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To the Student

You live on land, but most of Earth is covered with water. Water is
everywhere. Look at any photograph of Earth taken from space. A
color photograph will show that our planet is mostly blue—the
color of the ocean. How much of the world is actually covered by
ocean? Close your eyes in front of a globe of the Earth. Spin the
globe. When it stops spinning, touch the globe’s surface. Odds are
you will put your finger on a part of Earth’s ocean. In fact, about 70
percent of Earth’s surface is ocean.

How deep is the sea? Why is it salty? Do strange creatures really
live in the deepest parts of the sea? These questions, and many oth-
ers, may come to mind when you think about the ocean. Today, we
can answer many of these questions thanks to the work of oceanog-
raphers, scientists who study the sea. However, we cannot answer
every question. Scientists continue to study the ocean, so that we
can understand more of its mysteries.

In the first unit of Marine Science, Second Edition, you will be
introduced to the history and methodology of the study of the
ocean and to the great variety of marine environments. The next
three units concentrate on life in the sea—the branch of science
called marine biology. The fifth and sixth units deal primarily with
the science of oceanography, the study of the physical geology char-
acteristics of the sea. In fact, oceanography is a mix of many areas of
scientific study, including biology, chemistry, geology, and physics.
Together, marine biology and oceanography make up the body of
knowledge known as marine science. In the last unit of this textbook,
you will explore how the physical and biological characteristics of
the ocean interact to affect marine ecology.

At the end of each chapter, you will find a Chapter Review sec-
tion that includes question sets and a suggestion for a research pro-
ject or activity. The question sets help you review the material you
have learned. The research projects or activities help you expand
your knowledge and understanding of marine biology and oceanog-
raphy. You will find that doing a research project can be a challeng-
ing and creative endeavor, often one that will help you to think like
a scientist. You will ask questions, make observations, develop
explanations, and draw conclusions. We hope you enjoy doing
these projects. Now, let us begin our exploration of the marine
world.






Contents

To the Student

UNIT 1
INTRODUCTION TO MARINE SCIENCE

1 Exploring the Oceans 4

THE “UNSINKABLE” SHIP / VOYAGES OF DISCOVERY/
SCIENTIFIC EXPLORATION /EXPLORING INNER SPACE/
FINDING THE TITANIC

DISCOVERY: A Highway for Cultural Dispersion
LABORATORY INVESTIGATION: Making Ocean Water

2 Marine Scientists at Work 27

MARINE SCIENCE TODAY / THE SCIENTIFIC METHOD/
SCIENTIFIC MEASUREMENTS/VIEWING THE MICROSCOPIC WORLD

RESEARCH: How to Set up a Marine Aquarium
LABORATORY INVESTIGATION: Measuring Snail Speed

3 Marine Environments 60

MARINE LIFE ZONES/THE SANDY BEACH ENVIRONMENT /
THE ROCKY COAST ENVIRONMENT / THE ESTUARY ENVIRONMENT /
THE CORAL REEF ENVIRONMENT

DISCOVERY: Biodiversity Among the Benthos
LABORATORY INVESTIGATION: Examining Beach Sand

UNIT 2
KINGDOMS OF LIFE IN THE SEA

4 Unicellular Marine Organisms 94
CLASSIFICATION /BACTERIA/DIATOMS/ DINOFLAGELLATES/ NUTRITION IN ALGAE

ENVIRONMENT: Red Tides and Muddy Waters
LABORATORY INVESTIGATION: How Diatoms Perform Their Life Functions



5 Marine Algae and Plants 117
MARINE ALGAE/BEACH PLANTS/MARINE GRASSES / MANGROVE TREES

ENVIRONMENT: Caulerpa—The Plantlike Pest
LABORATORY INVESTIGATION: Adaptations of a Marine Alga

6 Simple Marine Animals 141

NUTRITION IN ANIMALS/ ZOOPLANKTON IN THE SEA/
PROTOZOANS/SPONGES, ROTIFERS, AND BRYOZOANS

DISCOVERY: A Challenge to Taxonomy
LABORATORY INVESTIGATION: Observing Diverse Zooplankton

MARINE INVERTEBRATES

7 Cnidarians 172
JELLYFISH / SEA ANEMONES/CORALS/HYDROIDS

ENVIRONMENT: Floating Beauties, Stinging Beasts
LABORATORY INVESTIGATION: Observing Stinging Tentacles

8 Marine Worms 193

FLATWORMS AND RIBBON WORMS/ROUNDWORMS AND SEGMENTED WORMS/
GIANT TUBE WORMS AND ARROW WORMS

DISCOVERY: The Cells of C. Elegans
LABORATORY INVESTIGATION: Adaptations of the Sandworm

9 Mollusks 213
BIVALVES / GASTROPODS/ CEPHALOPODS/ OTHER MOLLUSKS

RESEARCH: The Smartest Invertebrate
LABORATORY INVESTIGATION: Feeding in a Bivalve



10

11

12

13

14

Crustaceans 236

INTRODUCTION TO CRUSTACEANS: THE LOBSTER/ ANOTHER IMPORTANT
CRUSTACEAN: THE CRAB/DIVERSITY AMONG CRUSTACEANS: THE SHRIMP
AND OTHERS/DIVERSITY AMONG THE ARTHROPODS

RESEARCH: Sticking with the Barnacle
LABORATORY INVESTIGATION: Adaptations of Crabs

Echinoderms 259

STARS IN THE SEA/ADAPTATIONS IN THE SEA STAR/SEA URCHINS AND
SAND DOLLARS/ECCENTRIC ECHINODERMS

CONSERVATION: In a “Pickle” over the Sea Cucumber
LABORATORY INVESTIGATION: Adaptations of Sea Stars

UNIT 4
! MARINE VERTEBRATES

Marine Fishes 280

PROTOCHORDATES AND JAWLESS FISHES / CARTILAGINOUS FISHES /
BONY FISHES/ UNUSUAL ADAPTATIONS IN FISH

CONSERVATION: Shark Attack!
LABORATORY INVESTIGATION: Breathing and Transport in a Fish

Marine Reptiles and Birds 308
MARINE REPTILES / MARINE BIRDS

TECHNOLOGY: Satellite Tracking and Sea Turtles
LABORATORY INVESTIGATION: Adaptive Features of Marine Reptiles and Birds

Marine Mammals 330

CETACEANS: WHALES AND DOLPHINS/WHALE ADAPTATIONS AND BEHAVIORS/
SEALS AND OTHER MARINE MAMMALS/ THE DIVING RESPONSE

RESEARCH: The Migrating Manatee
LABORATORY INVESTIGATION: Diving Response in Humans



. UNIT5
sse. THE WATER PLANET

15 The World of Water 360

16

17

—

THE WATER PLANET / THE WATER BUDGET / WATER AS A SOLVENT/THE SALTY SEA

ENVIRONMENT: A Beacon on a Vanishing Beach
LABORATORY INVESTIGATION: Determining Seawater Salinity

Geology of the Ocean 384

ORIGIN OF THE OCEAN AND THE CONTINENTS/THE THEORY OF
PLATE TECTONICS/OCEAN FLOOR TOPOGRAPHY / COASTS AND REEFS IN PROFILE

TECHNOLOGY: Loihi on the Rise
LABORATORY INVESTIGATION: Getting Water from a “Stone”

Climate and the Ocean 415

OCEAN TEMPERATURE AND WIND /MOISTURE IN THE AIR/STORMY WEATHER/
THE GREENHOUSE EFFECT

ENVIRONMENT: Rising Temperatures, Rising Sea Level
LABORATORY INVESTIGATION: Analyzing Ocean Temperatures

UNIT 6

=" ENERGY IN THE OCEAN

18

19

Temperature and Pressure 442

KINETIC ENERGY AND HEAT IN THE OCEAN / TEMPERATURE VARIATIONS
IN THE OCEAN / PRESSURE UNDERWATER / OSMOTIC PRESSURE AND
AQUATIC ADAPTATIONS

CONSERVATION: Keeping the Chinook Chilly
LABORATORY INVESTIGATION: Effects of Temperature and Salinity on Water Density

Light and Sound in the Sea 466
LIGHT AND WATER/LIGHT AND LIFE IN THE SEA/SOUND IN THE SEA

TECHNOLOGY: Sound Surveillance in the Sea
LABORATORY INVESTIGATION: Identifying Pigments in Algae



20 Tides, Waves, and Currents 485

21

22

23

THE TIDES/ OCEAN WAVES / OCEAN CURRENTS

RECREATION: The Science of Surfing
LABORATORY INVESTIGATION: Measuring Ocean Waves

UNIT 7
1 MARINE ECOLOGY

Interdependence in the Sea 514

CYCLES IN THE SEA/FOOD RELATIONSHIPS IN THE SEA/SYMBIOSIS IN THE SEA/
SUCCESSION IN MARINE ENVIRONMENTS

ENVIRONMENT: Turf Wars off Fisherman’s Wharf
LABORATORY INVESTIGATION: Observing How a Barnacle Filter Feeds

Pollution in the Ocean 541

SEWAGE POLLUTION/TOXIC CHEMICALS/CLEAN, CLEAR WATERS/
LITTER IN THE WATER

ENVIRONMENT: Swimming with the Fishes
LABORATORY INVESTIGATION: Determining the pH of Water Samples

Conservation of Resources 569
MARINE RESOURCES/FARMING THE SEA/PROTECTING MARINE ANIMALS

CONSERVATION: Rough Times for the Orange Roughy
LABORATORY INVESTIGATION: Analyzing Fishery Data

GLOSSARY 599
INDEX 611

PHOTO CREDITS 623



