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The Kāne‘ohe Bay Story 341

Interactive Exploration 343

Part Three Structure and Function of Marine 
Ecosystems

	10	 An Introduction to Marine Ecology 214
10.1	 The Organization of Communities 215

How Populations Grow 215
Ways That Species Interact 217

10.2	 Major Marine Lifestyles and Environments 223

10.3	 The Flow of Energy and Materials 224
Trophic Structure 224
Cycles of Essential Nutrients 230

Biodiversity: All Creatures Great and Small 219
Cleaning Associations 221
Eye on Science: Carbon Sinks and Blue Carbon 232

Interactive Exploration 236

SPECIAL REPORT: Our Changing Planet 237

	 Climate Change 237
The Greenhouse: Too Much of a Good Thing? 238
CO

2
 Through the Roof 238

What’s Happening Now? 240
What Lies Ahead? 241
So What? 241

	 Ocean Acidification: The Other CO
2
 Problem 242

	 Overwhelming the Nitrogen Cycle 243

	 The No-Zone 245

	 Stripping the Sea Bare 246

	 Disappearing Habitats 247

	 So What Do We Do? 248

Will There Be a Last Straw? 245

�For More Information 250

	11	 Between the Tides 252
11.1	 Rocky Shore Intertidal Communities 253

Exposure at Low Tide 253
The Power of the Sea 256
The Battle for Space 258
Vertical Zonation of Rocky Shores 261

11.2	 Soft-Bottom Intertidal Communities 270
The Shifting Sediments 270
Living in the Sediment 271

Transplantation, Removal, and Caging Experiments 264
Eye on Science: Sea Star Wasting Disease 269

Interactive Exploration 275

	12	 Estuaries: Where Rivers Meet the Sea 276
12.1	 Origins and Types of Estuaries 276

vi	 Contents

Final PDF to printer



cas22198_fm_i-xiv.indd vii� 11/21/22  03:18 pm

17.2	 Non-Living Resources from the Sea Floor 415
Oil and Gas 415
Ocean Mining 416

17.3	 Non-Living Resources from Seawater 417
Energy 417
Fresh Water 418
Minerals 418

Of Fish and Seabirds, Fishers and Chickens 407
Eye on Science: Aquaculture of Bluefin Tunas 411
Take Two Sponges and Call Me in the Morning 415

Interactive Exploration 420

	18	 The Impact of Humans on the Marine 
Environment 421

18.1	 Modification and Destruction of Habitats 421
Trawling 422

18.2	 Pollution 423
Eutrophication 424
Sewage 424
Oil 426
Persistent Toxic Substances 428
Plastic Waste 430
Thermal Pollution 432

18.3	 Threatened and Endangered Species 432

18.4	 Conserving and Enhancing the Marine Environment 436
Conservation 437
Restoration of Habitats 437

18.5	 Prospects for the Future 440

Eye on Science: Microplastics in the Marine Environment 432
Biological Invasions: The Uninvited Guests 434
Ten Simple Things You Can Do to Save the Oceans 439

Interactive Exploration 441

Appendix A  Units of Measurement 442

Appendix B  �Selected Field Guides and Other References for 
the Identification of Marine Organisms in North 
America 443

Appendix C  �The World Ocean 444

Appendix D  �Major Coastal Communities and Marine Protected 
Areas in North America and the Caribbean 446

Glossary  448

Index  460

	15	 Life Near the Surface 344
15.1	 The Organisms of the Epipelagic 345

The Plankton: A New Understanding 345
The Phytoplankton 346
The Zooplankton 348
The Nekton 351

15.2	 Living in the Epipelagic 352
Staying Afloat 352
Predators and Their Prey 356

15.3	 Epipelagic Food Webs 361
Trophic Levels and Energy Flow 361
The Microbial Loop 362
Patterns of Production 363
The El Niño–Southern Oscillation 370

Red Tides and Harmful Algal Blooms 352
Swimming Machines 358
Eye on Science: Biological Nutrient Pumps 369

Interactive Exploration 373

	16	 The Ocean Depths 374
16.1	 The Twilight World 376

The Animals of the Mesopelagic 376
Adaptations of Midwater Animals 378

16.2	 The World of Perpetual Darkness 385
The Lack of Food 386
Sex in the Deep Sea 386
Living Under Pressure 387

16.3	 The Deep-Ocean Floor 388
Feeding in the Deep-Sea Benthos 388
The Nature of Life in the Deep-Sea Benthos 390
Microbes in the Deep Sea 391

16.4	 Hot Springs, Cold Seeps, and Dead Bodies 392

The Chambered Nautilus 377
Biodiversity in the Deep Sea 391
Eye on Science: Alvin Reborn 392

Interactive Exploration 396

Part Four Humans and the Sea

	17	 Resources from the Sea 397
17.1	 The Living Resources of the Sea 397

Food from the Sea 398
Marine Life as Items of Commerce and Recreation 414

	 Contents	 vii

Final PDF to printer



cas22198_fm_i-xiv.indd viii� 11/21/22  03:18 pm

Instructors 
The Power of Connections

Every learner is unique
In Connect, instructors can assign an adaptive reading 
experience with SmartBook® 2.0. Rooted in advanced 
learning science principles, SmartBook 2.0 delivers 
each student a personalized experience, focusing 
students on their learning gaps, ensuring that the time 
they spend studying is time well-spent. 
mheducation.com/highered/connect/smartbook

65%
Less Time
Grading

A complete course platform
Connect enables you to build deeper connections with your students through 
cohesive digital content and tools, creating engaging learning experiences. 
We are committed to providing you with the right resources and tools to 
support all your students along their personal learning journeys. 

Solutions for  
your challenges
A product isn’t a solution. Real 
solutions are affordable, reliable, 
and come with training and ongoing 
support when you need it and how you 
want it. Visit supportateverystep.com 
for videos and resources both you  
and your students can use throughout  
the term.

Affordable solutions, 
added value 
Make technology work for you with  
LMS integration for single sign-on access, 
mobile access to the digital textbook, 
and reports to quickly show you how 
each of your students is doing. And with 
our Inclusive Access program, you can 
provide all these tools at the lowest 
available market price to your students. 
Ask your McGraw Hill representative for 
more information.

Laptop: Getty Images; Woman/dog: George Doyle/Getty Images

Final PDF to printer



cas22198_fm_i-xiv.indd ix� 11/21/22  03:18 pm

Effective tools for efficient studying
Connect is designed to help you be more productive with simple, flexible, intuitive tools that maximize 
your study time and meet your individual learning needs. Get learning that works for you with Connect.

Everything you need in one place 
Your Connect course has everything you need—whether reading your digital eBook 
or completing assignments for class—Connect makes it easy to get your work done.

“I really liked this 
app—it made it easy 
to study when you 
don't have your text-
book in front of you.”

- �Jordan Cunningham,  
Eastern Washington University

Study anytime, anywhere
Download the free ReadAnywhere® app and 
access your online eBook, SmartBook® 2.0, 
or Adaptive Learning Assignments when it’s 
convenient, even if you’re offline. And since 
the app automatically syncs with your Connect 
account, all of your work is available every time 
you open it. Find out more at  
mheducation.com/readanywhere 

Students 
Get Learning that Fits You

Learning for everyone 
McGraw Hill works directly with Accessibility 
Services Departments and faculty to meet the 
learning needs of all students. Please contact your 
Accessibility Services Office and ask them to email  
accessibility@mheducation.com, or visit  
mheducation.com/about/accessibility  
for more information.

iPhone: Getty Images

Final PDF to printer



cas22198_fm_i-xiv.indd x� 11/21/22  03:18 pm

Eye on Science Boxes
Part One
	 1	 The Best Laid Plans 7
	 2	 Life Below the Sea Floor 29
	 3	 Larval Transport Near Hydrothermal Vents 54
	 4	 When Fishes Stepped on Land 80

Part Two
	 5	 The Origin of Eukaryotes 90
	 6	 Marine Algae as Biofuels 112
	 7	 The Complex Eyes of Mantis Shrimps 135
	 8	 Great White Shark Migrations 169
	 9	 Feeding in the Blue Whale 203

Part Three
	10	 Carbon Sinks and Blue Carbon 232
	11	 Sea Star Wasting Disease 269
	12	 Restoration of Salt Marshes 287
	13	 Toxoplasma: From Cats to Sea Otters 314
	15	 Biological Nutrient Pumps 369
	16	 Alvin Reborn 392

Part Four
	17	 Aquaculture of Bluefin Tunas 411
	18	 Microplastics in the Marine Environment 432

x

Manamana/Shutterstock

Final PDF to printer



cas22198_fm_i-xiv.indd xi� 11/21/22  03:18 pm

in marine biology grew, and he went on 
to obtain B.S. degrees in both zoology  
and oceanography from the University of Wash-
ington. He received his doctorate from Scripps 
Institution of Oceanography for research on 

a group of symbiotic coral crabs. After his Ph.D., he worked at 
Scripps on the genetics and cell biology of unicellular algae and bio-
luminescence in midwater organisms. In 1988 he moved to the Biol-
ogy Department at the University of Papua New Guinea, where he 
had the opportunity to work on some of the world’s most spectac-
ular coral reefs and was Head of the University’s Motupore Island 
Research Station. He also became increasingly involved in marine 
environmental science. This interest continued to grow when he 
left Papua New Guinea in 1994 to become the Scientific Director 
of James Cook University’s Orpheus Island Research Station on 
Australia’s Great Barrier Reef. In 1998 he became a full-time envi-
ronmental advisor, providing scientific information and advice on 
marine environmental protection to international agencies, govern-
ments, and private industry. Much of his work has been in marine 
environmental protection at the global level, while regionally much 
of his work has been in the Asia-Pacific region. He has worked on a 
wide range of environmental issues including pollution control and 
waste management, underwater noise, habitat conservation and 
restoration, marine invasive species, endangered species manage-
ment, long-term environmental monitoring, effects of mariculture, 
and deep-sea mining. Dr. Huber is a past Chairman of GESAMP, a 
United Nations scientific body that advises international agencies 
on marine environmental issues. Currently, he is helping coordinate 
GESAMP’s role in the United Nations of Ocean Science for Sus-
tainable Development.  Mike has worked in more than 40 countries. 

Mike lives in Brisbane, Australia. His hobbies are fishing, diving, 
swimming, listening to and attempting to play music, reading, and 
gardening.

About the Authors

xi

Peter Castro, Ph.D.
Peter Castro realized that he had 
to become a marine biologist during a high school field trip to the 
coral reefs in his native Puerto Rico. He obtained a B.S. in biology 
from the University of Puerto Rico, Mayagüez, but left the warm 
Caribbean for warm Hawai'i to obtain a Ph.D. in marine zoology 
from the University of Hawai'i, Mānoa. His first experience with cold 
water was a year of post-doctoral research at Hopkins Marine Sta-
tion of Stanford University in Monterey Bay, California. He is cur-
rently Professor Emeritus at California State Polytechnic University, 
Pomona. He also holds a B.A. in history and art history from his 
home institution, something that took him 18 years to accomplish 
as a part-time student. He is fluent in four languages and has taught 
marine biology (in English and Spanish) as a Fulbright Scholar at 
Odessa State University in the former Soviet Union. His research 
specialty is the biology of crustaceans symbiotic with reef corals and 
other invertebrates, research that has taken him anywhere where the 
water is warm enough to dive. He has also been doing research for 
almost the last two decades on the systematics of deep-water crabs, 
mostly, of all places, in Paris, France. Dr. Castro has so far published 
70 peer-reviewed papers on his research. He is currently editor-in-chief 
of the Journal of Crustacean Biology.

Michael Huber, Ph.D.
Michael became fascinated by aquatic organisms when he 
caught his first trout on an Alaskan lake at age 2. His interest  

Pniesen/Getty Images

Final PDF to printer



cas22198_fm_i-xiv.indd xii� 11/21/22  03:18 pm

Preface
We are absolutely delighted to introduce Marine Biology, twelfth 
edition. When we first start working on the very first edition back 
in 1988, our focus was on getting through that task—and the book 
on shelves somewhere—and never dreamed we would find ourselves 
introducing a twelfth edition. We are profoundly grateful to the 
many instructors, reviewers, and most of all students who have car-
ried us to this point. 

Whether their interest originated from visiting the shore, scuba 
diving, recreational fishing, sailing, aquarium keeping, viewing 
television documentaries and movies, or just dreaming about the 
ocean, we hope this book reinforces, enhances, and informs the 
fascination of readers all over the world with the ocean. And, of 
course, we have tried in Marine Biology to provide a rigorous intro-
duction to marine biology as a science.

Marine Biology is used by undergraduate, graduate, high school, 
and adult-education students, as well as by interested laypersons not 
enrolled in formal courses. We are gratified that many professional 
marine biologists use the book. The book is used in many countries 
outside the United States, and has been translated into six other lan-
guages. While keeping this range of users in mind, we have written 
the text primarily for lower-division, non-science majors at colleges 
and universities. For many of these students, marine biology will be 
their only tertiary science course, often taken to satisfy a general 
education requirement. We have therefore been careful to provide 
solid basic science coverage, including principles of the scientific 
method, the physical sciences, and basic biology. Our aim has been 
to integrate this basic science content with a stimulating, up-to-date 
overview of marine biology. We hope this approach demonstrates 
the relevance of the physical sciences to biology and makes all sci-
ences less intimidating. To this end, we use an informal writing style 
that emphasizes an understanding of concepts over rigorous detail 
and terminology.

Not all marine biology courses, of course, are intended to fulfill 
a basic science requirement, and in many the students already have 
a science background. To balance the needs of instructors teaching 
courses with and without prerequisites in biology or other sciences, 
we have designed the book to provide as much flexibility as possible 
in the use of the basic science material, the order in which topics 
are presented, and overall emphasis and approach. We have tried to 
meet the needs and expectations of a wide variety of students, from 
the scuba-diving philosophy major to the biology major considering 
a marine science career. We hope a variety of readers other than 
university students also find the book useful and enjoyable.

Four major themes run through Marine Biology. One is the 
above-mentioned coverage of basic science applied to the marine 
environment. Another is a focus on the organisms themselves, and 

their vast diversity not only in taxonomic terms but also in structure, 
function, and ecology. The third theme is an ecosystem approach 
that integrates this organismal diversity with the challenges imposed 
by the surrounding environment, both physical and biological. A 
final theme that, unfortunately, becomes more urgent with each 
passing year is the impact of humans on the marine environment.

Marine Biology, twelfth edition, adopts a global perspective to 
emphasize that the world’s oceans and seas are an integrated sys-
tem that cannot be understood by looking in any one person’s own 
backyard. For many students this is a new perspective. One aspect 
of our global approach is the deliberate inclusion of examples from 
many different regions and ecosystems so that as many students as 
possible, not just in North America but around the world, will find 
something relevant to their local areas or places they have visited. 
We hope this will stimulate them to think about the many relation-
ships between their own shores and the one world ocean that so 
greatly influences all our lives.

CHANGES IN THE TWELFTH EDITION
Like all new editions of Marine Biology, we have made extensive 
revisions to the twelfth edition to correct errors, incorporate new 
information, and improve readability. In many cases, our revisions 
reflect comments by reviewers, whose suggestions we greatly appre-
ciate. Unfortunately, perhaps the dominant theme of this revision 
reflects the inescapable reality of the existential threat of climate 
change to both the health of the ocean and human society. Even 
in the last edition, our coverage of global climate change reflected 
some scientific uncertainty, and tended to point to impacts in the 
future. Since then, the uncertainty has vanished and it is clear that 
climate change is happening now, at a faster rate and with more 
dire consequences than we thought. Other aspects of global change  
have also become more urgent. We have reflected this throughout 
our revision, in every chapter, to reflect that negative global change 
is not something that might happen, in future decades, but is hap-
pening now and urgently needs to be addressed to avert catastro-
phe. This theme carries into the other aspects of global change 
described in Special Report: Our Changing Planet.

Aspects of this overarching theme included in the revision 
include:

•	A new Box 1.1 on the 2019–2020 Polarstern expedition to 
study changes in Arctic Sea ice

•	A new section in Chapter 6 on the economic importance of 
seagrass, saltmarsh, and mangrove communities

xii
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ORGANIZATION
Marine Biology is organized into four parts. Part one (Chapters 1 
through 4) introduces students to marine biology and the basic sci-
ences that underpin it. Chapter 1 describes the history of marine 
biology. It also explains the fundamentals of the scientific method. 
This feature emphasizes that science is a process, an ongoing human 
endeavor. We think it is critical that students understand how and 
why science works, that science has limitations, and that there is 
still much to be learned. Chapters 2 and 3 are a basic introduction 
to marine geology, physics, and chemistry. Marine Biology includes 
more information on these subjects, and places greater stress on 
their importance to understanding marine ecosystems, than other 
texts but we have kept Chapters 2 and 3 as short as possible and 
have covered many abiotic aspects of the marine environment in 
the chapters where they are most relevant to biology. Wave refrac-
tion, for example, is described in conjunction with intertidal com-
munities (Chapter 11) and estuarine circulation is discussed as part 
of the ecology of estuaries (Chapter 12). This approach emphasizes 
the importance of the physical and chemical environment to the 
organisms of the sea throughout the book. At the same time, it 
provides flexibility for instructors to make best use of the material 
in light of general education requirements, course prerequisites, 
and students’ backgrounds. Chapter 4, “Fundamentals of Biology,” 
briefly reviews some essential biological concepts. In covering basic 
biology we have tried to balance the needs of a spectrum of students 
ranging from those with no prior university-level instruction to 
those who have taken a number of biology courses. Depending on 
the level of their students, instructors may choose to cover Chapter 
4 in class, assign it as review reading, or omit it and rely on the 
in-text glossary entries in later chapters to remind students of the 
definitions of key terms.

Part Two (Chapters 5 through 9) surveys the diversity of marine 
life from the perspective of organismal biology. As in Part One, 
we provide introductory information that is reviewed and expanded 
upon in later chapters. In discussing the various taxa we emphasize 
functional morphology, ecological and physiological adaptations, 
and economic importance or other significance to humanity. Clas-
sification and phylogeny are not stressed, though we do present 
cladograms illustrating widely accepted phylogenetic schemes for 
invertebrates and vertebrates. As in the rest of the book we have 
selected organisms from around the world for photographs, line 
drawings, and color paintings, but organisms from the coasts of 
North America are emphasized. Organisms are referred to by their 
most widely accepted common names. One or two common or 
important genera are noted in parentheses the first time a group 
is mentioned in a chapter, but we have not attempted to provide 
comprehensive lists of genera.

Part Three of the book (Chapters 10 through 16) presents an 
ecological tour of the major environments of the world ocean, com-
mencing with an introduction to some fundamental principles of 
marine ecology in Chapter 10. As in Chapter 4, important concepts 

•	A new Box 10.3 on carbon sinks and blue carbon, introducing 
both terms and including two new figures, and further discus-
sion of blue carbon sinks in other relevant sections through-
out the book

•	The addition in Chapter 14 of a new section on Human Impact 
on Coral Reefs, consolidating and updating coverage that was 
previously spread across multiple chapters

•	New coverage of illegal, unreported, unregulated fishing in 
Chapter 17

There are many other changes, throughout the book, that 
update information on the health of the oceans.

Of course, as in every edition, we have updated the information 
in the book to reflect new research and recent data, to incorpo-
rate suggestions from reviewers, and especially to make the book 
more user-friendly. There are too many changes to fully list here, 
but examples include:

•	Significant revision of the line art in every chapter to improve 
accessibility for readers with visual challenges

•	Line art in many chapters was updated to include the latest 
available data

•	Significant revision of the explanation of the Coriolis Effect—
something we have always struggled to explain on the written 
page. We hope this time we made it better.

•	A new Figure 3.36 showing part of an actual tide table

•	New coverage of the importance non-coding (“junk”) DNA 
and epigenetic markers, including their heritability

•	Added information on the importance of glycoproteins

•	Updated coverage of the shortcomings of the traditional 
“biological species concept,” especially in light of prokaryote 
reproduction, horizontal gene transfer, and hybridization

•	New Box 5.1 on the origins of eukaryotes

•	New Figure 6.13 comparing marine seaweeds and flowering 
plants

•	New Box 7.3 on mantis shrimp eyes

•	Information on “predator fear” effects—ecological effects of 
predator avoidance by prey species

•	Updated examples of transplantation, caging, and removal 
experiments in marine ecology

•	New Figure 17.13 comparing marine and freshwater capture 
fisheries with aquaculture production

As in every revision, there are many smaller changes through-
out the book to include corrections, updates, and clarifications. We 
have also included a number of new photographs, in our continuing 
effort to make the book more visually appealing.
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of the book results in important related material being covered in 
later chapters. We think the current placement gives prominence to 
this critically important issue even if the Special Report has to look 
forward to later chapters.
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presented here are reviewed elsewhere in the in-text glossary boxes. 
The remaining six chapters of Part Three proceed from nearshore 
to offshore and from shallow to deep water, describing the physical 
characteristics of each environment and the adaptations and inter-
actions of the organisms that live there. This admittedly arbitrary 
sequence follows the teaching sequence of the greatest number of 
our reviewers, but the chapters are designed so that they can be 
covered in any sequence according to instructors’ preferences and 
needs. Most chapters include generalized food webs with standard-
ized color coding to indicate the nature of the trophic relationships. 
Part Three also contains the Special Report: Our Changing Planet,  
a feature on anthropogenic global change that was introduced in 
the seventh edition.

Finally, Part Four looks at the many ways in which humans 
interact with the world ocean: our use of and impact on the marine 
environment and the influence of the ocean on the human expe-
rience. The section presents an up-to-date, comprehensive view 
of issues and concerns shared by many students. The chapter on 
resource utilization (Chapter 17) looks not only at traditional uses, 
such as fisheries, aquaculture, and oil and gas extraction but also 
at more modern aspects, such as the emerging technologies to gen-
erate energy from the sea, the pharmacological use of marine natu-
ral products, and the application of genetic engineering and other 
technologies in aquaculture. Chapter 18 discusses human-induced 
degradation of the marine environment, balanced by an examina-
tion of marine conservation and habitat restoration.

The Special Report: Our Changing Planet, lying roughly in the 
middle of the book, presents some of the global-scale threats to  
the ocean resulting from human activities. Much of the material in 
the Special Report could appear in chapters where it is most rele-
vant to specific ecosystems or species. In our opinion, bringing this 
material together in a single section emphasizes both the global 
nature of human-induced change in the ocean and the multiple 
stresses we are imposing. Placing the Special Report in the middle 
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Marine biology is the scientific study of life in the sea. The 
ocean is vast, home to countless strange and wonderful 
creatures. The beauty, mystery, and variety of sea life often 

attract students to marine biology courses. This same sense of adven-
ture and wonder is what leads marine biologists to their profession.

There are also many practical reasons to study marine biology. 
Life on Earth probably originated in the sea, so the study of marine 
organisms teaches us about all life on Earth, not just marine life. 
Many medical advances, for example, have been underpinned by 
research on marine organisms, such as studies of the animal immune 
system in sea anemones and sea star larvae, the fertilization of sea 
urchin eggs, nerve conduction in squids, and barnacle muscles.

Marine life is also a vast source of human wealth. It provides 
food, medicines, and raw materials, offers recreation to millions, 

and supports tourism all over the world. Marine organisms can also 
cause problems. Some marine organisms harm humans directly by 
causing disease or attacking people. Others harm us indirectly by 
injuring or killing other marine organisms that we value for food or 
other purposes. Marine organisms can erode piers, sea walls, and 
other structures in the ocean, foul ship bottoms, and clog pipes.

At a much more fundamental level, marine life is vital to 
the very nature of our planet. Marine organisms produce around 
half the oxygen we breathe and help regulate Earth’s climate. Our 
shorelines are shaped and protected by marine life, and some 
marine organisms even help create new land. In economic terms, 
the ocean’s living systems are worth trillions of dollars every year.

To make full and wise use of the sea, to solve the problems 
that marine organisms create, and to predict the effects of human 

The Science of 
Marine Biology

C H A P T E R

Part One
Principles of Marine 

Science

Researchers from the tribally managed Alutiiq Pride Marine Institute in Alaska collect 
clams, an important food for local indigenous people, to test for harmful toxins.
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activities on the ocean, we must learn all we can about marine life. 
In addition, marine organisms provide valuable clues to Earth’s 
past, the history of life, and even our own bodies. This is the chal-
lenge, the adventure, of marine biology.

1.1 THE SCIENCE OF MARINE BIOLOGY
Marine biology is really the more general science of biology applied 
to the sea rather than a separate science. All the disciplines of biol-
ogy are represented in marine biology. There are marine biologists 
who study the basic chemistry of living things, for example. Others 
are interested in whole organisms: how they behave, where they live 
and why, and so on. Other marine biologists adopt a global perspec-
tive and look at the way entire oceans function as systems. Marine 
biology is thus both part of a broader science and itself made up of 
many different disciplines, approaches, and viewpoints.

Marine biology is closely related to oceanography, the scien-
tific study of the oceans. Like marine biology, oceanography has 
many branches. Geological oceanographers, or marine geologists, 
study the sea floor. Chemical oceanographers study ocean chemis-
try, and physical oceanographers study waves, tides, currents, and 
other physical aspects of the sea. Marine biology is most closely 
related to biological oceanography, so closely, in fact, that the two 
are difficult to separate. Sometimes they are distinguished on the 
basis that marine biologists tend to study organisms living relatively 
close to shore, whereas biological oceanographers focus on life in 
the open ocean, far from land. Another common distinction is that 
marine biologists tend to study marine life from the perspective of 
the organisms (for example, studying what an organism eats), while 
biological oceanographers tend to take the perspective of the ocean 
(for example, studying how food energy cycles through the system). 
In practice there are so many exceptions to these distinctions that 
most marine scientists don’t worry about the difference.

A marine biologist’s interests may also overlap broadly with those 
of biologists who study terrestrial organisms. Many of the basic ways 
in which living things make use of energy, for example, are similar 
whether an organism lives on land or in the sea. Nevertheless, marine 
biology does have a flavor all its own, partly because of its history.

The History of Marine Biology
People have been living by the sea since the dawn of humanity, 
and seafood was crucial to early humans. The earliest known stone 
blades, from 165,000 years ago, were discovered in a seaside cave 
in South Africa, along with piles of shells from Stone Age clam-
bakes and the earliest traces of ochre pigment, thought to be used 
for symbolic body painting and decoration. Ancient bone or shell 
harpoons and fishhooks have also been found, as well as the earliest 
known jewelry in the form of shell beads from as long as 110,000 
years ago. There is evidence that even more ancient peoples voy-
aged across the sea.

One of the paths of early human migration from Africa into 
Europe probably followed the coast, with its abundant seafood. 
Humans also probably migrated down the west coast after arriving 

FIGURE 1.1 A stick chart of the Marshall Islands, in the Western Pacific 
Ocean. The shells represent island groups, and the sticks represent prevail-
ing wind and wave patterns. Pacific Islanders navigated over vast distances 
between tiny islands using such charts.
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in the Americas. That migration seems to have been very rapid and 
may have been by boat.

The use of marine resources improved peoples’ knowledge 
of marine organisms and drove improvements in seamanship and 
navigation. Ancient Pacific Islanders had detailed knowledge of 
marine life, which their descendants still retain. They were con-
summate mariners (Fig. 1.1), using clues such as wind, wave, and 
current patterns to navigate over vast distances, perhaps as far as  
South America. 

The Phoenicians were the first accomplished Western naviga-
tors. By 2000 BCE (Before Common Era, that is, before year 1 in 
the Gregorian calendar that we use today), they were sailing around 
the Mediterranean Sea, Red Sea, eastern Atlantic Ocean, Black 
Sea, and Indian Ocean.

The ancient Greeks had considerable knowledge of nearshore 
organisms in the Mediterranean region. The Greek philosopher 
Aristotle is often considered to be the first marine biologist. He 
described many forms of marine life and recognized, among other 
things, that gills are the breathing apparatus of fish.

During the Dark Ages, scientific inquiry, including the study of 
marine life, came to a grinding halt in most of Europe. Much of the 
knowledge of the ancient Greeks was lost or distorted. Not all explo-
ration of the ocean stopped, however. During the ninth and tenth 
centuries CE, or Common Era, the Vikings continued to explore 
the North Atlantic. In 995 CE a Viking party led by Leif Eriksson  
discovered Vinland, what we now call North America (Fig. 1.2). 
Arab traders were also active in the Middle Ages, voyaging to 
eastern Africa, Southeast Asia, and India. In the Far East and the 
Pacific, people also continued to explore and learn about the sea.

During the Renaissance, spurred in part by the rediscovery of 
ancient knowledge preserved by the Arabs, Europeans again began 
to investigate the world around them, and several undertook voy-
ages of exploration. Christopher Columbus rediscovered the “New 
World” in 1492—word of the Vikings’ find had never reached the 
rest of Europe. In 1519 Ferdinand Magellan led the first expedition 
to sail around the globe. Other epic voyages increased our knowl-
edge of the oceans. Fairly accurate maps began to appear for the 
first time, especially for places outside Europe.

Explorers soon became curious about what lived in the ocean 
they sailed. An English sea captain, James Cook, was one of the 
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called the “Wilkes Expedition” after its leader, Lt. Charles Wilkes 
of the U.S. Navy. The expedition included 11 naturalists and scien-
tific illustrators. Wilkes was by all accounts a vain and cruel man 
who promoted himself to Captain as soon as he left port and was 
later court-martialed for flogging his crew to excess. Only two of the 
expedition’s six ships made it home. Nevertheless, the Wilkes Expe-
dition’s achievements are impressive. The expedition charted 2,400 
km (1,500 mi) of the coast of Antarctica, confirming it as a conti-
nent, as well as the coast of the Pacific Northwest of North Amer-
ica. It explored some 280 islands in the South Pacific, collecting 
information about peoples and cultures as well as flora and fauna. 
The 10,000 biological specimens included some 2,000 previously 
unknown species (Fig. 1.4). The expedition, the first international 
survey sponsored by the U.S. government, also laid a foundation for 
government funding of scientific research.

The Challenger Expedition By the mid-nineteenth century, a few 
lucky scientists were able to make voyages specifically to study the 
oceans, instead of having to tag along on ships doing other jobs. One 
was Edward Forbes, who in the 1840s and 1850s carried out exten-
sive trawling of the sea floor, mostly around his native Britain but 
also in the Aegean Sea and other places. Forbes died prematurely in 
1854, at age 39, but was the most influential marine biologist of his 
day. He discovered many previously unknown organisms and rec-
ognized that sea-floor life varies at different depths (see Box 16.2, 
“Biodiversity in the Deep Sea”). Perhaps his most important contri-
bution, however, was to inspire new interest in life on the sea floor.

Forbes’s contemporaries and successors, especially from 
Britain, Germany, Scandinavia, and France, carried on his studies 
of sea-floor life. Their ships were poorly equipped and the voyages 
short, but their studies produced many valuable results. They were 
so successful, in fact, that British scientists managed to convince 
their government to fund the first major oceanographic expedition, 
under the scientific leadership of Charles Wyville Thompson. The 
British navy supplied a light warship to be fitted out for the pur-
pose. The ship was named HMS Challenger.

Challenger underwent extensive renovations in preparation for 
the voyage. Laboratories and quarters for the scientific crew were 
added, and gear for collecting samples in deep water was installed. 
Though primitive by modern standards, the scientific equipment on 
board was the best of its day. Finally, in December 1872, Challenger 
set off.

first to make scientific observations and to include a full-time natu-
ralist among his crew. In a series of three great voyages, beginning 
in 1768, he explored all the oceans. He and his crew were the first 
Europeans to see the Antarctic ice fields and to land in Hawai‘i, 
New Zealand, Tahiti, and a host of other Pacific islands. Cook was 
the first to use a chronometer, an accurate timepiece that enabled 
him to determine his longitude precisely, and therefore prepare 
reliable charts. From the Arctic to the Antarctic, from Alaska to 
Australia, Cook extended and reshaped the European conception 
of the world. He brought back specimens of plants and animals and 
tales of new lands previously unimagined by Europeans. Cook was 
generally respectful and appreciative of indigenous cultures by the 
standards of the day, but not always.  He was killed in 1779 in a fight 
after a dispute with native Hawaiians at Kealakekua Bay, Hawai‘i.

By the nineteenth century, taking a naturalist along on expe-
ditions was commonplace. Perhaps the most famous of these ship-
board naturalists was Charles Darwin, also from England. Begin-
ning in 1831, Darwin sailed around the world on HMS Beagle for 
five years, horribly seasick most of the time. Beagle’s primary mis-
sion was to map coastlines, but Darwin made detailed observations 
of all aspects of the natural world. This set off a train of thought 
that led him, years later, to propose the theory of evolution by nat-
ural selection (see “Natural Selection and Adaptation,” in 4.5). 
Though best known for the theory of evolution, Darwin made many 
other contributions to marine biology. He explained the formation 
of the distinctive rings of coral reef called atolls (see “Atolls,” in 
14.2). He used nets to capture the tiny, drifting organisms known as 
plankton, which marine biologists still do today (Fig. 1.3). Darwin’s 
many interests also included barnacles, crustaceans that attach to 
surfaces (see Fig. 7.33). Specialists still refer to his treatise on them.

In the United States the most important early exploratory voy-
age was the United States Exploring Expedition of 1838–42, often 

FIGURE 1.2 Viking 
explorers reached 
North America in 
ships like this recon-
struction, Sea Stallion, 
centuries before 
Columbus. 

FIGURE 1.3 These 
marine scientists are 
hauling in a net known 
as a “bongo net” used 
to capture minute 
marine plankton. One 
is signaling instruc-
tions to the winch 
operator.
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from earlier efforts. The expedition set new 
standards for ocean research. Challenger’s 
scientists collected data in a more system-
atic way than previous expeditions and kept 
meticulous records. For the first time, scien-
tists began to get a coherent picture of what 
the ocean was like. They also learned about 
the enormous variety of marine life, for Chal-
lenger brought back thousands of previously 
unknown species. Thus, the Challenger expe-
dition laid the foundations of modern marine 
science.

Other expeditions continued the work 
begun by Challenger, and major oceano-
graphic cruises continue to this day. In many 
ways, though, the voyage of the Challenger 
remains one of the most important in the his-
tory of marine science.

The Growth of Marine Labs Even before 
Challenger set off, biologists were excited 
about the organisms brought back by ocean 
expeditions. Unfortunately, the ships had 

quarters for only a few scientists. Most biologists only got to see 
the preserved specimens the ships brought back to port. Such spec-
imens revealed much about marine life around the world, but biol-
ogists wanted to know how the organisms actually lived: what they 
did and how they functioned. Living specimens were essential for 
this, but ships usually stayed in one place for only a short time, 
making long-term observations and experiments impossible.

As an alternative to ships, biologists began to work at the sea-
shore. Among the first were two French biologists, Henri Milne 

Over the next three and a half years, Challenger and her crew 
sailed around the world, gathering information and collecting 
water, sediment, and biological samples (Fig. 1.5). The sheer vol-
ume of data gathered was enormous—it took 19 years to publish the 
results, which fill 50 thick volumes. Challenger brought back more 
information about the ocean than had been recorded in all previous 
human history.

It was not just the duration of the voyage or the amount of 
information collected that set the Challenger expedition apart 

FIGURE 1.4 Peale’s dolphin (Lagenorhynchus australis), named after the Wilkes Expedition naturalist 
who first described it, is one of 2,000 marine and terrestrial species discovered by the expedition.
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FIGURE 1.5 The route of the Challenger expedition, which from 1872 to 1876 conducted the first systematic survey of the world ocean.

ro
be

rth
ar

di
ng

/A
la

m
y 

St
oc

k 
Ph

ot
o

So
ur

ce
: B

ill
 O

be
r

Final PDF to printer



	 CHAPTER 1  The Science of Marine Biology	 5

cas22198_ch01_001-018.indd 5� 10/31/22  04:00 pm

Using scuba, marine biologists could, for the first time, go 
under water for more than a few minutes at a time to observe marine 
organisms in their natural environment (Fig. 1.8). They could work 
comfortably in the ocean, collecting specimens and performing 
experiments, though still limited to relatively shallow water, gener-
ally less than 50 m (165 ft).

Edwards and Victor Andouin, who around 1826 began 
making regular visits to the shore to study marine life. 
Others soon followed suit. These excursions offered the 
opportunity to study live organisms, but there were no 
permanent facilities and only a limited amount of equip-
ment could be taken along. Eventually, biologists set up 
permanent laboratories where they could keep organ-
isms alive and work over long periods. The first such lab-
oratory was the Stazione Zoologica, founded in Naples, 
Italy, in 1872—the same year Challenger embarked. The 
laboratory of the Marine Biological Society of the United 
Kingdom was founded at Plymouth, England, in 1879.

The first major American marine laboratory was 
the Marine Biological Laboratory at Woods Hole, 
Massachusetts. It is hard to pinpoint the exact date when 
this laboratory was established. The first marine labora-
tory at Woods Hole was started by the United States Fish 
Commission in 1871, but didn’t flourish. Several other 
short-lived laboratories later appeared in the area. Har-
vard biologist Louis Agassiz, who also studied many of 
the specimens collected by the Wilkes Expedition, estab-
lished a laboratory on nearby Cape Ann in 1873. In 1888 
this lab moved to Woods Hole and officially opened its 
doors as the Marine Biological Laboratory. It is still one of the 
world’s most prestigious marine labs.

After these early beginnings, other marine laboratories were 
established. Among the earliest in the United States were Hopkins 
Marine Station in Pacific Grove, California (Fig. 1.6), Scripps Insti-
tution of Oceanography in La Jolla, California, and Friday Harbor 
Marine Laboratory in Friday Harbor, Washington. More 
laboratories appeared all over the world, and new ones are 
being established even today.

World War II had a major effect on the development 
of marine biology. A new technology, sonar, or sound 
navigation and ranging, was developed for submarine 
warfare. Sonar is based on detecting underwater echoes 
(Fig. 1.7). The ocean, long thought of as a silent realm, 
was suddenly found to be full of sound, much of it made 
by animals. During wartime, learning about these animals 
was no longer the casual pursuit of a few interested marine 
biologists but a matter of national security. As a result of 
this urgency, several marine laboratories, such as Scripps 
and the Woods Hole Oceanographic Institution (estab-
lished in 1929), grew rapidly. When the war ended, these 
labs not only remained vital research centers, but continued  
to grow.

The years immediately after World War II saw the 
refinement of the first practical scuba, or self-contained 
underwater breathing apparatus. The basic technology 
was developed in occupied France by the engineer Émile 
Gagnan to allow automobiles to run on compressed natural 
gas. After the war, Gagnan and fellow Frenchman Jacques 
Cousteau modified the apparatus, using it to breathe com-
pressed air under water. Cousteau went on to devote his 
life to scuba diving and the oceans.

FIGURE 1.6 An early marine biology class at Stanford University’s Hopkins Marine 
Station. The station, established in 1892, is the third-oldest in the United States.
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FIGURE 1.7 A ship uses sonar by “pinging,” or emitting a loud pulse of sound, and 
timing how long it takes the echo to return from the sea floor. The water depth can be 
determined from the return time. This, the most common form of sonar, is called “active 
sonar” because the sounds used are actively generated by the equipment.
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Marine Biology Today
Oceanographic ships and shore-based laboratories are as important 
to marine biology now as ever. Today many universities and other 
institutions operate research vessels (Fig. 1.9). Modern ships are 
equipped with the latest technology for navigation, sampling, and 
studying marine life. Many, like Challenger, were originally built for 
other uses, but more and more research vessels are purpose-built 
for marine science.

In addition to ships as we normally think of them, some 
remarkable craft are used to study the marine world. High-tech 

submarines descend to the deepest parts of the ocean, revealing 
a once-inaccessible world (Fig. 1.10). Various odd-looking vessels 
ply the oceans, providing specialized research platforms (Fig. 1.11).

Marine laboratories, too, have come a long way since the early 
days. Today labs dot coastlines around the world and are used by 
an international community of scientists. Some are equipped with 
the most up-to-date facilities available. Others are simple field sta-
tions, providing “bed, breakfast, and boats” in remote locations. 
Often the scientists even have to bring their own breakfasts! There 
are undersea habitats where scientists can live for weeks at a time, 
literally immersed in their work (Fig. 1.12). Marine labs are import-

ant not only for research but also for education. Many 
offer hands-on undergraduate courses for students 
to study marine biology firsthand, and most provide 
facilities where graduate students begin their careers 
in marine science.

We all know technology is exploding. Even today’s 
elementary school students have lived through major 
changes that have affected all of society---our personal 
lives, business, even politics. Needless to say, technol-
ogy has and continues to transform marine science. 
Satellites peer down at the ocean and this remote 
sensing technology has revealed much of what we know 
about large-scale features like ocean currents and the 
geographic distribution of marine life (Fig. 1.13). Sat-
ellites only see the surface of the ocean, however, and 
a lot of the action is a long way down. Submarines are 
one way to penetrate the depths, but scientists increas-
ingly use underwater robots, including remotely oper-
ated vehicles (ROVs), which are controlled from the 
surface, and autonomous underwater vehicles (AUVs; 
see Fig. 16.23), which operate independently of direct 
human control. Marine scientists continue to develop 
an array of instruments that sit on the bottom, float in 
place, drift with the currents, or are even attached to 

FIGURE 1.8 Scuba is an important tool for many marine biologists. This 
one is using an apparatus called a respirometer to measure the production 
and consumption of oxygen by organisms on a coral reef.

FIGURE 1.10 Alvin, a deep-sea submarine operated by the Woods Hole 
Oceanographic Institution, is one of the most famous vessels in the history 
of marine science.
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FIGURE 1.9 The R/V Thomas G. Thompson, operated by the University of Washington, 
was the first of a new generation of dedicated research vessels that offer more work space 
and can travel to research sites faster and stay there longer than earlier research ships.
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Box 1.1 The Best Laid Plans

The plan was audacious. For millennia, 
mariners venturing into polar waters 
feared being trapped in the ice, 

starving while their vessels were crushed 
by massive icebergs. But one group of 
researchers decided to deliberately wedge 
their research vessel, RV Polarstern in the 
Arctic ice and spend a year drifting with 
the floating icepack. The Arctic is warming 
much faster than the rest of our planet (see 
Special Report, Climate Change), and sci-
entists are desperate to better understand 
the implications. An entire year of mea-
surements and experiments would vastly 
improve our knowledge. 

Over 10 years of careful planning and 
preparation—not to mention fundraising—
went into the expedition, the Multidisci-
plinary Drifting Observatory for the Study of 
Arctic Climate (MOSAiC), the largest Arctic 
research expedition ever. But things don’t 
always go according to plan. Polarstern, a 
converted icebreaker that can withstand 
the tremendous pressure of the ice, sailed 
from Norway in September 2019. A few 
weeks later, she was wedged in the ice and 
the scientists got to work. 

To prevent their measurements from 
being effected by the operations of the ship 
itself, they set up much of the equipment 
on the surrounding ice up to 50 km (30 mi) 
away, getting around with snowmobiles 
and helicopters. As Arctic winter set in, the 
researchers had to learn to cope with con-
stant darkness and temperatures down to 
−50°C (−60°F). They weren’t expecting to 
encounter polar bears within days of their 
arrival, and scientists had to take turns away 
from their studies to stand watch. The bears 
also had an irritating habit of chewing the 
power and communication cables linking the 
various instruments. Despite their planning, 

severe storms sometimes disrupted their 
instruments. But overall the expedition was 
going more or less as planned, and data on 
the Arctic air, ice and water, and the things 
living in them, started flooding in.

Then the world changed. When the 
coronavirus hit, hundreds of scientists 
scheduled to rotate for a stint on Polarst-
ern were faced with cancelled flights, travel 
restrictions, quarantine, expired visas, and 
closed borders. And the prospect of an 
outbreak onboard ship, in the remote Arc-
tic, was unthinkable. It became essentially 
impossible to conduct resupply and crew 
swaps by air as planned. As the expedition’s 
logistics coordinator said “there you have a 
plan B, C, D, and X, and then a virus like this 
comes along and just thwarts all the plans.”

The project leaders were forced into the 
difficult decision to break free of the ice and 
head to the edge of the ice pack, where crew 
swap and resupply could be done by ships 
lacking Polarstern’s icebreaking capability. 
They left much of the research facility on 
the ice, hoping to return as soon as possible 

but not knowing for sure when. New logis-
tics plans and coronavirus procedures were 
frantically developed. Other oceanographic 
expeditions were cancelled due to coronavi-
rus, but almost miraculously Polarstern was 
able to return to its base camp after only 
two weeks! In the end, the expedition spent 
over a year in the ice pack, moving from the 
constant darkness of winter to the unending 
days of summer, before returning to port in 
October 2020. In all, nearly 500  scientists 
from 20 countries participated.

Unfortunately, MOSAiC brought bad 
news. Results show that Arctic ice is thin-
ning faster, and more ice is lost in summer, 
than was expected. Researchers were sur-
prised to see fishes from the North Atlantic, 
indicating that marine species are moving 
northward as their normal home waters 
warm. Such rapid changes in the Arctic are 
a worrying harbinger of what is in store for 
the rest of our planet.

For more information, explore the 
links provided in the Marine Biology Online 
Learning Center.

animals (see “Observing the Ocean,” below). Space technology has 
a role to play here as well; many oceanographic instruments relay 
their data through satellites.

Marine biologists use every available tool to study the sea, even 
some decidedly low-tech ones (Fig. 1.14), and information about 
the ocean pours in at an ever-increasing pace.

The Census of Marine Life With all of these advances, marine 
biologists are equaling if not surpassing milestones from past  
centuries such as the Challenger expedition. Despite the achieve-

ments of the past, at the turn of the twenty-first century less than 
1% of the oceans had been explored, and we had probably discov-
ered an even smaller fraction of marine species. We knew hardly 
anything about most species that had been discovered. To make a 
dent in this ignorance, marine scientists launched the 10-year Cen-
sus of Marine Life (COML) in the year 2000. COML was a massive 
undertaking, involving some 2,700 scientists, at nearly 700 institu-
tions in 81 countries. It included some 24 projects focused on a 
particular region, a specific group of organisms, or individual eco-
system types. The individual scientists and research groups involved 
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MOSAiC researchers drill through the ice.
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(a)

FIGURE 1.11 R/V FLIP, short for floating instrument platform, oper-
ated by Scripps Institution of Oceanography, provides a stable platform 
for research at sea. (a) Most of the hull consists of a hollow tube that 
floats while the vessel is towed into position. When the hull is flooded 
and sinks, FLIP swings into a vertical position (b) in which it is largely 
unaffected by the rise and fall of waves.

(b)
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FIGURE 1.12 A diver swims outside Aquarius, the world’s only under-
water marine science laboratory. Aquarius is located in the Florida Keys 
Marine Sanctuary at a depth of about 20 m (60 ft). The living quarters are in 
the large cylinder at the upper left, which, fortunately for the crew, is larger 
than it appears here because it is further away than the diver. M
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would have done their research anyway, but through networking, 
data sharing, and cooperation, their work was greatly magnified.

COML found an amazing amount of undiscovered marine bio-
diversity, discovering nearly two new species a day. Genetic studies, 
analysis of historical records and other investigations established that 
past populations of some species exploited by humans (for example, 
some whales and fishes) were much larger before exploitation than 
previously thought, and that they declined earlier. For example, fish-
ing reduced the Nova Scotian cod population by 96% as early as 1850. 
This established new understanding of what constitutes “healthy” 
baseline populations. From a global decline in phytoplankton to evi-
dence that most harvested fish species have become fewer and smaller, 
COML painted a picture of oceans even more profoundly affected by 
human activities than we thought. But COML also documented that 
populations can recover with sound conservation measures. 

COML officially ended in 2010 but created a lasting legacy. New 
technologies were developed, the networks for international coopera-
tion continue, and data platforms that were created provide free access 
to data by not only scientists but also the general public. The Ocean 
Biogeographic Information System (OBIS) makes the vast amount of 
information COML collected about what species live where not only 
continues to operate but is growing. You can still follow online the 
movements of tagged sharks, seals, and sea turtles on systems devel-
oped by COML. Some COML results are even on Google Earth.

1.2 THE SCIENTIFIC METHOD
Marine biology is an adventure, for sure, but it is still a science. 
Scientists, including marine biologists, share a certain way of look-
ing at the world. Students of marine biology need to be familiar 
with this approach and how it affects our understanding of the 
natural world.
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FIGURE 1.14 High-tech meets low-tech: The 
robotic arm of the ROV Ventana captures a pom-
pom anemone (Liponema brevicornis) in an ordinary 
kitchen colander.
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FIGURE 1.13 A satellite image showing the abundance of pho-
tosynthetic organisms in the ocean, as indicated by the amount of 
pigment in the water. This photo was taken by the Coastal Zone 
Color Scanner (CZCS), which was mounted on the Nimbus-7 satel-
lite. It is actually a composite of information gathered over nearly 
an eight-year period. Advances in computer and space technology 
made this image possible.
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We live in an age of science. Adver-
tisers boast of “scientific” improvements 
to their products. News sites regularly 
report new breakthroughs, and many 
media outlets have dedicated science 
reporters. Governments and private com-
panies spend billions of dollars a year 
on scientific research and education. 
Why does science have such prestige in 
our society? The answer, quite simply, 
is that it works! Science is among the 
most successful of human endeavors. 
Modern society could not exist without 
the knowledge and technology produced 
by science. Everyone’s lives have been 
enriched by scientific advances in med-
icine, agriculture, industry, communica-
tion, transportation, art, and countless 
other fields.

Much of the practical success of sci-
ence results from the way it is done. Scien-
tists do not see the world as a place where things just happen for no 
reason. They assert instead that the universe can be explained by 
physical laws. Scientists don’t go about discovering these laws hap-
hazardly; they proceed according to time-tested procedures. The set 
of procedures that scientists use to learn about the world is called 
the scientific method.

Scientists may disagree over the fine points of the scientific 
method and may apply the method in slightly different ways. In 

spite of these minor differences, most scientists do agree on 
the basic principles of the scientific method, which should 
be seen as a flexible framework guiding the study of nature 
and not a rigid set of rules.

Observation: The Currency 
of Science
The goal of science is to discover facts 
about the natural world and principles 
explaining these facts. At the heart of 
the scientific method is the conviction 
that we can learn about the world only 
through our senses or with tools that 
extend our senses. Microscopes, for 
example, extend our vision to help us see 
what is otherwise too small to see. Thus, 
scientific knowledge is fundamentally 
derived from the observation of nature. 
Science is based on observations, and not 
on preexisting ideas of how the world is 
or should be.

Relying on observations means that 
others can verify the observations. A per-
son’s thoughts, feelings, and beliefs are 
internal. No one has access to the minds 
of others. On the other hand, the world 
studied by scientists is external to any one 
person. Different people can look at the 

same object. Sensory perception may be imperfect, and scientists, 
like anyone else, are not always impartial, but the object is there for 
all to see and measure. Thus, there is a way to check and validate any 
one person’s observations.

Observation is critical to all phases of the scientific method. To 
begin with, it allows us to describe the natural world. The only way 
to learn what organisms live in a particular part of the ocean, how 
many of them there are, how fast and how large they grow, when 
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