129
Energy Resources 129 e Other Resources 130

Essential Concepts Review 133

5.1

5.2

5.3

Contents vii

WATER AND SEAWATER 137

ESSENTIAL LEARNING CONCEPTS 137

Why Does Water Have Such Unusual Chemical Properties? 137
Atomic Structure 137 ¢ The Water Molecule 138

What Important Physical Properties Does Water Possess? 140
Water’'s Thermal Properties 140 e Water Density as a Result of
Thermal Contraction 145

How Salty Is Seawater? 147

Salinity 147 © Determining Salinity 148

DIVING DEEPER 5.1 OCEANS AND PEOPLE How to Avoid Goiters 149

5.4

5.5

5.6

5.7

5.8

6.1

6.2

6.3

6.4

6.5

6.6

Comparing Pure Water and Seawater 150

Why Does Seawater Salinity Vary? 151

Salinity Variations 151 e Processes Affecting Seawater Salinity 152
 Dissolved Components Added to and Removed from Seawater 153
Is Seawater Acidic or Basic? 156

The pH Scale 156 © The Carbonate Buffering System 157

How Does Seawater Salinity Vary at the Surface and with Depth? 158
Surface Salinity Variation 159 e Salinity Variation with Depth 159

* Halocline 160

How Does Seawater Density Vary with Depth? 161

Factors Affecting Seawater Density 161 ® Temperature and Density
Variation with Depth 162 © Thermocline and Pycnocline 163

What Methods Are Used to Desalinate Seawater? 164

Distillation 165 ¢ Membrane Processes 165 ¢ Other Methods of
Desalination 166

Essential Concepts Review 167

AIR-SEA INTERACTION 171

ESSENTIAL LEARNING CONCEPTS 171

What Causes Variations in Solar Radiation on Earth? 172
What Causes Earth’s Seasons? 172 ¢ How Latitude Affects the
Distribution of Solar Radiation 173 e Oceanic Heat Flow 175

What Physical Properties Does the Atmosphere Possess? 175
Composition of the Atmosphere 175 e Temperature Variation in
the Atmosphere 176 e Density Variation in the Atmosphere 176

e Atmospheric Water Vapor Content 176 © Atmospheric

Pressure 177 ® Movement of the Atmosphere 177 ¢ An Example:
A Nonspinning Earth 177

How Does the Coriolis Effect Influence Moving Objects? 178
Example 1: Perspectives and Frames of Reference on a
Merry-Go-Round 179 ¢ Example 2: A Tale of Two Missiles 180

e Changes in the Coriolis Effect with Latitude 181

What Global Atmospheric Circulation Patterns Exist? 181
Circulation Cells 182 © Pressure 183 ¢ Wind Belts 183

* Boundaries 183 e Circulation Cells: Idealized or Real? 184
How Does the Ocean Influence Global Weather Phenomena and
Climate Patterns? 185

Weather versus Climate 186 © Winds 186

DIVING DEEPER 6.1 HISTORICAL FEATURE Why Christopher Columbus Never
Set Foot on North America 187

Storms and Fronts 188 e Tropical Cyclones (Hurricanes) 188
® The Ocean’s Climate Patterns 196

How Do Sea Ice and Icebergs Form? 198

Formation of Sea Ice 198 e Formation of Icebergs 200



viii Contents

6.7 Can Power from Wind Be Harnessed as a Source of Energy? 201
Essential Concepts Review 202

"/ OCEAN CIRCULATION 207

ESSENTIAL LEARNING CONCEPTS 207

7.1 How Are Ocean Currents Measured? 207
Surface Current Measurement 207
DIVING DEEPER 7.1 OCEANS AND PEOPLE Running Shoes as
Drift Meters: Just Do It 209
Deep Current Measurement 210
7.2 What Creates Ocean Surface Currents and How Are They
Organized? 211
Origin of Surface Currents 211 ¢ Main Components of Ocean
Surface Circulation 212 e Other Factors Affecting Ocean Surface
Circulation 214 e Ocean Currents and Climate 218
7.3 What Causes Upwelling and Downwelling? 220
Diverging Surface Water 220 e Converging Surface Water 220
e Coastal Upwelling and Downwelling 220 e Other Causes of
Upwelling 221
7.4 What Are the Main Surface Circulation Patterns in Each Ocean
Basin? 222
Antarctic Circulation 222 e Atlantic Ocean Circulation 223
DIVING DEEPER 7.2 HISTORICAL FEATURE Benjamin Franklin: The World’s
Most Famous Physical Oceanographer 226
Indian Ocean Circulation 227 e Pacific Ocean Circulation 229
7.5 How Do Deep-Ocean Currents Form? 236
Origin of Thermohaline Circulation 236 e Sources of Deep Water 236
* Worldwide Deep-Water Circulation 237
7.6 Can Power from Currents Be Harnessed as a Source of
Energy? 240

Essential Concepts Review 241

8 WAVES AND WATER DYNAMICS 245

ESSENTIAL LEARNING CONCEPTS 245

8.1 How Are Waves Generated, and How Do They Move? 245
Disturbances Generate Ocean Waves 245
* Wave Movement 246
8.2 What Characteristics Do Waves Possess? 248
Wave Terminology 248 e Circular Orbital Motion 248
* Deep-Water Waves 250 e Shallow-Water Waves 251
* Transitional Waves 251
8.3 How Do Wind-Generated Waves Develop? 252
Wave Development 252 e Interference Patterns 256
* Rogue Waves 256
8.4 How Do Waves Change in the Surf Zone? 258
Physical Changes as Waves Approach Shore 258
* Breakers and Surfing 259 e Wave Refraction 260
* Wave Reflection 262
8.5 How Are Tsunami Created? 263
Coastal Effects 265 ® Some Examples of Historic and Recent
Tsunami 266 © Tsunami Warning System 269

DIVING DEEPER 8.1 OCEANS AND PEOPLE Waves of Destruction: The 2011
Japanese Tsunami 270

8.6 Can Power from Waves Be Harnessed as a Source
of Energy? 272
Wave Power Plants and Wave Farms 272 ¢ Global Coastal Wave
Energy Resources 273

Essential Concepts Review 275

9 TIDES 279

ESSENTIAL LEARNING CONCEPTS 279

9.1 What Causes Ocean Tides? 279
Tide-Generating Forces 279 e Tidal Bulges: The Moon’s Effect 282
e Tidal Bulges: The Sun’s Effect 284 ¢ Earth’s Rotation and the
Tides 284

9.2 How Do Tides Vary during a Monthly Tidal Cycle? 285
The Monthly Tidal Cycle 285 ¢ Complicating Factors 287
* |dealized Tide Prediction 289

9.3 What Do Tides Look Like in the Ocean? 291
Amphidromic Points and Cotidal Lines 291 e Effect of the
Continents 291 e Other Considerations 292

9.4 What Types of Tidal Patterns Exist? 292
Diurnal Tidal Pattern 292 ¢ Semidiurnal Tidal Pattern 292
* Mixed Tidal Pattern 292

9.5 What Tidal Phenomena Occur in Coastal Regions? 294
An Example of Tidal Extremes: The Bay of Fundy 294

DIVING DEEPER 9.1 OCEANS AND PEOPLE Tidal Bores: Boring Waves These
Are Not! 295

Coastal Tidal Currents 296 © Whirlpools: Fact or Fiction? 297
e Grunion: Doing What Comes Naturally on the Beach 297

9.6 Can Tidal Power Be Harnessed as a Source of Energy? 299
Tidal Power Plants 299

Essential Concepts Review 301

10 BEACHES, SHORELINE PROCESSES, AND THE
COASTAL OCEAN 305

ESSENTIAL LEARNING CONCEPTS 305

10.1 How Are Coastal Regions Defined? 305
Beach Terminology 306 ¢ Beach Composition 306
10.2 How Does Sand Move on the Beach? 307
Movement Perpendicular to the Shoreline 307 © Movement Parallel to
the Shoreline 308
10.3 What Features Exist along Erosional and Depositional
Shores? 310
Features of Erosional Shores 310
DIVING DEEPER 10.1 OCEANS AND PEOPLE Warning: Rip Currents . . . Do You
Know What to Do? 312
Features of Depositional Shores 313
10.4 How Do Changes in Sea Level Produce Emerging and Submerging
Shorelines? 319
Features of Emerging Shorelines 320 e Features of Submerging
Shorelines 320 ¢ Changes in Sea Level 320
10.5 How Does Hard Stabilization Affect Coastlines? 322
Groins and Groin Fields 322 e Jetties 323 ¢ Breakwaters 324
e Seawalls 326 e Alternatives to Hard Stabilization 326



10.6 What are the Characteristics and Types of Coastal Waters? 328
Characteristics of Coastal Waters 328 e Estuaries 331
® Lagoons 335 ¢ Marginal Seas 336

10.7 What Issues Face Coastal Wetlands? 338
Types of Coastal Wetlands 338 e Characteristics of Coastal
Wetlands 340 e Serious Loss of Valuable Wetlands 340

Essential Concepts Review 342

11 MARINE POLLUTION 34/

ESSENTIAL LEARNING CONCEPTS 347

11.1 What Is Pollution? 347
Marine Pollution: A Definition 348 e Environmental Bioassay 348
® The Issue of Waste Disposal in the Ocean 349

11.2 What Marine Environmental Problems Are Associated with
Petroleum Pollution? 349
The 1989 Exxon Valdez Oil Spill 350 e Other Qil Spills 350

DIVING DEEPER 11.1 FOCUS ON THE ENVIRONMENT The 2010 Gulf of
Mexico Deepwater Horizon Qil Spill 352
11.3 What Marine Environmental Problems Are Associated with
Non-Petroleum Chemical Pollution? 356
Sewage Sludge 356 ¢ DDT and PCBs 357 ¢ Mercury and Minamata
Disease 359 e Other Types of Chemical Pollutants 360
11.4 What Marine Environmental Problems Are Associated with Non-
point Source Pollution, Including Trash? 362
Non-point Source Pollution and Trash 362 e Plastics as Marine
Debris 363
11.5 What Marine Environmental Problems Are Associated with
Biological Pollution? 367
The Seaweed Caulerpa taxifolia 367 © Zebra Mussels 368
e Other Notable Examples of Marine Biological Pollution 368
11.6 What Laws Govern Ocean Ownership? 368
Mare Liberum and the Territorial Sea 368 © Law of the
Sea 369

Essential Concepts Review 371

12 MARINE LIFE AND THE MARINE
ENVIRONMENT 375

ESSENTIAL LEARNING CONCEPTS 375

12.1 What Are Living Things, and How Are They Classified? 375
A Working Definition of Life 375 ® The Three Domains of Life 376
® The Six Kingdoms of Organisms 377 e Linnaeus and Taxonomic
Classification 378

12.2 How Are Marine Organisms Classified? 379
Plankton (Drifters) 380 e Nekton (Swimmers) 381 e Benthos (Bottom
Dwellers) 382

12.3 How Many Marine Species Exist? 383
Why Are There So Few Marine Species? 384 e Species in Pelagic and
Benthic Environments 384

12.4 How Are Marine Organisms Adapted to the Physical Conditions of
the Ocean? 385
Need for Physical Support 385 ¢ Water’s Viscosity 386
e Temperature 387 * Salinity 389 e Dissolved Gases 391
e Water’s High Transparency 392 e Pressure 394

Contents ix

DIVING DEEPER 12.1 HISTORICAL FEATURE Diving into the Marine
Environment 395
12.5 What Are the Main Divisions of the Marine Environment? 395
Pelagic (Open Sea) Environment 396 ¢ Benthic (Sea Bottom)
Environment 398

Essential Concepts Review 399

13 BIOLOGICAL PRODUCTIVITY AND ENERGY
TRANSFER 203

ESSENTIAL LEARNING CONCEPTS 403

13.1 What Is Primary Productivity? 403
Measurement of Primary Productivity 404 e Factors Affecting
Primary Productivity 404 e Light Transmission in Ocean
Water 406 ¢ Why Are the Margins of the Oceans So Rich
in Life? 408

13.2 What Kinds of Photosynthetic Marine Organisms Exist? 411
Seed-Bearing Plants (Anthophyta) 411 ¢ Macroscopic (Large)
Algae 411 e Microscopic (Small) Algae 413 ¢ Ocean Eutrophication
and Dead Zones 416 ¢ Photosynthetic Bacteria 418

13.3 How Does Regional Primary Productivity Vary? 419
Productivity in Polar (High Latitude) Oceans: 60 to 90 degrees
North and South Latitude 420 e Productivity in Tropical
(Low-Latitude) Oceans: O to 30 degrees North and South
Latitude 421 e Productivity in Temperate (Middle Latitude) Oceans:
30 to 60 degrees North and South Latitude 422 ¢ Comparing
Regional Productivity 424

13.4 How Are Energy and Nutrients Passed Along in Marine
Ecosystems? 424
Flow of Energy in Marine Ecosystems 424 e Flow of Nutrients in
Marine Ecosystems 425 ¢ Oceanic Feeding Relationships 426

13.5 What Issues Affect Marine Fisheries? 430
Marine Ecosystems and Fisheries 430 e Overfishing 430 e Incidental
Catch 432

DIVING DEEPER 13.1 FOCUS ON THE ENVIRONMENT Fishing down the Food
Web: Seeing Is Believing 433
Fisheries Management 435 e Effect of Global Climate Change on
Marine Fisheries 439 e Seafood Choices 440

Essential Concepts Review 441

14 ANIMALS OF THE PELAGIC ENVIRONMENT 445

ESSENTIAL LEARNING CONCEPTS 445

14.1 How Are Marine Organisms Able to Stay Above the Ocean Floor? 445
Use of Gas Containers 445 e Ability to Float 446 e Ability to
Swim 447 e The Diversity of Planktonic Animals 447
14.2 What Adaptations Do Pelagic Organisms Possess for Seeking
Prey? 452
Mobility: Lungers versus Cruisers 452 ¢ Swimming Speed 453

DIVING DEEPER 14.1 OCEANS AND PEOPLE Some Myths (and Facts) about
Sharks 454
Adaptations of Deep-Water Nekton 455
14.3 What Adaptations Do Pelagic Organisms Possess to Avoid Being

Prey? 456
Schooling 457 © Symbiosis 458 ¢ Other Adaptations 458



x Contents

14.4 What Characteristics Do Marine Mammals Possess? 459
Mammalian Characteristics 459 e Order Carnivora 460 © Order
Sirenia 462 ¢ Order Cetacea 462

14.5 An Example of Migration: Why Do Gray Whales Migrate? 472
Migration Route 472 e Reasons for Migration 472 ¢ Timing of
Migration 473 e Are Gray Whales an Endangered Species? 473
* Whaling and the International Whaling Commission 474

Essential Concepts Review 475

15 ANIMALS OF THE BENTHIC ENVIRONMENT 475

ESSENTIAL LEARNING CONCEPTS 479

15.1 What Communities Exist along Rocky Shores? 479
Intertidal Zonation 480 e The Spray (Supratidal) Zone: Organisms
and Their Adaptations 484 ¢ The High Tide Zone: Organisms and
Their Adaptations 484 ¢ The Middle Tide Zone: Organisms and
Their Adaptations 484 ¢ The Low Tide Zone: Organisms and Their
Adaptations 486

15.2 What Communities Exist along Sediment-Covered Shores? 487
Physical Environment of the Sediment 488 e Intertidal Zonation 488

e Sandy Beaches: Organisms and Their Adaptations 488 ¢ Mud Flats:

Organisms and Their Adaptations 489

15.3 What Communities Exist on the Shallow Offshore Ocean Floor? 490
Rocky Bottoms (Subtidal): Organisms and Their Adaptations 490
e Coral Reefs: Organisms and Their Adaptations 493

15.4 What Communities Exist on the Deep-Ocean Floor? 500

The Physical Environment 500 ® Food Sources and Species
Diversity 501 e Deep-Sea Hydrothermal Vent Biocommunities:
Organisms and Their Adaptations 501

DIVING DEEPER 15.1 RESEARCH METHODS IN OCEANOGRAPHY How Long

Would Your Remains Remain on the Sea Floor? 502

Low-Temperature Seep Biocommunities: Organisms and Their

Adaptations 507 ® The Deep Biosphere: A New Frontier 509

Essential Concepts Review 510

16 THE OCEANS AND CLIMATE CHANGE 515

ESSENTIAL LEARNING CONCEPTS 513
16.1 What Comprises Earth’s Climate System? 513

16.2 Earth’s Recent Climate Change: Is It Natural or Caused by Human
Influence? 516
Determining Earth’s Past Climate: Proxy Data and
Paleoclimatology 516 © Natural Causes of Climate Change 516
® The IPCC: Documenting Human-Caused Climate Change 520
16.3 What Causes the Atmosphere’s Greenhouse Effect? 523
Earth’s Heat Budget and Changes in Wavelength 523 ¢ Which Gases
Contribute to the Greenhouse Effect? 524

DIVING DEEPER 16.1 RESEARCH METHODS IN OCEANOGRAPHY The Iconic
Keeling Curve of Atmospheric Carbon Dioxide and the Father—Son Team Who
Created It 526
Other considerations: Aerosols 529 ¢ What Documented Changes Are
Occurring Because of Global Warming? 530
16.4 What Changes Are Occurring in the Oceans as a Result of Global
Warming? 531
Increasing Ocean Temperatures 531 e Changes in Deep-Water
Circulation 534 ¢ Melting of Polar Ice 534 ® Recent Increase in
Ocean Acidity 536 ¢ Rising Sea Level 539 e Other Predicted and
Observed Changes 540
16.5 What Should Be Done to Reduce Greenhouse Gases? 542
The Ocean’s Role in Reducing Global Warming 543 e Possibilities
for Reducing Greenhouse Gases 543 ¢ The Kyoto Protocol: Limiting
Greenhouse Gas Emissions 546

Essential Concepts Review 547

Afterword 550

Appendix | Metric and English Units Compared 554

Appendix Il Geographic Locations 558

Appendix Il Latitude and Longitude on Earth 560

Appendix IV A Chemical Background: Why Water Has Two Hs and One O
(Online as MasteringOceanography Bonus Web Content)

Appendix V. Careers in Oceanography 563

Glossary 566
Credits and Acknowledgments 586

Index 589



PREFACE

“The sea, once it casts its spell, holds one in its net of
wonder forever.”

—Jacques-Yves Cousteau, oceanographer, underwater
videographer, and explorer (circa 1963)

To the Student

Welcome! You're about to embark on a journey that is far from ordi-
nary. Over the course of this term, you will discover the central role
the oceans play in the vast global system of which you are a part.

This book’s content was carefully developed to provide a foun-
dation in science by examining the vast body of oceanic knowledge.
This knowledge includes information from a variety of scientific dis-
ciplines—geology, chemistry, physics, and biology—as they relate to

the oceans. However, no formal background in any of these disciplines
is required to successfully master the subject matter contained within
this book. Our desire is to have you take away from your oceanography
course much more than just a collection of facts. Instead, we want you
to develop a fundamental understanding of how the oceans work and
why the oceans behave the way that they do.

This book is intended to help you in your quest to know more
about the oceans. Taken as a whole, the components of the ocean—
its sea floor, chemical constituents, physical components, and life-
forms—comprise one of Earth’s largest interacting, interrelated, and
interdependent systems. Because human activities impact Earth sys-
tems, it is important to understand not only how the oceans operate
but also how the oceans interact with Earth’s other systems (such as its
atmosphere, biosphere, and hydrosphere) as part of a larger picture.
Thus, this book uses a systems approach to highlight the interdisci-
plinary relationships among oceanographic phenomena and how those
phenomena affect other Earth systems.

DIVING DEEPER PREFACE.1

A USER’S GUIDE FOR STUDENTS: HOW TO READ A SCIENCE TEXTBOOK

H ave you known someone who could scan a 2
reading assignment or sleep with it under
their pillow and somehow absorb all the infor-
mation? Studies have shown that those people
haven't really committed anything to long-term
memory. For most of us, it takes a focused,
concentrated effort to gain knowledge through
reading. Interestingly, if you have the proper
motivation and reading techniques, you can de- 4.
velop excellent reading comprehension. What is
the best way to read a science textbook such as
this one that contains many new and unfamiliar 5
terms?

One common mistake is to approach read-
ing a science textbook as one would read a
newspaper, magazine, or novel. Instead, many
reading instructors suggest using the SQ4R
reading technique, which is based on research
about how the brain learns. The SQ4R tech-
nique includes these steps:

sitting).

. Question: Have questions in mind when you
read. If you can't think of any good ques-
tions, use the chapter questions as a guide.

3. Read: Read flexibly through the chapter,
using short time periods to accomplish the
task one section at a time (not all in one

Recite: Answer the chapter questions.
Take notes after each section and review
your notes before you move on.

. (w)Rite: Write summaries and/or
reflections on what you've read. Write
answers to the questions in Step 2.

6. Review: Review the text using the
strategy in the survey step. Take the time
to review your end-of-section notes as
well as your summaries.

To help you study most effectively, this

throughout the chapter, review Concept Check
questions embedded at the end of each sec-
tion, and an Essential Concepts Review that
includes a chapter summary, study resources,
and critical thinking questions.

Here are some additional reading tips that
may seem like common sense but are often
overlooked:

e Don't attempt to do your reading when you
are tired, distracted, or agitated.

e Break up your reading into manageable sec-
tions. Don't save it all until the last minute.

e Take a short break if your concentration
begins to fade. Listen to music, call a
friend, have a snack, or drink some water.
Then return to your reading.

Remember that every person is different,
so experiment with new study techniques to
discover what works best for you. In addition,

1. Survey: Read the title, introduction, major
headings, first sentences, concept state-
ments, review questions, summary, and
study aids to become familiar with the
content in advance.

textbook includes many study aids that are de-
signed to be used with the SQ4R technique.
For example, each chapter includes a word
cloud of key terms, a list of learning objec-
tives that are tied to the Essential Concepts

being a successful student is hard work; it is
not something one does in his/her spare time.
With a little effort in applying the SQ4R read-
ing technique, you will begin to see a differ-
ence in what you remember from your reading.

Xi
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To that end—and to help you make the most of your study time—
we focused the presentation in this book by organizing the material
around three essential components:

1. CONCEPTS: General ideas derived or inferred from specific in-
stances or occurrences (for instance, the concept of density can
be used to explain why the oceans are layered)

2. PROCESSES: Actions or occurrences that bring about a result (for
instance, the process of waves breaking at an angle to the shore
results in the movement of sediment along the shoreline)

3. PRINCIPLES: Rules or laws concerning the functioning of natural
phenomena or mechanical processes (for instance, the principle
of sea floor spreading suggests that the geographic positions of
the continents have changed through time)

Interwoven within these concepts, processes, and principles are
hundreds of photographs, illustrations, real-world examples, and ap-
plications that make the material relevant and accessible (and maybe
sometimes even entertaining) by bringing science to life.

Ultimately, it is our hope that by understanding how the oceans
work, you will develop a new awareness and appreciation of all aspects
of the marine environment and its role in Earth systems. To this end,
the book has been written for you, a student of the oceans. So enjoy
and immerse yourself! You're in for an exciting ride.

Al Trujillo

To the Instructor

This twelfth edition of Essentials of Oceanography is designed to ac-
company an introductory college-level course in oceanography taught
to students who have no formal background in mathematics or sci-
ence. As in previous editions, the goal of this edition of the textbook
is to clearly present the relationships of scientific principles to ocean
phenomena in an engaging and meaningful way.

This edition has greatly benefited from being thoroughly reviewed
by hundreds of students who made numerous suggestions for im-
provement. Comments by former students about the book include, “I
have really enjoyed the oceanography book we’ve used this semester. It
had just the right mix of graphics, text, and user-friendliness that re-
ally held my interest,” and “What I really liked about the book is that
it’s a welcoming textbook—open and airy. You could almost read it at
bedtime like a story because of all the interesting pictures.”

This edition has been reviewed in detail by a host of instructors
from leading institutions across the country. Reviewers of the eleventh
edition described the text as follows: “Clean, sleek, easy-to-read text
with engaging photos, figures, text features, and animations/videos
that will “hook” students in and get them excited about the material,”
and “I think the text is very well put together. It does a nice job
presenting the material and supporting it with many pictures, illustra-
tions, and graphs. The text is well-organized and laid out in an easy-to-
use fashion. I would recommend this text to a colleague for teaching
Introductory Oceanography.”

In 2012, the tenth edition of Essentials of Oceanography received
a Textbook Excellence Award, called a “Texty,” from the Text and Aca-
demic Authors Association (TAA). The Texty award recognizes written
works for their excellence in the areas of content, presentation, ap-
peal, and teachability. The publisher, Pearson Education, nominated
the book for the award, and the textbook was critically reviewed by a
panel of expert judges.

The 16-chapter format of this textbook is designed for easy cover-
age of the material in a 15- or 16-week semester. For courses taught on
a 10-week quarter system, instructors may need to select those chap-
ters that cover the topics and concepts of primary relevance to their
course. Chapters are self-contained and can thus be covered in any
order. Following the introductory chapter (Chapter 1, which covers
the general geography of the oceans; a historical perspective of ocean-
ography; the reasoning behind the scientific method; and a discussion
of the origin of Earth, the atmosphere, the oceans, and life itself), the

DIVING DEEPER PREFACE.2

OCEAN LITERACY: WHAT SHOULD PEOPLE KNOW ABOUT THE OCEAN?

he ocean is the defining feature of our

planet. Accordingly, there is great interest
in developing ocean literacy, which means un-
derstanding the ocean’s influence on humans
as well as humans’ influence on the ocean. For
example, scientists and educators agree that
an ocean-literate person:

e Understands the essential principles
and fundamental concepts about the
functioning of the ocean.

e Can communicate about the ocean in a
meaningful way.

e |s able to make informed and responsible de-
cisions regarding the ocean and its resources.

To achieve this goal, ocean educators and
experts have developed the Seven Principles of
Ocean Literacy. The following ideas are what ev-
eryone—especially those who successfully pass
a college course in oceanography or marine sci-
ence—should understand about the ocean:

1. Earth has one big ocean with many
features.

2. The ocean and life in the ocean shape the
features of Earth.

3. The ocean is a major influence on weather
and climate.

4. The ocean makes Earth habitable.

5. The ocean supports a great diversity of life
and ecosystems.

6. The ocean and humans are inextricably
interconnected.

7. The ocean is largely unexplored.

This book is intended to help all people
achieve ocean literacy. For more information
about the Seven Principles of Ocean Literacy,
see http://oceanliteracy.wp2.coexploration.org/

(=] =
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four major academic disciplines of oceanography are represented in
the following chapters:

e Geological oceanography (Chapters 2—4 and Chapter 10)
e Chemical oceanography (Chapter 5 and Chapter 11)
* Physical oceanography (Chapters 6-9)
* Biological oceanography (Chapters 12-15)
e Interdisciplinary oceanography: Climate change (Chapter 16)
We strongly believe that oceanography is at its best when it links
together several scientific disciplines and shows how they are interre-
lated in the oceans. Therefore, this interdisciplinary approach is a key

element of every chapter, particularly Chapter 16, “The Oceans and
Climate Change.”

Reorganization of What’s New
in This Edition Section

Changes in this edition are designed to increase the readability,
relevance, and appeal of this book. Major changes include the following:

1. NEW! Hybridization of the Textbook

e Inclusion of more than 70 Web Animations from Pearson’s Geosci-
ence Animations Library, which include state-of-the-art computer
animations that have been created by Al Trujillo and a panel of
geoscience educators

* Addition of seven new Geoscience Animations that have been spe-
cifically designed for this edition to help students visualize some of
the most challenging oceanographic concepts:

e Formation of Earth’s Oceans (Chapter 1)

e How Salt Dissolves in Water (Chapter 5)

e Three Types of Breakers (Chapter 8)

e Effects of Elliptical Orbits (Chapter 9)

* Osmosis (Chapter 12)

* Feeding in Baleen Whales (Chapter 14)

e Latitude and Longitude on Earth (Appendix I1I)

e Inclusion of links to more than 50 hand-picked Web videos that
show important oceanographic processes in action

¢ Addition of QR codes embedded in the text that allow students to
use their mobile devices to link directly to MasteringOceanogra-
phy Animations, SmartFigures, SmartTables, and Web Videos

* Select Diving Deeper features have been migrated online to Mas-
teringOceanography as Bonus Web Content in an effort to reduce
the length of the text

* The addition in each chapter of a series of new SmartFigures
and SmartTables which provide a video explanation of difficult-
to-understand oceanographic concepts and numerical data by an
oceanography teaching expert

2. NEW! Content/Art Revisions

e A thoroughly updated Chapter 16 “The Oceans and Climate
Change,” including new information about ocean acidification, the
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most recent findings of the IPCC, five new “Students Sometimes
Ask ... ” features that address student misconceptions and
concerns regarding climate change, a new Diving Deeper Box
about the father-son team of Charles David and Ralph Keeling
who created and maintain the Keeling curve of atmospheric
carbon dioxide, an expanded discussion on the role of orbital
parameters in creating natural cycles of climate change, and a
new section on the effect of aerosols on global warming

* A redesigned and updated Chapter 13, “Biological Productiv-
ity and Energy Transfer,” including contributions by Dr. Angel
Rodriguez of Broward College in Florida highlighting issues of
fisheries sustainability

e A new name and focus for Chapter 11 “Marine Pollution,” which
reframes the chapter discussion along environmental themes

* Reorganization of Chapter 10, adding content about the properties
of the coastal ocean from Chapter 11 and renaming the chapter
“Beaches, Shoreline Processes, and the Coastal Ocean”

* Greater emphasis on the ocean’s role in Earth systems

* Addition of a revised word cloud at the beginning of each chapter
that uses different font sizes to show the most important vocabu-
lary terms within the chapter and directs students to the glossary
at the end of the book to discover the meaning of any terms they
don't already know

* A detailed list of specific chapter-by-chapter changes is available at
www2.palomar.edu/users/atrujillo.

3. NEW! Pedagogical Enhancements

* A stronger learning path that directly links the learning objec-
tives listed at the beginning of each chapter to the end-of-section
“Concept Checks,” which allow and encourage students to pause
and test their knowledge as they proceed through the chapter

e Addition of a new “Recap” feature that summarizes key points
throughout the text that making studying easier

* A new active learning pedagogy that divides chapter material
into easily digestible chunks, which makes studying easier and
assists student learning (cognitive science research shows that
the ability to “chunk” information is essential to enhancing
learning and memory)

* The addition of one or more “Give It Some Thought” assessment
questions to each “Diving Deeper” boxed feature

e The addition of a new “Climate Connection” icon that alerts
students to topics that are related to the overarching theme of the
ocean’s importance to global climate change

* A new multidisciplinary icon that flags content related to two or
more of the sub-disciplines in oceanography: geological oceanogra-
phy, chemical oceanography, physical oceanography, and biological
oceanography

e In all Essential Concept Review (end-of-chapter) materials, the
revision of existing “Critical Thinking Questions” and the addition
of new “Active Learning Exercise” questions that can be used for
in-class group activities

e Updating of information throughout the text to include some of
the most recent and critical developments in oceanography
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e Addition of an array of new “Students Sometimes Ask ... 7 ques-
tions throughout the book
* Diving Deeper features appearing in the book are organized
around the following four themes:
e HISTORICAL FEATURES, which focus on historical developments
in oceanography that tie into chapter topics
e RESEARCH METHODS IN OCEANOGRAPHY, which highlight how
oceanographic knowledge is obtained
e (OCEANS AND PEOPLE, which illustrate the interaction of
humans and the ocean environment

e FOCUS ON THE ENVIRONMENT, which emphasizes environmen-
tal issues that are an increasingly important component of
ocean studies

e All text in the chapters has been thoroughly reviewed and edited
by students and oceanography instructors in a continued effort to
refine the style and clarity of the writing

e In addition, this edition continues to offer some of the previous
edition’s most popular features, including the following:

e Scientifically accurate and thorough coverage of oceanography topics

e “Students Sometimes Ask ... ” questions, which present actual
student questions along with the authors” answers

* Use of the international metric system (Systéme International [ST]
units), with comparable English system units in parentheses

e Explanation of word etymons (etumon = sense of a word) as new
terms are introduced, in an effort to demystify scientific terms by
showing what the terms actually mean

* Use of bold print on key terms, which are defined when they are
introduced and are described in the glossary

* A reorganized “Essential Concepts Review” summary at the end of
each chapter

e MasteringOceanography, which features chapter-specific Essential
Concepts, eText, Bonus Web Content, Geoscience Animations,
Web Videos, Web Destinations, and two Test Yourself quiz
modules

4. NEW! Squidtoons

* A new, comic-styled Squidtoons cartoon in each chapter; created by
a team of graduate students at Scripps Institution of Oceanography
in California, each Squidtoons highlights an important marine
organism relevant to the chapter’s content; the cartoon links to a
poster-like presentation that uses engaging graphics and humor to
discuss interesting aspects of each creature

For the Student

o MASTERINGOCEANOGRAPHY delivers engaging, dynamic learning

opportunities—focused on course objectives and responsive
to each students progress—that are proven to help students
absorb course material and understand difficult concepts.
MasteringOceanography and MyLab & Mastering are customized
learning resources that include:

e Student Study Area, which is designed to be a one-stop resource

for students to acquire study help and serve as a launching pad

for further exploration. Content for the site was written by au-

thor Al Trujillo and is tied, chapter-by-chapter, to the text. The

Student Study Area is organized around a four-step learning

pathway:

1. Review, which contains Essential Concepts as learning
objectives

2. Read, which contains the eText and Bonus Web Content

3. Visualize, which contains Geoscience Animations, Web
Videos, and Web Destinations. Geoscience Animations
were created by a team of geoscience educators and include
an array of more than 70 visualizations that help students
understand complex oceanographic concepts and processes
by allowing the user to control the action. For example,
students can fully examine how an animation develops by
replaying it, controlling its pace, and stopping and starting
the animation anywhere in its sequence. In order to facili-
tate effective study, Al Trujillo has written an accompanying
narration and assessment quiz questions including hints
and specific wrong-answer feedback for each animation.
Web Videos include more than 50 hand-selected short
video clips of oceanographic processes in action. Web
Destinations include links to some of the best oceanogra-
phy sites on the Web.

4. Test Yourself, which contains three Test Yourself modules,
including multiple-choice and true/false, multiple-answer,
and image-labeling exercises. Answers, once submitted, are
automatically graded for instant feedback.

* RSS Feeds, which allow students to subscribe and stay up-to-
date on oceanographic discoveries
* Study Tools such as flashcards and a searchable online glossary
to help make the most of students’ study time
* THE PEARSON eTEXT gives students complete access to a digital ver-
sion of the text whenever and wherever you have access to the
Internet. eText pages look exactly like the printed text, offering
powerful new portability and functionality.

For the Instructor

e MASTERINGOCEANOGRAPHY: CONTINUOUS LEARNING BEFORE, DURING,
AND AFTER CLASS MasteringOceanography is an online homework,
tutorials, and assessments program designed to improve results by
helping students quickly master oceanography concepts. Students
will benefit from self-paced tutorials that feature immediate
wrong-answer feedback and hints that emulate the office-hour
experience to help keep them on track. With a wide range of
interactive, engaging, and assignable activities, students will be
encouraged to actively learn and retain tough course concepts:

e SmartFigures and SmartTables, which are short instructional
videos that examine and explain the most important concepts
illustrated by the figure or data table. With nearly 100 of
these SmartFigures/SmartTables inside the text, students
can stop, pause, and replay the videos multiple times to help
them learn about important concepts and real oceanographic
data.



e Mobhile Interactive Geoscience Animations, which include more
than 70 Geoscience Animations of difficult-to-understand
concepts that are embedded throughout the text using mobile-

friendly QR codes
* GeoTutors, which coach students through difficult concepts

* Encounter Oceans Activities, which provide interactive explora-
tions of oceanography concepts using Google Earth™. Stu-
dents work through the activities in Google Earth and then
test their knowledge by answering the assessment questions,
which include hints and specific wrong-answer feedback.

e Geoscience Animations, which illuminate the most difficult-to-
understand topics in oceanography and were created by an
expert team of geoscience educators. The animation activi-
ties include audio narration, a text transcript, and assign-
able multiple-choice questions with specific wrong-answer

feedback.

e Dynamic Study Modules, which help students study effectively on
their own by continuously assessing their activity and perfor-
mance in real time. Here’s how it works: Students complete
a set of questions with a unique answer format that also asks
them to indicate their confidence level. Questions repeat un-
til the student can answer them all correctly and confidently.
Once completed, Dynamic Study Modules explain the concept
using materials from the text. These are available as graded
assignments prior to class, and accessible on smartphones, tab-
lets, and computers.

e Learning Catalytics™, which are an interactive student response
tool that uses students’ smartphones, tablets, or laptops to
engage them in more sophisticated tasks and thinking. Now
included with MyLab & Mastering and eText, Learning Cata-
lytics™ enables you to generate classroom discussion, guide
your lecture, and promote peer-to-peer learning with real-time
analytics.

* STUDENT PERFORMANCE ANALYTICS MasteringOceanography allows
an instructor to gain easy access to information about student
performance and their ability to meet student learning outcomes.
Instructors can quickly add their own learning outcomes, or use
publisher-provided ones, to track student performance.

e INSTRUCTOR MANUAL (DOWNLOAD ONLY) This resource contains leaming
objectives, chapter outlines, answers to embedded end-of-section
questions, and suggested teaching tips to spice up your lectures.

o TESTGEN® COMPUTERIZED TEST BANK (DOWNLOAD ONLY) This resource
is a computerized test generator that lets instructors view and edit
Test Bank questions, transfer questions to tests, and print the test
in a variety of customized formats. The Test Bank includes over
1200 multiple-choice, matching, and short-answer/essay questions.
All questions are tied to the chapter’s learning outcomes, include
a rating based on Bloom’s taxonomy of learning domains (Bloom’s
1-6) and contain the section number in which each question’s an-
swer can be found.

 INSTRUCTOR POWERPOINT® PRESENTATIONS (DOWNLOAD ONLY) Instruc-
tor Resource Materials include the following three PowerPoint®
files for each chapter so that you can cut down on your preparation
time, no matter what your lecture needs:
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1. EXCLUSIVELY ART: This file provides all the photos, art, and
tables from the text, in order, loaded into PowerPoint® slides.

2. LECTURE OUTLINE: This file averages 50 PowerPoint® slides per
chapter and includes customizable lecture outlines with sup-
porting art.

3. CLASSROOM RESPONSE SYSTEM (CRS) QUESTIONS: Authored
for use in conjunction with classroom response systems,
this PowerPoint® file allows you to electronically poll your
class for responses to questions, pop quizzes, attendance,
and more.

For more information about these instructor resources, contact your
Pearson textbook representative.
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DYNAMIC VISUALS AND INTEGRATED MEDIA
BRING OCEANOGRAPHY TO LIFE

Highly visual and interactive tools make oceanography approachable,
enabling students to see oceanographic processes in action.

N EV\/| SmartFigures and SmartTables are 3- to
4-minute mini video lessons containing explanations
of difficult-to-understand oceanographic concepts and
numerical data directed by an oceanography teaching
expert and NASA Science Communicator. By scanning
the accompanying QR code, or typing in the short
URL, students now have a multitude of ways to learn
from art and data tables, all designed to teach.

5.1 Squidtoons

N EV\/| Squidtoons, a comic-styled call-out created by a team
of graduate students at Scripps Institution of Oceanography in
California, are featured in each chapter. These infographics highlight
an important marine organism related to each chapter’s content
. using graphical representation to display recent discoveries by
M\[ b,lg tooth researchers in an interesting and captivating manner. By scanning

. Isa the associated QR code or typing in the short URL in the text,
salinometert! students will be taken to the digital space to view the full cartoon.

https://goo.gl/kbHv7K «

N EW' Enhanced illustration program, with new art incorporating
the research-proven technique of strategically placing annotations and
labels within the key figures, allows students to focus on the most
relevant visual information and helps them interpret complex art.
Overall, nearly 90% of the entire book’s artwork has been updated or is
new, including new figures that provide visual summaries of essential
processes and concepts.

‘Scale varies; vertical scale.

oreatly compressed




ESSENTIAL ELEMENTS FORM A
PATH TO SUCCESSFUL LEARNING

Each chapter is organized into easily digestible chunks, making studying easier and
assisting student learning. Chapter material begins with learning goals and ends with
assessment questions tied to those learning goals. The end-of-chapter material is also
organized by the chapter's sections, helping students remain focused on the essential

concepts throughout the chapter.

Plate Tectonics -
and the Ocean Floor . .
Each chapter opens with a list of

e Eee— learning objectives called Essential
: & = Learning Concepts, which provide
e a roadmap to the chapter. Each
faracn sk - chapter section focuses on one

: main Essential Concept.

CONCEPT CHECK 2.1 | Fualuste the evidence that supports cantinental drift

1 When dig the supercontinent of 3 Cite the lines of evidence Alfred
Concept Check questions at the end of vl =biofaisames el o g g imtani RECAP
each section are designed to let students 2 Regaraing glacial ages, why Is it g;_:j?maoummcmnmmm The Coriolis effect causes moving objects to curve to the
. . . unifkety that the entire world was cov- right in the Northern Hemisphere and to the left in the
CheCk thEIr underStandmg Of the Essentlal i R 1 i Southern Hemisphere. It is at its maximum at the poles and is
Learning Concept. By stopping and nonexistent at the equator.

answering questions, students ensure that |

they have a thorough understanding of key
points before moving on to the next section.

N EW' A Recap feature now appears throughout
each chapter, summarizing essential concepts. This is
a great tool for directing students' study and review.

1 the Ocean Floor

78 cunrteRz Plate Tectonics and the
ESSENTIAL CONCEPTS REVIEW
2.1 What o

Each chapter ends with the Essential
Concepts Review, which simplifies the study
process. Also organized by section, this review
highlights a key figure from the chapter and
provides a summary of the chapter’s key
concepts. It also includes study resources,
Critical Thinking Questions, and NEW! Active
Learning Exercises.




TURNING INTEREST INTO ENGAGEMENT

Everyday topics in a real world context help students relate oceanography
to their lives while engaging them in how oceanography is studied.

N EW' Climate Connection: This Kt Intf_r.t_nsr:iplmary N EW' Interdisciplinary Relationship: This

.

icon shows how various sections of the u {q o !) icon shows how various sections of the text relate

. h2) 7 . o 3
text relate to the overarching theme of to two or more sub-disciplines in oceanography:
the importance of Earth’s oceans to geological oceanography, biological oceanography,
global climate change. Connection Relationship physical oceanography, and chemical oceanography.
RESEARCH METHODS IN OCEANOGRAPHY
o
USING MOVING s =
CONTINENTS TO e e =
RESOLVE AN APPARENT 8

DILEMMA: DID EARTH _
EVER HAVE TWD o
WANDERING NORTH
MAGNETIC POLEST .

RESEARCH METHODS IN OCEANOGRAPHY

o~

™ NOW YOU SEE IT, NOW

& YOU DON'T: RECOVER- L

@ ING OCEANOGRAPHIC

Wl EQUIPMENT STUCK IN <= o . A

BIVE 1T 2OME T g LA - " = . b I oo i i e iy . F

ol e O Amsnmmmims Tmoimm S The new edition includes

e T o a variety of Diving Deeper

features, including Historical

! Features, Research Methods in

e camemmime rmemensee B Qceanography, Oceans and People,

TS T e © and Focus on the Environment.

! These features foster multi-

*  dimensional understanding with

' captivating examples and stories.

p Each Diving Deeper feature now
includes one or more “Give It Some
Thought” assessment questions.

r e

’ The popular Students Sometimes Ask features answer often

entertaining questions posed by real students.

STUDENTS SOMETIMES ASK . . .

What happened to the recent Malaysian Airlines
flight that vanished after takeoff?

JCEANS AND PEOPLE

DIATOMS: THE MOST " v, g . o o
IMPORTANT THINGS i, S s Ay o
YOU HAVE (PROBABLY)  + s el -
NEVER HEARD OF oy

BIVE IT SOME THOUSKT

't 434330 ONIAIG

t's still a mystery. Malaysian Airlines flight MH370 went miss-

ing on March &, 2014, while in route from Kuala Lumpur,
Malaysia to Beijing, China. Satellite communications suggest
that the flight veered south and ended up running out of fuel
and crash-landing in the Indian Ocean west of Australia. Unfor-
tunately, the suspected area of the crash is large, remote, and
deep, and the region’s rugged sea floor is very poorly explored,
all of which has hampered recovery efforts. In the daysyfollowi

, pe ;




CONTINUOUS LEARNING
BEFORE, DURING, AND AFTER CLASS
WITH MasteringOceanography™

MasteringOceanography delivers engaging, dynamic learning

opportunities—focusing on course objectives and responsive to Mastering

Continuously

each student’s progress—that are proven to help students absorb o (G Adape

) ) - -~ aptive
oceanography course materials and understand challenging
physical processes and oceanography concepts.

DYNAMIC STUDY MODULES AND ETEXT 2.0 PROVIDE
BEFORE CLASS STUDENTS WITH A PREVIEW OF WHAT’S TO COME.

PEARSON

N EW' Dynamic Study Modules enable
students to study effectively on their own in
an adaptive format. Students receive an ini-
tial set of questions with a unique answer for-
mat asking them to indicate their confidence.
Once completed, Dynamic Study Modules
include explanations using material taken
directly from the text.

vement of Water Through

the: Atmosphere

N EWI Interactive eText 2.0 comes complete with
embedded media and is both mobile friendly and
ADA accessible.

e Now available on smartphones and tablets.

e Seamlessly integrated videos and other rich media.

e Fully accessible (screen-reader ready).

e Configurable reading settings, including resizable type
and night reading mode.

e Facilitates instructor and student note-taking,
highlighting, bookmarking, and search.




DURING CLASS ENGAGE STUDENTS WITH LearningCatalytics

learning |catalytics”

Cusstinn 88003

N EWI LearningCatalytics, a “bring your own
device” student engagement, assessment, and
classroom intelligence system (PRS), allows
students to use their smartphone, tablet, or
laptop to respond to questions in class without
the need for a “clicker.”

HELPING STUDENTS VISUALIZE OCEANOGRAPHY
AFTER CLASS CONCEPTS THAT CAN BE EASILY ASSIGNABLE.

N EW' The following 7 geoscience
animations have been specifically designed
for this edition:

e Formation of Earth's Oceans

e How Salt Dissolves in Water

e Three Types of Breakers

e Effects of Elliptical Orbits

| Eddies e Osmosis

e Feeding in Baleen Whales

e |Latitude and Longitude on Earth

More than 70 geoscience animations are
associated with the text, and all include audio
narration, a text transcript, and assignable Tidal bilgés folow ha Moon
multiple-choice questions with specific wrong-
answer feedback in Mastering.

Select key animations have been refreshed
and made compatible for Mastering and
mobile devices.




MasteringOceanography™ HELPS STUDENTS LEARN...

Downcoast

... causing a zig-zag longshore current
of water in the surf zone...

approach
the beach
atan angle..

... and an associated
longshore transport

of sand.

N EW' SmartTables are engaging tutorial
videos that explain the relevance of the real
data found in tables within the textbook.
Paired with other assessments in Mastering,
these become assignable and assessable
learning objects that allow students to
interpret real data sets.

N EV\/| SmartFigures bring key chapter
illustrations to life! These videos are accessible
on mobile devices via scannable Quick Response
(QR) codes printed in the text and through the
Study Area in MasteringOceanography. Paired
with other assessments in Mastering, these videos
become assignable and assessable learning
objects that can either prepare students for
lecture or assess what they have learned.
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GeoTutor Coaching Activities are based
on data collected from educators across
the country and address the topics most
frequently ranked as tough for students
to understand. These activities guide

| students towards mastery of these topics,
‘ using highly visual, kinesthetic, and

' interactive activities.




...AND MASTER THE SCIENCE OF OCEANOGRAPHY

bl — =

| B0 i geew Bewh Add e
¥ Sewch

. Qoo Pe s r _ ——|
== _ st ®
Wy v, P R ¥ 4 e Encounter Activities provide

.' : rich, interactive explorations of
Oceanography concepts using the

‘ dynamic features of Google Earth™ to

| visualize and explore Earth’s Oceans.
J Dynamic assessment includes multiple-
[ choice and short-answer questions
\ related to core geology concepts. All
' explorations include corresponding
€ media files, and questions include hints
< and specific wrong-answer feedback to
[ help coach students towards mastery of
g the concepts.

oI

Student Study Area Resources in MasteringOceanography include:

e Practice quizzes

e |nteractive Animations

e QOceanography Videos—A series of studio demo and field segment
videos created by author Al Trujillo; most of the studio demos were
created as 2-part interactive videos and the field segments show
real oceanographic processes in action.

e Web Video links

e RSS Feeds from ScienceDaily and Scientific American

Learning Outcomes: All of the

MasteringOceanography assignable

content is tagged to book content.

— J Instructors also have the ability to

' add their own learning outcomes

t to assessments and keep track of

' student performance relative to those

s o s learning outcomes. Mastering offers

< a data-supported measure to quantify
students’ learning gains and to share

— those results quickly and easily with

colleagues and administrators.




The blue marble, next generation. This composite image of satellite data shows Earth’s interrelated atmosphere,
oceans, and land—including human presence. Its various layers include the land surface, sea ice, ocean, cloud
cover, city lights, and the hazy edge of Earth’s atmosphere.



Introduction To
Planet “Earth”

he oceans® are the largest and most prominent feature on Earth. In fact, they

are the single most defining feature of our planet. As viewed from space, our
planet is a beautiful blue, white, and brown globe (see this chapter’s opening photo).
The abundance of liquid water on Earth’s surface is a distinguishing characteristic
of our home planet.

Yet it seems perplexing that our planet is called “Earth” when 70.8% of
its surface is covered by oceans. Many early human cultures that lived near the
Mediterranean (medi = middle, terra = land) Sea envisioned the world as being
composed of large landmasses surrounded by marginal bodies of water. From their
viewpoint, landmasses—not oceans—dominated the surface of Earth. How sur-
prised they must have been when they ventured into the larger oceans of the world.
Our planet is misnamed “Earth” because we live on the land portion of the planet.
If we were marine animals, our planet would probably be called “Ocean,” “Water,”
“Hydro,” “Aqua,” or even “Oceanus” to indicate the prominence of Earth’s oceans.
Let’s begin our study of the oceans by examining some of the unique geographic
characteristics of our watery world.

1.1 How Are Earth’s Oceans Unique?

In all of the planets and moons in our solar system, Earth is the only one that has
oceans of liquid water on its surface. No other body in the solar system has a con-
firmed ocean, but recent satellite missions to other planets have revealed some
tantalizing possibilities. For example, the spidery network of fluid-filled cracks on
Jupiter’s moon Europa (Figure 1.1) almost certainly betrays the presence of an ocean
of liquid water beneath its icy surface. In fact, a recent analysis of the icy blocks that
cover Europa’s surface indicates that the blocks are actively being reshaped in a pro-
cess analogous to plate tectonics on Earth. Two other moons of Jupiter, Ganymede
and Callisto, may also have liquid oceans of water beneath their cold, icy crust. Yet
another possibility for a nearby world with an ocean beneath its icy surface is Sat-
urn’s tiny moon Enceladus, which displays geysers of water vapor and ice that have

The most commonly used words in this chapter are shown by larger font sizes in this word cloud, which
is a visual aid for identifying important terms. Look for word clouds of important vocabulary terms on
the opening page of each chapter throughout this book.

2Note that all bolded words are key vocabulary terms that are defined in the glossary at the end of

this book.

Enntmentall\lggﬂg DE"SItU

Lihogphere Laiudemas

Viscosity Dgeanig Grust"“ggg"“m
Density Stratification gt ssmen

Care Basalt Oean,

Outgassing
Before you begin reading this chapter, use the
glossary at the end of this book to discover the
meanings of any of the words in the word cloud
above you don't already know.!

ESSENTIAL LEARNING CONCEPTS

At the end of this chapter, you should be able to:

1.1 Compare the characteristics of
Earth’s oceans.

1.2 Discuss how early exploration of the oceans
was achieved.

1.3 Explain why oceanography is considered an
interdisciplinary science.

1.4 Describe the nature of scientific inquiry.

1.5 Explain how Earth and the solar
system formed.

1.6 Explain how Earth’s atmosphere and
oceans formed.

1.7 Discuss why life is thought to have originated
in the oceans.

1.8 Demonstrate an understanding of how old
Earth is.

“When you’re circling the Earth every
90 minutes, what becomes clearest is that
it's mostly water; the continents look like
they’re floating objects.”

—Loren Shriver, NASA astronaut (2008)



4 CHAPTER 1 Introduction To Planet “Earth”

Figure 1.1 Jupiter’s moon Europa. Europa’s network of dark
fluid-filled cracks suggests the presence of an ocean beneath
its icy surface.

STUDENTS SOMETIMES ASK . . .

I've heard of the discovery of other planets outside
of our solar system. Could any of them contain life?

utside our solar system, more than 2000 exoplanets

have been discovered orbiting other star systems,
including a few rocky exoplanets that are Earth-sized and
may be orbiting their Sun-like stars at just the right dis-
tance for water to remain liquid, potentially sustaining life.
Astronomers are able to detect if these exoplanets have water
or not by analyzing specific frequencies of light. New dis-
coveries of exoplanets are a frequent occurrence, suggesting
that there could be hundreds to billions of Earth-like worlds
in the vastness of the galaxy. However, most of these exo-
planets are many light-years away, so we may never know if
any of them harbor life.

€\ ,.
1.1 Squidtoons S

How does the _
manta ray feed?
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And what’s

https://goo.gl/xwUwNX

recently been analyzed and, remarkably, contain salt. Recent analysis of the gravity
field of Enceladus suggests the presence of a 10-kilometer (6.2-mile) deep saltwa-
ter ocean beneath a thick layer of surface ice. Also contained in the geysers icy
spray are tiny mineral grains, and in 2015 analysis of these particles indicated that
the dust-sized grains likely form when hot, mineral-laden water from the moon’s
rocky interior travels upward, coming into contact with cooler water. This evidence
of subsurface hydrothermal activity is reminiscent of underwater hot springs in the
deep oceans on Earth, a place that may have been key to the development of life on
Earth. And evidence continues to mount that Saturn’s giant moon Titan has small
seas of liquid hydrocarbons, suggesting that Titan may be the only other body in
the solar system besides Earth known to have stable liquid at its surface. All these
moons are enticing targets for space missions to search for signs of extraterrestrial
life. Still, the fact that our planet has so much water, and in the liquid form, is
unique in the solar system.

Earth’s Amazing Oceans

Earth’s oceans have had a profound effect on our planet and continue to shape our
planet in critical ways. The oceans are essential to all life-forms and are in large part
responsible for the development of life on Earth, providing a stable environment in
which life could evolve over billions of years. Today, the oceans contain the great-
est number of living things on the planet, from microscopic bacteria and algae to
the largest life-form alive today (the blue whale). Interestingly, water is the major
component of nearly every life-form on Earth, and our own body fluid chemistry is
remarkably similar to the chemistry of seawater.

The oceans influence climate and weather all over the globe—even in con-
tinental areas far from any ocean—through an intricate pattern of currents and
heating/cooling mechanisms, some of which scientists are only now beginning to
understand. The oceans are also the “lungs” of the planet, taking carbon dioxide gas
out of the atmosphere and replacing it with oxygen gas. Scientists have estimated
that the oceans supply as much as 70% of the oxygen that humans breathe.

The oceans determine where our continents end and have thus shaped politi-
cal boundaries and human history. The oceans conceal many features; in fact, the
majority of Earth’s geographic features are on the ocean floor. Remarkably, there
was once more known about the surface of the Moon than about the floor of the
oceans! Fortunately, our knowledge of both has increased dramatically over the past
several decades.

The oceans also hold many secrets waiting to be discovered, and new scientific
discoveries about the oceans are made nearly every day. The oceans are a source
of food, minerals, and energy that remains largely untapped. More than half of the
world population lives in coastal areas near the oceans, taking advantage of the mild
climate, an inexpensive form of transportation, proximity to food resources, and vast
recreational opportunities. Unfortunately, the oceans are also the dumping ground
for many of society’s wastes. In fact, the oceans are currently showing alarming
changes caused by pollution, overfishing, invasive species, and climate change, among
other things. All of these and many other topics are contained within this book.

How Many Oceans Exist on Earth?

The oceans are a common metaphor for vastness. When one examines a world map
(Figure 1.2), it’s easy to appreciate the impressive extent of Earth’s oceans. Notice that
the oceans dominate the surface area of the globe. For those people who have trav-
eled by boat across an ocean (or even flown across one in an airplane), the one thing
that immediately strikes them is that the oceans are enormous. Notice, also, that the
oceans are interconnected and form a single continuous body of seawater, which is
why the oceans are commonly referred to as a “world ocean” (singular, not plural).
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For instance, a vessel at sea can travel
from one ocean to another, whereas
it is impossible to travel on land from

1.1 How Are Earth’s Oceans Unique?

_...--The Arctic Ocean is ...
the smallest and
shallowest ocean.
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PACIFIC OCEAN The Pacific Ocean is the world’s largest ocean, covering more
than half of the ocean surface area on Earth (Figure 1.4b). The Pacific Ocean
is the single largest geographic feature on the planet, spanning more than one-
third of Earth’s entire surface. The Pacific Ocean is so large that all of the con-
tinents could fit into the space occupied by it—with room left over! Although
the Pacific Ocean is also the deepest ocean in the world (Figure 1.4c), it contains
many small tropical islands. It was named in 1520 by explorer Ferdinand Magel-
lan’s party in honor of the fine weather they encountered while crossing into the
Pacific (paci = peace) Ocean.

ATLANTIC OCEAN The Atlantic Ocean is about half the size of the Pacific Ocean
and is not quite as deep (Figure 1.4c). It separates the Old World (Europe, Asia, and
Africa) from the New World (North and South America). The Atlantic Ocean was
named after Atlas, who was one of the Titans in Greek mythology.

INDIAN OCEAN The Indian Ocean is slightly smaller than the Atlantic Ocean and
has about the same average depth (Figure 1.4c). It is mostly in the Southern Hemi-
sphere (south of the equator, or below 0 degrees latitude in Figure 1.2). The Indian
Ocean was named for its proximity to the subcontinent of India.

ARCTIC OCEAN The Arctic Ocean is about 7% the size of the Pacific Ocean and
is only a little more than one-quarter as deep as the rest of the oceans (Figure 1.4c).
Although it has a permanent layer of sea ice at the surface, the ice is only a few me-
ters thick. The Arctic Ocean was named after its location in the Arctic region, which
exists beneath the northern constellation Ursa Major, otherwise known as the Big
Dipper, or the Bear (arktos = bear).

SOUTHERN OCEAN, OR ANTARCTIC OCEAN Oceanographers recognize an
additional ocean near the continent of Antarctica in the Southern Hemisphere
(Figure 1.2). Defined by the meeting of currents near Antarctica called the
Antarctic Convergence, the Southern Ocean, or Antarctic Ocean, is really
the portions of the Pacific, Atlantic, and Indian Oceans south of about 50
degrees south latitude. This ocean was named for its location in the Southern
Hemisphere.

o » SOUTHERN OCEAN s o0

Antarctic Circle
S s

£
ANTARCTICA

The Southern Ocean surrounds Antarctica; its boundary
is defined by the Antarctic Convergence.

SmartFigure 1.2 Earth’s oceans. Map
showing the four principal oceans plus the Southern
Ocean, or Antarctic Ocean.
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arth’s water
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Figure 1.3 Relative sizes of the spheres of water on Earth.
This image shows all of Earth’s liquid water using three blue spheres
of proportional sizes. The big sphere is all liquid water in the world,
97% of which is seawater. The next smallest sphere represents a
subset of the larger sphere, showing freshwater in the ground, lakes,
swamps, and rivers. The tiny speck below it represents an even
smaller subset of all the water—just the freshwater in lakes and rivers.

RECAP

The four principal oceans are the Pacific, Atlantic, Indian, and
Arctic Oceans. An additional ocean, the Southern Ocean, or
Antarctic Ocean, is also recognized.
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Oceans versus Seas

What is the difference between an ocean and a sea? In common use, the terms sea and
ocean are often used interchangeably. For instance, a sea star lives in the ocean, the
ocean is full of sea water, sea ice forms in the ocean, and one might stroll the sea shore
while living on ocean-front property. Technically, however, a sea is defined as follows:

* Smaller and shallower than an ocean (this is why the Arctic Ocean might be
more appropriately considered a sea)

e Composed of salt water (although some inland “seas,” such as the Caspian Sea
in Asia, are actually large lakes with relatively high salinity)


http://goo.gl/kAo8FC
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Figure 1.5 Map of the ancient seven seas. This map represents the extent of the known world
to Europeans before the 15th century.

e Somewhat enclosed by land (although some seas, such as the Sargasso Sea

in the Atlantic Ocean, are defined by strong ocean currents rather than STUDENTS SOMETIMES ASK . ..

by land)
* Directly connected to the world ocean Where are the seven seas?
£ £Sailing the seven seas” is a familiar phrase in literature
and song, but the origin of the saying is shaded in
antiquity. To the ancients, the term “seven” often
meant “many,” and before the 15th century, Europeans

considered these the main seas of the world (Figure 1.5):

COMPARING THE OCEANS TO THE CONTINENTS Figure 1.4d shows that the

average depth of the world’s oceans is 3682 meters® (12,080 feet). This means that

there must be some extremely deep areas in the ocean to offset the shallow areas

close to shore. Figure 1.4d also shows that the deepest depth in the oceans (the

Challenger Deep region of the Mariana Trench, which is near Guam) is a staggering 1. The Red Sea

11,022 meters (36,161 feet) below sea level. . The Mediterranean Sea
How do the continents compare to the oceans? Figure 1.4d shows that the The Persian Gulf

average height of the continents is only 840 meters (2756 feet), illustrating that The Black S

the average height of the land is not very far above sea level. The highest mountain - 1he black >ea

in the world (the mountain with the greatest height above sea level) is Mount Everest - The Adriatic Sea

in the Himalaya Mountains of Asia, at 8850 meters (29,035 feet). Even so, Mount . The Caspian Sea

Everest is a full 2172 meters (7126 feet) shorter than the Mariana Trench is deep. . The Indian Ocean (notice how “ocean” and “sea” are

The mountain with the greatest total height from base to top is Mauna Kea on the is- used interchangeably)

land of Hawaii in the United States. It measures 4206 meters (13,800 feet) above sea

level and 5426 meters (17,800 feet) from sea level down to its base, for a total height

of 9632 meters (31,601 feet). The total height of Mauna Kea is 782 meters (2566 feet)

higher than Mount Everest, but it is still 1390 meters (4560 feet) shorter than the

Mariana Trench is deep. Therefore, no mountain on Earth is taller than the Mariana

Trench is deep.

N O oA WDN

Today, however, more than 100 seas, bays, and gulfs
are recognized worldwide, nearly all of them smaller
portions of the huge interconnected world ocean.

3Throughout this book, metric measurements are used (and the corresponding English measurements
follow in parentheses). See Appendix I, “Metric and English Units Compared,” for conversion factors
between the two systems of units.
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STUDENTS SOMETIMES ASK ...

Have humans ever explored the deepest ocean
trenches? Could anything live there?

H umans have indeed visited the deepest part of the
oceans—where there is crushing high pressure, com-
plete darkness, and near-freezing water temperatures—and
they first did so over half a century ago! In January 1960,
U.S. Navy Lt. Don Walsh and explorer Jacques Piccard
descended to the bottom of the Challenger Deep region of
the Mariana Trench in the Trieste, a deep-diving bathyscaphe
(bathos = depth, scaphe = a small ship) (Figure 1.6). At
9906 meters (32,500 feet), the men heard a loud cracking
sound that shook the cabin. They were unable to see that a
7.6-centimeter (3-inch) Plexiglas viewing port had cracked
(miraculously, it held for the rest of the dive). More than
five hours after leaving the surface, they reached the bot-
tom, at 10,912 meters (35,800 feet)—a record depth for

human descent. They did observe some small organisms Figure 1.6 The U.S. Navy’s bathyscaphe Trieste. The Trieste suspended on a crane before its
that are adapted to life in the deep: a flatfish, a shrimp, and record-setting deep dive in 1960. The 1.8-meter (6-foot) diameter diving chamber (the round balll
some jellies. below the float) accommodated two people and had steel walls 7.6 centimeters (3 inches) thick.

In 2012, film icon James Cameron made a historic solo
dive to the Mariana Trench in his submersible DEEPSEA
CHALLENGER (Figure 1.7). On the seven-hour round-trip
voyage, Cameron spent about three hours at the deepest spot
on the planet to take photographs and collect samples for
scientific research. Other notable voyages to the deep ocean
in submersibles are discussed in MasteringOceanography
Web Diving Deeper 1.3.

RECAP

e deepest part of the ocean is the Mariana Trench in the Pacific igure 1.7 James Cameron emerges from the submersible
The deepest part of th the M T h in the Pacif F 1.7 J C fi h b ble DEEPSEA CHALLENGER
. . after his solo dive to the Mariana Trench. In 2012, famous moviemaker James Cameron
Ocean. It is 11,022 meters (36,161 feet) deep and has been visited completed a record-breaking solo dive to the bottom of the Mariana Trench, becoming only
only twice umans: once in and more recently in . the third human to visit the deepest spot on Earth.
Iyt by h 1960 and tly in 2012 he third h he d Earth

CONCEPT CHECK 1.1 | Compare the characteristics of Earth’s oceans.

1 How did the view of the ocean 3 Where is the deepest part of the
by early Mediterranean cultures ocean? How deep is it, and how does
influence the naming of planet Earth? it compare to the height of the tallest
2 Although the terms ocean and mountain on Earth?

sea are sometimes used interchange-
ably, what is the technical difference
between an ocean and a sea?
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1.2 How Was Early Exploration of the Oceans
Achieved?

The ocean’s huge extent over the surface area of Earth has not prevented humans
from exploring its furthest reaches. Since early times, humans have developed tech-
nology that has allowed civilizations to travel across large stretches of open ocean. To-
day, we can cross even the Pacific Ocean in less than a day by airplane. Even so, much
of the deep ocean remains out of reach and woefully unexplored. In fact, the surface
of the Moon has been mapped more accurately than most parts of the sea floor. Yet
satellites at great distances above Earth are being used to gain knowledge about our
watery home.

Early History

Humankind probably first viewed the oceans as a source of food. Archeological evi-
dence suggests that when boat technology was developed about 40,000 years ago,
people probably traveled the oceans. Most likely, their vessels were built to move
upon the ocean’s surface and transport oceangoing people to new fishing grounds.
The oceans also provided an inexpensive and efficient way to move large and
heavy objects, facilitating trade and interaction between cultures.

PACIFIC NAVIGATORS  The peopling of the Pacific Islands (Ocea-
nia) is somewhat perplexing because there is no evidence that
people actually evolved on these islands. Their presence re-
quired travel over hundreds or even thousands of kilometers
of open ocean from the continents (probably in small ves-
sels of that time—double canoes, outrigger canoes, or
balsa rafts) as well as remarkable navigation skills (Div-
ing Deeper 1.1). The islands in the Pacific Ocean are
widely scattered, so it is likely that only a fortunate few

of the voyagers made landfall and that many others
perished during voyages. Figure 1.8 shows the three
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been found prior to the arrival of Europeans in the 16th
century. Nevertheless, the movement of Asian peoples
into Micronesia and Melanesia is easy to imagine because
distances between islands are relatively short. In Polynesia,
however, large distances separate island groups, which must
have presented great challenges to ocean voyagers. Easter Is-
land, for example, at the southeastern corner of the triangular-
shaped Polynesian Islands region, is more than 1600 kilometers
(1000 miles) from Pitcairn Island, the next nearest island. Clearly, a
voyage to the Hawaiian Islands must have been one of the most difficult
because Hawaii is more than 3000 kilometers (2000 miles) from the nearest
inhabited islands, the Marquesas Islands (Figure 1.8). . . . -
Archeological evidence suggests that humans from New Guinea may have Figure 1.8 The peopling of the Pacific islands. The major island
groups of the Pacific Ocean are Micronesia (brown shading), Mela-
occupied New Ireland as early as 4000 or 5000 B.c. However, there is little evi-  pesia (peach shading), and Polynesia (green shading). The “Lapita
dence of human travel farther into the Pacific Ocean before 1100 B.C. By then, people” present in New Ireland 5000-4000 g.c. can be traced to Fiji,

the Lapita people,* a group of early settlers who produced a distinctive type of — Tonga, and Samoa by 1100 &.c. (yellow arrow). Green arrows show
the peopling of distant islands throughout Polynesia. The route of

Thor Heyerdahl’s balsa raft Kon Tiki is also shown (red arrow).

AUSTRALIA

New ™
Zealand

“In recent years, a combination of genetic, linguistic, and archaeological evidence has suggested that the
forebears of the Lapita people—and thus Polynesians—originated in Taiwan, just off the coast of China.





