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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-
dent’s 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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Preface               xi

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 Niño. 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. 

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

©
 R.

 Gi
no

 Sa
nta

 M
ari

a/
Sh

utt
ers

toc
k, 

Inc
.

Each of the chapters is designed to introduce 
key concepts, reinforce understanding, and 
encourage independent investigation and 
education.

•	 Student Learning Outcomes—Listed 
at the beginning of every chapter, these 
learning objectives prepare students for 
the material they will be learning. 

•	 Chapter Outlines—The chapter’s 
framework is clearly laid out to help 
students plan their reading and study.

  

Although commonly found along coasts, marine macroalgae are actually quite rare in the open ocean due to light limitations.

© Tao Jiang/Shutterstock, Inc.

C H A P T E R

STUDENT LEARNING OUTCOMES

5.1 Division Anthophyta Submerged Seagrasses  Case Study: Johnson’s Seagrass (Halophila johnsonii): 
The First and Only Marine Plant Listed Under the 
Endangered Species Act Emergent Flowering Plants5.2 The Seaweeds Structural Features of Seaweeds

5.3 Geographic Distribution  RESEARCH in Progress: Marine Plants and Algae 
as Nursery Habitats5.4 Global Marine Primary Production Study Guide References

CHAPTER OUTLINE

Marine Macroalgae and Plants
1. Compare and contrast the major groups of marine 

macroalgae and plants.
2. Choose one group of marine plants (Anthophyta), and 

describe how the group is adapted for submerged life.
3. Explain why green and red algae are more closely 

related to land plants than to brown algae.4. Compare and contrast the major body parts of 
macroalgae to those found in land plants.

5. Identify which areas of the world contain kelp forests, and 
describe why kelp forests are present in those locations.

6. Develop a hypothesis to answer the following question: 
why are red algae found in great abundance in the 
tropics?

7. Create a list of conditions necessary for high net 
primary productivity (NPP).8. Evaluate the NPP information provided in text, tables, 

and figures, and explain why it is so variable in different 
regions of the ocean.

5
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The Student Experience               xiii

•	 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.

temperatures. The terms poikilotherm and  ectotherm, often used 
interchangeably, refer to distinct aspects of body temperature 
control. Poikilotherms experience varying body temperatures 
in a 24-hour day and do not regulate their body temperatures 
physiologically; external conditions govern the body temper-
atures of ectotherms. In the sea, the temperature-moderating 
properties of water restrict fluctuations of temperatures experi-
enced by marine ectotherms. Most marine organisms are simul-
taneously ectothermic and poikilothermic.

For marine ectotherms, water temperature is a principal 
factor controlling metabolic rates. Marine ectotherms generally 
have fairly narrow optimal temperature ranges, bracketed on 
either side by wider and less optimal, but still tolerable, ranges. 
Within these tolerable temperature limits, the metabolic rate 
of many poikilotherms is roughly doubled by a 10°C temper-
ature increase. This, however, is only a general rule of thumb; 
some processes may accelerate six-fold with a 10°C temperature 
increase, whereas other processes may change very little. The 
actual effect of water temperature on the feeding rate of a typical 
marine ectotherm, a submerged barnacle, is shown in Figure 2.38.

Only birds and mammals use physiological mechanisms 
to maintain nearly constant body temperatures throughout a 
24-hour day. They are known as homeotherms. Their normal 
core body temperatures are maintained between 37°C and 40°C 
by the production of heat by internal tissues and organs. Thus, 
they are also considered endotherms. Endothermic homeotherms 
are less restricted by environmental temperatures than are their 
poikilothermic neighbors. As a result, they range widely to 
exploit resources over all thermal regimes available in the sea. 
Although they are less limited geographically than ectotherms, 
one trade-off is that endotherms use large amounts of energy 
to maintain their constant internal body temperature. Thus, 
endotherms have high energetic needs (they need to eat often).

A few large tunas, billfish, and sharks exhibit a thermoreg-
ulatory condition intermediate to the two just discussed. These 
fishes are poikilothermic, and thus their body temperatures 

Modified from Southward, A. J., Helgol. wiss. Meersuntersuch 10 (1964):391–401.

Figure 2.36 The temperature ranges of a variety of living organisms and for the 
major marine climatic regions.

Figure 2.37 Emperor penguins lay eggs and rear their young on ice during the harsh 
Antarctic winter.
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Figure 2.38 Graph depicting the filtering rate of a marine barnacle as a function of 
water temperature. The filtering rate drops dramatically as the barnacle is placed outside 
the range of tolerable temperatures.
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Figure 4.7 A common marine silicoflagellate slightly smaller than the coccolithophores shown in Figure 4.6.
NOAA Photo Library.

Figure 4.8 The size difference between a typical centric diatom and coccolithophore.
© Steve Gschmeissner/Photo Researchers, Inc.
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Sirenians inhabit coastal regions along both sides of Africa, 
across southern Asia and the Indo-Pacific, and across the west-
ern Atlantic from South America to Florida and the Gulf of 
Mexico. Within these regions they migrate seasonally, moving 
into warmer waters during the fall and winter. At one time, the 
Steller’s sea cow occupied parts of the Bering Sea and the Aleu-
tian Islands. It took hunters and whalers less than 30 years, 
from the time the explorer Vitus Bering discovered these 
slow quiet animals in 1741, to exterminate the species. Many 
threats to manatees currently exist because they inhabit near-
shore waters where humans frequently occur and their shallow 
waterways are being developed for access to the open ocean. 
Manatees are large and generally slow moving, so boaters in 
narrow waterways often strike these animals. Many manatees 
exhibit one or more patches of long scratchlike wounds on their 
backs from boat propellers running over the animals. Initially, 
it was believed that manatees were hit so often by boats sim-
ply because they are extremely slow, but research on manatee 
locomotion and hearing indicates a different reason for boat 
strikes. Manatees are able to move quickly in bursting move-
ments when startled, so they technically should be able to flee 
from an approaching boat. Manatees do not appear to hear well 
in the frequency range associated with boat motor sounds, par-
ticularly the frequency associated with boats moving slowly, so 
they do not hear the boats approaching. By the time a manatee 
may see an approaching boat, it is often too late, even with a 
quick bursting movement. In areas where manatees frequent, 
slow boating speeds are part of the regulations, but it appears 
that slow speeds are not helping to decrease manatee mortality.

Cetaceans
The evolution of members of the order Cetacea from terres-
trial ancestors has led to a remarkable assemblage of struc-
tural, physiological, and behavioral adaptations to a totally 
marine existence. In contrast to typical mammals, cetaceans 
lack pelvic appendages and body hair, breathe through a sin-
gle or a pair of dorsal blowholes, are streamlined, and propel 
themselves with broad horizontal tail flukes. Body lengths vary 
greatly from small dolphins a bit more than a meter long to blue 
whales exceeding 30 m in length and weighing over 100 tons 
(Figure 8.23). Convincing evidence of the tetrapod ancestry of 
whales can be seen during embryonic development. Limb buds 
develop (Figure 8.24) and then disappear before birth, leaving 
only a vestigial remnant of pelvic appendages.

The modern whales (cetaceans) are of two distinct types. 
The filter-feeding baleen whales (mysticetes) lack teeth; in their 
place, rows of comblike baleen project from the outer edges of 
their upper jaws (Figure 8.25). All other living whales (including 
porpoises and dolphins) are toothed whales (odontocetes) and 
are described later in this section. They are generally smaller 
than mysticetes, and most are equipped with numerous teeth 
to catch fishes, squid, and other slippery morsels of food. The 
smaller odontocetes, especially, are very social and are thought 
by many to be highly intelligent animals. Ongoing studies 
evaluating cetacean intelligence and communication capabil-
ities remain highly visible aspects of current marine mammal 

shark attacks on humans are not lethal, and if they are lethal, 
death occurs from blood loss, not the shark actually eating a 
human. The white shark takes a bite to incapacitate the misiden-
tified human prey, but humans are relatively small and thin with 
very little to offer a white shark energetically. Consequently, the 
shark does not return to finish the kill. In the summer of 2015 
an Australian professional surfer, Mick Fanning, was attacked 
by a white shark during a World Tour surfing competition in 
South Africa. Fortunately for Mick, the shark did not take a bite 
out of him, but attacked his surfboard. Once the shark realized 
the surfboard was not a pinniped, it retreated, and the surfer 
was able to swim to the safety of a jet ski.

From analyses of stomach contents, large white sharks 
appear to prefer seals and whales over other kinds of prey, 
such as birds, sea otters, or fishes. This selective preference for 
marine mammals that use fat-rich blubber for insulation may 
be related to the high metabolic demands on the shark to main-
tain elevated muscle temperatures and high growth rates in the 
temperate waters occupied by their seal prey.

Sirenians
Manatees, dugongs, and sea cows (order Sirenia, Figure 8.22) are 
large, ungainly creatures with paddle-like tails (manatees) or 
horizontal flukes (dugongs and sea cows) and no pelvic limbs. 
They are docile herbivorous animals and are now completely 
restricted to shallow tropical and subtropical coastal waters 
where they can secure an abundance of macroscopic marine and 
freshwater vegetation. They are the only extant marine mammal 
that is mostly herbivorous, and their herbivorous diet has led 
to several unique adaptations in their physiology and lifestyles. 
Plant and algal material contains less energy than meat, so sire-
nians must eat often. Their metabolisms are slower, and because 
they are endothermic they use a large amount of energy to main-
tain their body temperature above the ambient temperature. 
Like many herbivores, sirenians have adaptations for digesting 
plant material, including extremely long intestines and hind-
guts specialized for fermenting plant material. They also have 
specialized teeth for processing plant material.

Figure 8.22 A manatee floating, surrounded by snappers in Crystal River, Florida.
Keith Ramos/USFWS.
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depart. These females, accompanied by their calves, are the last 
to leave calving lagoons the following spring.

Accompanied by adult males, nonpregnant adult females 
arrive later than pregnant females and are also the first to leave 
the lagoon after approximately 30 days. They mate during the 
southern portion of their coastal migration or after they arrive 
in their winter lagoons. Both are environments of limited under-
water visibility, and thus direct observations of mating behavior 
have not been made. Based on above-surface observations of 
courting activities, mating appears to be promiscuous as it is 
in most other baleen whale species, although actual paternity 
is impossible to establish from direct observations of their very 
active and vigorous courting encounters (Figure 8.33). Courting/
mating groups including as many as 17 individuals have been 
observed; however, the intensity of the physical interactions 
during these courting bouts makes it impossible to determine 
the gender of all group participants, their interwhale contact 
patterns, or even accurate assessments of group sizes.

In the absence of direct underwater observations of gray 
whale mating behavior, arguments for promiscuous mating 
must be based on other evidence. In comparison with most 
other baleen whales, gray, bowhead, and right whale males 

The southward migration is initiated in autumn, possibly 
in response to shortening days or to the formation of sea ice in 
Arctic waters. The migration is a procession of gray whales seg-
regated according to age and sex. After they pass through the 
Aleutian Islands, gray whales follow the long, curving shoreline 
of Alaska (Figure 8.32). South of British Columbia, gray whales 
travel reasonably close to the shoreline, usually in water less 
than 200 m deep, within sight of land and likely within hearing 
of breaking waves on shore. The average speed of southbound 
gray whales is about 7 km/h. At that speed, most of the whales 
reach the warm protected coastal lagoons of Baja California by 
late January.

It is in these lagoons that the pregnant females give birth to 
calves weighing approximately 1 ton and measuring 4 to 5 m 
long. The new mothers remain with their calves in the Mexi-
can lagoons for about 2 months. During that time, the nursing 
calves more than double their birth weight in preparation for 
the rigors of a long migration back to the chilly waters of the 
Bering Sea. While in the lagoons and adjacent coastal areas, 
most lactating cows with new calves maintain a spatial sepa-
ration from other age and sex groups by occupying the inner, 
more protected reaches of the lagoons until the other animals 

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 is 
indicated by water color, with green representing the highest chlorophyll content and dark blue the lowest.
Courtesy of NASA.
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Figure 13.8 A variety of deep-sea organisms from various taxonomic groups: (a) slime star, Hymenaster; (b) a Venus flytrap anemone, Actinoschphia; (c) a deep-sea shrimp, 
Glyphocrangon, with relatively large eyes; (d) a purple sea cucumber, Elasipod; (e) a crown jellyfish, Atolla; and (f) a deep sea pycnogonid.
Courtesy of Ocean Networks Canada.

(a)
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(e)

(c) (f )
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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.
Courtesy of National Snow and Ice Data Center.
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Figure 14.23 The extent of Arctic sea ice during summer (right) and winter (left) shown as the white layer. The red line indicates the average ice extent from 1981 to 2010.
Courtesy of National Snow and Ice Data Center.
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Figure 13.8 A crown jellyfish, Atolla
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Figure C A snapper swimming and orienting within the DISC device, photographed by 
GoPro time lapse. The red circle indicates the location of the fish.
Courtesy of Dr. Claire Paris, Rosenstiel School of Marine & Atmospheric Science, University of Miami.

natural environment because it drifts with the currents and is made of trans-
parent acrylic and mesh material, keeping it open to sight, sound, odor, and 
other natural environmental fluctuations that may exist. Environmental sensors 
and a camera that operates all hours of the day and night are mounted on the 
DISC to record environmental parameters and swimming behaviors (Figure C).

The results of the DISC floating laboratory experiments are intriguing thus 
far and appear to coincide with observations of larvae swimming freely outside 
of a DISC environment. In a study conducted at several sites around the Great 
Barrier Reef, hundreds of damselfish larvae clearly oriented themselves so that 
they were swimming in a southerly direction. Their swimming behavior was 
affected by the amount of sun available, with swimming behaviors more con-
sistent under sunny skies and less so under cloudy skies. Time of day and angle 
of the sun (i.e., sun azimuth and elevation) also affected swimming behaviors. 
Results of observations of larvae in the DISC were very similar to those of free-
divers making direct observations of free-swimming larvae. The DISC, however, 
allows cue manipulation to find the mechanisms for orientation. For example, 
olfactory cues propagating in the open ocean as turbulent ebb plumes help fish 
larvae to find their way back to isolated atolls.

DISC observations of lobster postlarvae in the Florida Straits revealed clear 
patterns of swimming direction in which they were keeping a significant bear-
ing. In addition, the lobster postlarvae swam day and night, in contrast to results 
from a laboratory investigation that indicated swimming during the day only. 
Swimming orientation was generally against the prevailing northward-flowing 
Gulf Stream and was adjusted to veer toward the coast during ebb tides; these 
adjustments in swimming direction allowed them to remain on a shoreward 
trajectory. Lobster postlarvae also adjusted their swimming direction relative to 
wind direction, presumably using the wind to help them swim toward the coast.

The results of the DISC studies indicate that although larvae may not be 
strong swimmers given their small size, they are very capable of controlling 
their positions in the water to produce their desired end result: finding appro-
priate settlement habitat. Fish and invertebrate larvae appear to be very sen-
sitive to small changes in their environment and use these changes as cues for 
orienting, not only for the final settlement act, but during the days or weeks 
prior to settlement to maintain a suitable location along their journey. This area 
of research is wide open for new discoveries, as the vast majority of marine 
animals have a pelagic larval phase, and additional cues for larval orientation 
certainly exist and have yet to be discovered.

Critical Thinking Questions
1. Do you think that use of the DISC and other similar devices allows for 

observations of the natural behavior of zooplankton? Why or why not?2. It appears that some larvae orient better in sunny conditions than in 
cloudy conditions. Why do you think this is the case?

For Further Reading
Kough, S. A., C. B. Paris, and E. Staaterman. 2014. The in situ swimming and 

orientation behavior of spiny lobster (Panulirus argus) post larvae. Marine 
Ecology Progress Series 504:207–219.Leis, J. M., C. B. Paris, J.-O. Irisson, M. N. Yerman, and U. E. Siebeck. 2014. Ori-

entation of fish larvae in situ is consistent among locations, years and 
methods, but varies with time of day. Marine Ecology Progress Series 
505:193–208.

Paris, C. B., J. Atema, J.-O. Irisson, M. Kingsford, G. Gerlach, and C. M. Guigand. 
2013. Reef odor: A wake up call for navigation in reef fish larvae. PLoS 
ONE 8(8):e72808.
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•	 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.

•	 Research in Progress—One of our primary objectives is 
to show students that marine biology, like all sciences, is 
a dynamic and active field. Each year, recent discoveries 
about the sea are published in thousands of new scien-
tific papers. A popular feature in previous editions, these 
boxes have been fully updated to reflect current ongo-
ing research that will encourage students to learn more 
about real work being done in the field of marine biol-
ogy. Through these boxes we hope to show the process of 
science, as well as to suggest to our readers that marine 
biology is a vibrant field of study, ready for their future 
contributions. These boxes now include Critical Thinking 
Questions for student engagement.

7.3 Chondrichthyes: Sharks, Rays, 

and Chimaeras

Chondrichthyans exhibit th
ree basic body plans: st

reamlined 

sharks, dorsoventrall
y flatt

ened rays, an
d the unusual ch

imaera
s 

(Figure 7.8). The evolution of paired fins and biting jaws armed 

with teeth (features found in all groups of marine fish
es except 

agnathans) p
rovides sh

arks, ra
ys, a

nd their a
llies w

ith the 

stru
ctures needed for better maneuverability,

 faster sw
imming 

speeds, and ultim
ately far more effective predation.

Members o
f this class are often referred to as th

e cartila
g-

inous fis
hes, because although their sk

eletons m
ay be stro

ng, 

rigid, and highly mineralized, they use only cartila
ge for th

eir 

skeletons, and the bone tiss
ue characteristi

c of other vertebrates 

is absent in all m
embers o

f this class. T
he difference between 

bone and cartila
ge is t

hat cartila
ge is avascular, containing no 

blood vessels, w
hereas bone contains a highly organized sys-

tem of blood vessels th
at deliver oxygen and nutrients to

 bone- 

producing osteocytes and remove wastes. C
artila

ge is a
 hard 

Neither hagfish
es nor lampreys play major roles in 

 present-day marine communities. H
owever, b

oth groups of 

jawless fi
shes negatively impact im

portant fish
eries around the 

world. Lampreys are notorious fo
r th

eir d
estru

ction of fis
h-

eries within the Great Lakes of North America, and hagfishes 

routinely find and consume dying and dead fish
es caught on 

longlines, su
ch as cod, before commercial fish

ers h
ave tim

e to 

retrieve their gear and its v
aluable catch.

Hagfish slime is unique among animal mucus because it contains protein threads 

that help it expand dramatically when it contacts seawater. The sticky, expand-

ing mucus is what was thought to deter predators, and in 2011 this behavior 

was finally caught on video for observation by researchers. Because the slime 

expands, it basically chokes fish that are trying to eat the hagfish by clogging 

their gills. Video from 2011 also caught hagfish preying on other fish, a previ-

ously unknown behavior for this fish that was considered a scavenger, feeding on 

dead and decaying matter, and sometimes on small living invertebrates. These 

unique features are likely several of the characteristics that have allowed hagfish 

to persist for so long with success.

DID YOU KNOW?

Figure 7.5 An Atlantic hagfish captured in a trap during a research cruise. Notice the 

slime dripping off the scientist’s gloved hand.

NOAA.

Figure 7.6 Slime removal behavior of a hagfish.

Figure 7.7 Two sea lampreys, Petro
myzon

, attached to a host fish.

Courtesy of USGS.
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Orienting in the open ocean requires special adaptations for detecting the envi-

ronment and slight changes to the environment. Meroplankton are particularly 

affected by their abilities to manipulate their positions, because successful set-

tlement to their next habitat, the juvenile habitat, is crucial for survival. For 

many years the mechanisms behind larval settlement were poorly understood, 

and it was assumed that most meroplanktonic larvae were subject to currents 

and had little control over their locations in their environment. The large num-

ber of gametes released by adults was thought to make up for the low survival 

rates of larvae that only make it to the settlement habitat by chance.

Research efforts have been focused on larval settlement in an attempt to 

tease out cues for this dramatic shift in habitat use. Environmental cues such as 

lunar phase, tidal cycle, water temperature, scent, and salinity have now been 

correlated with the timing of settlement events for numerous species. Settle-

ment often has an age and/or size requirement, and once one or both of these 

requirements have been met larvae use one or more of the environmental cues 

listed above to time their transition from the meroplankton to the benthos. Now 

that it has been established that a variety of environmental cues influence set-

tlement, several questions remain: (1) how do larvae with limited swimming 

capabilities leave the pelagic realm and settle to the benthic realm? (2) are 

larvae more capable swimmers than previously thought? and (3) are larvae 

capable of orienting to increase their chances of settling to a suitable habitat?

Observing larvae in their natural environment is a difficult task. They are 

tiny, their distributions are mainly unpredictable and patchy, and their depths 

range drastically. Laboratory observations of reared larvae provide some inter-

esting information, but the question of whether behaviors are similar in the lab-

oratory setting and the natural environment introduces uncertainty. One group 

of scientists led by Dr. Claire Paris is working in the subtropical and tropical 

Atlantic, the Great Barrier Reef, the Red Sea, and the North Sea fjords to observe 

larvae in their environment using novel research methods. They are using a 

combination of a newly invented floating laboratory placed in situ (named the 

Drifting In Situ Chamber [DISC]; Figure A) and personal observations while 

freediving. Bubbles and noise from scuba equipment disturb the environment, 

thus Dr. Paris, a national record freediver, uses her freediving skills to place her 

equipment in the ocean and to deploy larvae into underwater behavioral arenas 

with little disturbance to the animals and the surrounding area (Figure B). The 

DISC allows for tracking of the orientation and behavior of fish larvae in their 

A Day in the Life of Meroplankton
RESEARCH in Progress

Figure A The DISC device invented by Dr. Claire Paris.

Figure B Dr. Claire Paris and her field assistant (and husband), Ricardo Paris, recovered 

an oceanographic sensor by freediving.

Courtesy of Dr. Claire Paris, Rosenstiel School of Marine & Atmospheric Science, University of Miami. Photo by Robin Faillettaz.

Courtesy of Dr. Claire Paris, Rosenstiel School of Marine & Atmospheric Science, University of Miami. Photo by William Trubridge.
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•	 Case Studies—A NEW Case Study box has been added 
to each chapter, taking a closer look at a particular organ-
ism. Each Case Study also includes Critical Thinking 
Questions.

Case Study

The Great Pacific Garbage Patch
Currents and gyres not only transport living organisms but also anything that is present in the water and light enough to be moved along within a water mass. The large gyres pictured in Figure 2.15 have been a topic of interest for researchers for decades, and 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 ocean 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 actual 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, but garbage patches are found in many other areas of Earth’s oceans. Floating debris accumulates within any moving water mass, and gyres are particularly good current patterns for this accumu-lation of junk.

An erroneous assumption that is often made concerning the garbage patches is that large pieces of trash are found floating around; however, most of it is actually small. Scientists studying these areas describe the trash as a peppery soup with larger garbage floating through it. The larger garbage may be derelict fishing gear, abandoned boat-ing equipment, and a variety of plastic items. Birds and fish often eat the plastic items, mistaking them for food (Figure B). Over time, garbage made of plastic breaks down into smaller pieces, some microscopic, and floats around with the currents. Some of the worst areas of accumulated garbage are not even visible to the common person sail-ing right through the area, unless he or she is looking closely for plastic peppery soup.The question now is the following: how do we clean up the oceans and get rid of these garbage patches? Cleaning up the ocean is a difficult task. Because the plastics are mostly very small, there is no feasible method to remove them. The best thing we can do now that we are aware of these garbage patches is to prevent the future addition of more debris. Until we stop adding more garbage to the ocean, all of the cleanup efforts possible will not make any difference to remedy the problem. We can do many things in our everyday lives to ensure that our trash does not make it into the ocean. Reuse or recycle whenever possible. Never, ever, pollute. It sounds simple, but many well-inten-tioned beachgoers accidentally leave beach toys, 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. It really is up to us to stop adding to the garbage patches that exist in our world ocean.
Critical Thinking Questions

1. Make a list of all the products you use in one day, including items used for food and drink storage (e.g., water bottle) and those used for enter-tainment (e.g., 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 plastic items. Propose alternative products that can be used in place of all of the plastic in your life.
2. Propose a possible solution for reducing plastic in the sea, and describe how your idea can be implemented.

Figure A The locations of large accumulations of trash in the North Pacific Gyre.NOAA Marine Debris Program.

Figure B A deceased albatross full of plastic trash.NOAA Marine Debris Program.
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xvi The Student Experience

STUDY GUIDE

TOPICS FOR DISCUSSION AND REVIEW1. Mesopelagic fishes differ from more familiar epipelagic 
and coastal fishes in many ways. Summarize these differences.

2. Summarize the proposed uses of photophores in marine 
animals.

3. What is the difference between holoplankton and meroplankton? List three well-known examples of each 
type of plankton.

4. Describe the common buoyancy structures used by 
pelagic marine animals.

5. Discuss the proposed advantages of vertical migration for 
mesopelagic species. Why do some mesopelagic species 
migrate to deeper waters at night?6. Describe the various mechanisms used by zooplankton to 

collect diffuse food.
7. Identify the proposed cues used by marine animals to 

orient in space during their long migrations. Are larvae 
capable of orienting, or are they just subject to the 
current they are traveling in?

KEY TERMS
antitropical 

distribution 337
countershading 340
deep sound-scattering layers (DSSLs) 342

diurnal 342
epipelagic zone 336
holoplankton 332
isolume 344
magnetoreception 352
marine snow 340
meroplankton 332

mesopelagic zone 340
neuston 348
photophores 341
physoclistous swim  bladder 349

physostomous swim bladder 349
pneumatic duct 348
pneumatophore 343
rete mirabile 350
vertical migration 342

KEY GENERA
Aegisthus
Architeuthis
Argyropelecus
Aristostomias
Bolinichthys
Bolinopsis
Calanus

Corolla
Cyclothone
Euphausia
Eurypharynx
Gigantactis
Glaucus
Janthina

Loligo
Melanocetus
Oikopleura
Oithona
Opisthoproctus
Pegea
Physalia

Regalecus
Sagitta
Sapphirina
Sebastes
Thalassiosira
Thysanoessa
Velella
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•	 Study Guide—Each chapter closes with a Study Guide section containing useful 
study tools for instructors and students:

Topics for Discussion and Review—These questions encourage further 
in-depth exploration of covered topics and have been evaluated and revised, 
updated, or replaced as needed from the previous edition.
Key Terms—A Key Terms list, including page numbers for all terms, is included 
to help students learn new marine biology vocabulary.
Key Genera—A list of Key Genera discussed in each chapter is a helpful study 
tool for students learning about new organisms.
References—Although this text includes more material than might be covered 
in one semester, instructors can select and mold the material to match their 
teaching styles and time limitations. With judicious use of outside supplemen-
tary readings, such as those suggested in the References section of the Study 
Guide, this text can easily provide the structure for a two-semester or upper-
level course.

•	 Additional Online Study 
Tools—Practice activities, 
prepopulated quizzes, and 
an interactive eBook with 
Web Links to relevant sites 
are available for self-study.
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Teaching Tools

•	 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 
of presentation.

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

•	 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.

•	 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-

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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40 Excercise 4 Marine Bacteria

 ❚ B. Staining
Before the bacterial cell wall can be stained, it is necessary to dry and fix the bacteria onto the slide. If this is not done before 

staining, the sample will wash off the slide.

Smear Preparation Procedure

1. Wash (using soap) a plain glass slide and allow it to dry.

2. Using a loop, put 2 loopfuls of sterile seawater slightly off-center on the slide (Figure 4.4a).

3. Using an inoculating needle, touch the colony to be inspected and transfer some of it to the slide. Mix the transferred 

organisms into the sterile seawater and spread over a large area (Figure 4.4b).

4. Allow the slide to dry at room temperature (Figure 4.4c).

5. Use a wooden clothespin as a slide holder, and pass the slide through the flame of a Bunsen burner six times, bacteria 

side up. The slide should become too hot to touch but not hot enough to incinerate the bacteria (Figure 4.4d).

Simple Staining Procedure

The bacteria may be stained using dyes such as methylene blue, crystal violet, or basic fuchsin. Staining will enable you to 

see more clearly the shape and arrangement of cells.

FIGURE 4.3 Hanging drop slide technique.

TABLE 4.1 Motility and Cellular Arrangement of Bacteria

Motility (describe) Cell Arrangement

Colony 1

Colony 2

Colony 3

(a)
(b)

(c)

(d)

(e)
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III. Bacterial Identification

1. Place the slides on the glass tubing suspended over a drip pan, and add dye to the smear. Allow to sit for 60 seconds 

(Figure 4.5a).2. Rinse with distilled water (Figure 4.5b).

3. Carefully blot dry with absorbent paper (do not rub the smear).

Gram StainingA more specific bacteriological analysis may require Gram staining of the cell walls. See Appendix D for the details of this 

technique.

 ❚ C. Analysis of Community Variations in Bacterial Decomposers

1. Describe the types of bacteria (according to shape, motility, and colony color) that appear to be most common in a 

sample from a local beach.

FIGURE 4.4 Smear preparation technique.

(a) Use a flamed loop to place two loopfuls

of sterile seawater on the slide. Place

the two drops slightly off-center. (b) Transfer a minute amount of the bacterial

colony to the seawater drop and stir.

(c) Allow to air dry or waft high above
the Bunsen burner flame. Do not
allow the water to boil.

(d) Pass the slide through the Bunsen burner

six times, organism side up. The slide should

become too hot to touch but not so hot as

to incinerate the organisms.
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5. Use a wooden clothespin as a slide holder, and pass the slide through the flame of a Bunsen burner six times, bacteria 

side up. The slide should become too hot to touch but not hot enough to incinerate the bacteria (Figure 4.4d).

Simple Staining Procedure

The bacteria may be stained using dyes such as methylene blue, crystal violet, or basic fuchsin. Staining will enable you to 

see more clearly the shape and arrangement of cells.

FIGURE 4.3 Hanging drop slide technique.

TABLE 4.1 Motility and Cellular 

Colony 1

Colony 2

Colony 3

(a)

(d)

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.

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 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
University of San Diego

John F. Morrissey
Sweet Briar College

James L. Sumich
Grossmont College
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