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Preface

As this new edition is being prepared, the longest global coral
bleaching and die-off event in recorded history is occurring, and
there is evidence that the oceans have become more acidic due
to increased carbon dioxide emissions. As scientists worldwide
attempt to deal with new marine environmental problems aris-
ing and old problems persisting, continued understanding of
the sea and its inhabitants is absolutely necessary. For nonsci-
entists, if there is a desire to preserve our world ocean, which
provides so many services to us, and to continue to enjoy having
fun in the sea and eating seafood, we must expand our knowl-
edge of the sea and how our daily activities affect its health.
Familiarity with the effects of a changing climate will help one
understand the complexities of rising sea temperatures and sea
levels. An understanding of the biology of corals and other ani-
mals will enable scientists to predict the magnitude of impacts
to these organisms when the water is too warm or the chemistry
changes too much. Knowledge of the chemistry of seawater will
provide one with the ability to understand the many changes to
the water column that are being observed as ocean acidification
becomes more widespread. Perhaps most important, a study of
the biology of marine life will help one appreciate the reasons
why so many organisms are harmed due to these changes to
our world ocean, such as corals, which support entire ecosys-
tems. All of this insight and much more is contained within
this eleventh edition.

Audience

We have written Introduction to the Biology of Marine Life to
engage introductory, college-level students in the excitement
and challenge of understanding marine organisms, the environ-
ments in which they live, and the challenges they face as the
marine environment changes. We assume no previous knowl-
edge of marine biology; however, some exposure to the basic
concepts of biology is helpful. This book uses selected groups
of marine organisms to develop an understanding of biological

principles and processes that are basic to all forms of life in the
sea. To build on these basics, we present information dealing
with several aspects of taxonomy, evolution, ecology, behavior,
and physiology of these selected groups. We hope that a stu-
dents venture into this exciting field provides some flavor of the
mix of disciplines that constitutes modern biological science.
Moreover, we hope that this text cultivates an appreciation for
the need to understand marine geology (the seafloor), marine
physics (waves, tides, and currents), and marine chemistry (the
composition of seawater) before a complete understanding of
marine biology can be achieved.

Organization

Although we intend the sequence of topics to be flexible, we
have presented our material in four sections.

We begin with an introduction to the sea as a habitat (Chap-
ter 1), highlighting the many ways that the ocean realm differs
tremendously from more familiar terrestrial environments, espe-
cially in terms of the chemistry of seawater and the geology of
the seafloor. We have added an entire chapter on motion within
the sea (Chapter 2), highlighting the mechanisms behind ocean
movements and how ocean movements affect marine life. Then
we provide a brief summary of basic chemical and biological
principles that are not unique to the ocean for the beginning
student (Chapter 3). The next portion of the book summarizes
all life in the sea, with two chapters dedicated to autotrophic
producers, large and small, and marine bacteria and viruses
(Chapters 4 and 5); one chapter for microbial and invertebrate
consumers (Chapter 6); and two chapters covering marine ver-
tebrates (fish, amphibians, and reptiles in Chapter 7; birds and
mammals in Chapter 8). We have organized the third section
of this new edition around the major marine habitats: estuaries
(Chapter 9), coastal seas (Chapter 10), coral reefs (Chapter 11),
the open ocean (Chapter 12), and the deep sea (Chapter 13).
Chapter 14 includes descriptions of the polar seas and their
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inhabitants, as well as a discussion of global climate change,
including suggestions for lowering one’s ecological footprint.
Finally, we describe the history and current status of marine
fisheries and aquaculture in Chapter 15.

New to the Eleventh Edition

The tenth edition of this text was well received by a wide
audience, and this was very encouraging while preparing the
eleventh edition. Many wonderful suggestions were made by
reviewers and readers of earlier editions, and it was these sug-
gestions, along with creative ideas suggested by the editors at
Jones & Bartlett Learning, that led to a textbook that has been
greatly improved and updated. This eleventh edition represents
our continuing efforts to meet the needs of our readers more
completely, and to adapt to changing educational platforms. We
are certain that students and instructors alike will be pleased to
see the many ways that the book has been augmented with new
information, new features, and refreshed dialogue.

Chapter 1 has been updated and improved by making
the material more concise and moving information on ocean
chemistry and oceanography to the new Chapter 2, “Physical
and Chemical Oceanography.” The new Chapter 2 includes
examples of the linkages between ocean water movement and
the fate of marine organisms and additional information on
El Nifio. Chapter 3 now includes a clarified discussion of pho-
tosynthesis and a new section that introduces evolution by nat-
ural selection. Chapter 4 has been expanded to cover marine
bacteria, Archaea, and viruses and includes updated photo-
synthesis terminology and an introduction to phylogenetics.

Preface

Chapter 5 now contains the latest hypotheses on the phyloge-
netic relationships of marine algae. Chapter 6 includes a dis-
cussion of the abandonment of the term “protista” and more
detailed information on invertebrate phyla, including new dis-
cussions of the phylum Tardigrada and meiofauna. Chapter 7
includes more detailed information on fish physiology, a dis-
cussion of Hox genes, and a new example of hermaphroditism
in fish. Chapter 8 now includes information on echolocation;
additional information on manatees, dolphins, porpoises, and
sperm whales; and updated information on population statuses
of several groups of marine mammals. Chapter 9 has been aug-
mented with expanded coverage of nutrient pollution, the biol-
ogy of mangroves, and suggestions for improving the health of
estuaries. Chapter 10, which covers the biology of coastal seas,
offers coverage on hot topics in marine science such as con-
nectivity. Chapter 11 has been updated with a large amount
of recent research examples, new hypotheses on coral spawn-
ing strategies, the effects of ocean acidification on coral, and
new information on Marine Protected Areas. Chapter 12 now
includes more information on the orientation of organisms in
the open sea, including zooplankton behavior. An updated
Chapter 13 includes new information about technological
advancements in deep-sea research and new discoveries in the
deep sea. Chapter 14 is a new chapter on the polar seas. It con-
tains information moved from other chapters on animals that
inhabit polar climates, new information on climate change and
sea ice research, and suggestions for reducing our greenhouse
gas emissions. Chapter 15 highlights the latest trends in fish-
eries science, updated fisheries statistics, the recent increase
in aquaculture, and concludes the book with suggestions for
becoming a steward of the ocean.
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The Student Experience

e High-Quality, Carefully Rendered Illustrations and Figures—More than 340 NEW and revised photos and illustrations are
included in this edition to help support visual learners, clarify key concepts, and enhance the students’ reading experience.
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Figure 8.32 Migratory route (blue [?] line) of the North Pacific gray whale, with summer feeding (red hatching) and winter breeding areas (pink) indicated. Primary productivity i
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Figure 4.7 A common marine silicoflagellate slightly smaller than the coccolithophores shown in Figure 4.6.
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Figure 13.8 A crown jellyfish, Atolla
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Figure 8.22 A manatee floating, surrounded by snappers in Crystal River, Florida.
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Figure 14.22 Average Arctic sea ice extent for 1981 to 2010 compared to the five lowest ice measurements recorded. Data are provided by the National Snow and Ice Data Center.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



The Student Experience

Did You Know?—These NEW boxes are scattered
throughout each chapter, providing interesting marine
biology material for students and generating curiosity
about the marine world.
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The Student Experience

d
Case Studies—A NEW Case Study box hag belen srdgci;
t i k at a particular -
ter, taking a closer loo ar org:
3 eacélaiialé:se Study also includes Critical Thinking
ism.

Questions.

The Great Pacific Garbage Patch

Currents and gyres po only transport living organisms bt also anything that is present
in the water and light enough to be moved along within a water mass. The large yres

Just recently the North Pacific Gyre has been in the spotlight. Located within the North
Pacific Gyre are several areas known as"garbage patches” (Figure A). Human garbage
dumped into the sea from land or boats accumulates in regions of the 0cean to form
these patches. Most of the garbage is made of plastic,

The locations of garbage patches are somewhat predictable, because on a large
scale the locations of major currents and gyres are predictable. The actua| composition
of the garbage patches changes daily, though, because currents change with changing
weather patterns, and the Water is constantly mixing up the contents of the patches.
The North Pacific Gyre has gained attention in recent years, byt garbage patches are
found in many other areas of Farth's 0ceans. Floating debris accumulates within any
moving water mass, and gyres are particularly good current patterns for this accumy-
lation of junk.

mistaking them for food (Figure B). Qver time, garbage made of plastic breaks down
into smaller pieces, some microscopic, and floats argund with the currents, Some of the

these garbage patches? Cleaning up the ocean is 3 difficult task. Because the plastics are Figure B A deceaseq albatross full of plastic trash,
mostly very small, there is ng feasible method to remove them. The best thing we can NOAA Marine Debris Program,

in our everyday lives to ensyre that our trash does not make itinto the ocean, Reyse or
recycle whenever possible. Never, ever, pollute. It sounds simple, but many well-inten-
tioned beachgoers accidentally leave beach {oys, water bottles, suntan lotion bottles,
and a variety of other trash behind. Last, avoid buying plastics when there is an alter-
native product available, This includes limiting (or omitting altogether) purchases of
plastic disposable items. Plastic never goes away but eventually breaks down into tiny
potentially harmful substances that fish and other marine organisms ingest. |t really s
Up o s to stop adding to the garbage patches that exist in our world ocean.

Critical Thinking Questions

1. Makealist of al) the products you use in one day, including items used
forfood and drink storage (e.g., water bottle) and those used forenter-
tainment (e.qg., cell phone). Circle the products you use that are made
of any kind of plastic, and add a star next to those that are single-use
plasticitems, Propose alternative products that can be yseq in place of
all of the plastic jn your life.

2. Proposea possible solution for reducing plasticin the sea, and describe

Figure A The locations of large accumulations of trash in the North Pacific Gyre, how your idea can be implemented,

NOAA Marine Debris Program,

ISTRIBUTION.
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TOPICS FOR DISCUSSION AND REVIEW Loligo Regalecus

1. Mesopelagic fishes differ from more familiar epipelagic Melanocetus Sagitta
and coastal fishes ip, many ways. Summarize these Oikopleura Sapphirina
differences. Oithona Sebastes

2. Summarize the proposed uses of Photophores in marine Opisthoproctys Thalassiosira
animals. Pegea Thysanoessa

3. What is the difference between holoplankton and Physalia Velella
meroplankton? [ jg three well-known examples of each
type of plankon,

4. Describe the common buoyancy Structures used by REFERENCES

pelagic marine animas. Allan, J. p. 1976. Life history Patterns in zooplankton, American Ngt.
0.

uralist 110:165-18
Alldredge, . 1976. Appendicularins, Scientific Americanjuly:94—1 02.
Barham, E. G. 1966. Deep scattering Jayer Migration anq Ccomposi-
tion: Observations from a diving saucer, Science 151:1399-1403.

6. Describe the Various mechanjsp used by 2ooplankton o Bargu, s, . 1. Powell, s, L. Coale, M. Busman, G, . Doucette, ang

collect diffyse food M. W, Silyer. 2002. Krill: A Potential vector for domoic acid i,
i marine food wehs Marine Ecology Progress Series 237:209-216.
78 Identify the Proposed cues yseq by marine animals to Boden, B. p, anq E. M. Kampa, 1967. The influence of natura] light on

orient in spac during their long Mmigrations, Are larvae

KEY TERMS

antl:tro'pica_l Mesopelagic zone 349 Brinton, E. 196 Ty, distribution of Pacific euphausiiqs Bulletin,
distribution 337 neuston 345 . 0.
countershadmg 340 Photophores 341

deep sound-scauering
layers (| DssLs) 342

diurnal 342
epipelagiczone 336
hnloplankton 332
isolume 344
magnetoreception 352
Marine snoy, 340
Meroplankton 332

KEY GENERy
Aegisthus
Architeuthis
Argyropelecus
Aristostomias
Bolinichthys
Bolinopsis
Calanus

Physoclistoys Swim
bladder 349

physoslomous Swim
bladder 349

Pneumatic dyct 348
Pneumatophore 343
rete mirabile 350
Vertical Migration 342

Corolla
Cyclothone
Euphausia
Eurypharynx
Gigantactis
Glaucus
Janthina
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Denton, E. J.and ] p Gilpin—Brown‘ 1973, Flotation mechanismg
I modern anq fosgj cephalopods. Advances in Marine Biology
11:197-268.

Easlman,]. T,andA I, DeVries, 1986. Antarctic fishes, Scientific Amer-
ican 255:106-114.

Gilmer, R v 1972, Free~ﬂoat1‘ng TUCUS webs: A novye| feeding adap-
tation for the Open ocean. Science 176:123 ~1240.

Giorgio, p A, and Duarte, C. M. 2002. Respiration jn, the open ocean,
Nature 4203 79-384,

Hoar, W w; 1983. General and Comparatiye Phyxiology. Englewood
Cliffs, NJ: Prentice Hall,

Jackson, G. A, 1990. A mode] of the formation of marine algal flocs by
Pphysical coagulation Processes. Deep-Seq Research 37:1 1971217,
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T Axenrot, and JE Kitchel], 2011. Foragmg, bloenergelic, and
predation constraints on dje] vertical migragiop, - Field obseryg.
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Clupea harengys. Journal of Fish Biology 78:449_465

Kanwisher, J.,and A. Ebling. 1957, Composition of swim bladder gas
in bathypelagic fishes. Deep-Sea Research 4211217,
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Web Links to relevant sites
are available for self-study.



Teaching Tools

A variety of teaching tools are available via digital download and multiple other formats to assist instructors with preparing for and
teaching their courses.

e Lecture Outlines in PowerPoint Format—The Lecture

Outlines in PowerPoint format provide lecture notes and
images for each chapter of An Introduction to the Biology
of Marine Life, Eleventh Edition. Instructors with Micro-
soft PowerPoint can customize the outlines, art, and order
2 of presentation.
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Teaching Tools

e Key Image Review and Unlabeled Art

Bank—The Key Image Review provides
access to the illustrations, photographs, and
tables that Jones & Bartlett Learning holds
the copyright to or has permission to reprint
digitally. These images are not for sale or dis-
tribution but may be used to enhance exist-
ing slides, tests, quizzes, or other classroom
material. The Unlabeled Art Bank, consist-
ing of 14 illustrations available on Power-
Point slides, can be used as part of a labeling
exercise in an exam or can be provided to
students for taking notes.
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e Instructor’s Manual—This document contains a chapter

summary, homework and project recommendations, sug-
gestions for using the lab manual, and answers to the Top-
ics for Discussion and Review questions that are found at
the end of each chapter in the book.

Test Bank—600 questions, all including various meta-
data, such as the relevant area of each chapter and level of
functional taxonomy, are available for testing and assess-

© Jones & Bartlett Learning, LLC.
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ment, in addition to the 750+ questions and activities that
are included in the online study and assessment tools.
Web Links—Hand-selected relevant websites for marine
biology are available in a list format or as direct links in
the interactive eBook.

Transition Guide—The publisher has prepared a Tran-
sition Guide to assist instructors who have used previous
editions of the text with conversion to this new edition.
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ELEVENTH £DITION

[ aboratory, and

FiC\d Xn\fﬁﬂtlgamon
IN N\AR\NE LIFE

virginia L- Cass-Dudiey

Gordon H pudley

James i gumich

Now published for the first time in full color, Laboratory and
Field Investigations in Marine Life, Eleventh Edition by Virginia L.
Cass-Dudley, Gordon Dudley, and James L. Sumich is a unique
marine biology laboratory and field manual that engages stu-
dents in the excitement and challenges of understanding marine
organisms and the environments in which they live. The labo-
ratory and field activities are designed to encourage students to
develop their own powers of critical observation and analysis.

Lab Manual

Students will benefit from a thorough examination of topics
such as the physical and chemical properties of seawater, marine
microbes, algae, and a wide variety of invertebrate and verte-
brate animals through observation and critical-thinking activ-
ities. The new and more convenient spiral binding allows the
manual to lay flat while students work, and they can easily tear
out pages to submit for a grade.

Laboratory and Field Investigations in Marine Life, Eleventh
Edition is an ideal resource to accompany Introduction to the Biol-
ogy of Marine Life, Eleventh Edition and the clear choice for an
engaging, hands-on exploration of marine biology.

Lab Manual ISBN-13: 978-1-284-09054-3

Main Text + Lab Manual Bundle ISBN-13: 978-1-284-12406-4
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In closing, we encourage you, students and instructors alike, to immerse yourself in this material as much as possible and in as
many ways as you can invent. Spend time at the seashore just wading about.

Walk along a beach after high tide and examine the biological treasures that the sea left behind. Sit on the edge of a rocky tide
pool and watch the action before you. If you can, swim, snorkel or dive for a closer look. If you don't swim, learn. Watch how young
children observe things, and mimic their enthusiasm.

Pick up the less fragile organisms for a closer look.

Take a day trip on a fishing boat. Volunteer at a local aquarium even if you think you don't yet know enough to contribute; you'll
learn. Mostly, it is a matter of investing time—time in the field and time in the classroom. You will get to experience the fun stuff only
if you put in the time.

Deanna R. Pinkard-Meier
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John FE Morrissey
Sweet Briar College

James L. Sumich
Grossmont College
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