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PREFACE
TO THE THIRD EDITION

The emphasis of this revision was placed on the major free-living inver-
tebrate groups that constitute the core of most courses in Invertebrate Zoology.
Although updating and correction of errors were important concerns, much
attention was devoted to improving the coverage and presentation. A con-
siderable part of some chapters, especially those on flatworms, mollusks, and
lophophorates, was rewritten.

I am increasingly convinced that evolution and adaptive biology are the
most useful themes for facilitating an understanding and retention of the
tremendous diversity presented by invertebrates. Considerable new material
of this sort has been added and such topics as locomotion, feeding, and gas
exchange, which most strikingly reflect different modes of existence, have
been given more attention than some others. The conventional sequence of
topics has sometimes been altered where I felt that other arrangements would
enhance an overall understanding. Thus, for example, “gas exchange and water
circulation™ is an early topic in the section on gastropods, and the discussion
of the evolution of feeding precedes that on adaptive diversity of bivalves.

Although a particular evolutionary hypothesis has frequently been fol-
lowed in order to develop a context or framework for understanding, opposing
viewpoints have always been indicated, and I have increasingly taken a neutral
stand in many controversies on phylogeny.

The literature on invertebrates—books, reviews, and research papers—
continues to grow at an almost overwhelming rate. The transfer of important
material from that accumulation into a textbook such as this one is increasingly
difficult, not only because of the dispersed volume involved, but also because
of the need to keep the length of the text within reasonable limits. For this
edition, considerable anatomical and embryological descriptive details were
eliminated to make room for new material. The increase of approximately 100
pages over the previous edition results largely from new illustrations.

Courses in invertebrate zoology vary greatly in the emphasis of their
coverage. This text, like most others, is designed to accommodate that varia-
tion. Therefore, more material is presented than a student should be expected
to learn or remember. I continue to urge that this text be used to augment the
instructor’s course rather than be treated as a course in itself.

The illustrations received an extensive overhauling and have been
greatly enriched and improved. Some older figures have been deleted, and
some have been redone. Many new figures have been added. Largely respon-
sible for this new appearance of the book are Susan Heller and my wife,
Betty M. Barnes. Susan Heller, who is not only a fine artist but a knowledge-
able invertebrate zoologist, provided the new drawings, including the com-
posite figures of invertebrate inhabitants of Sargassum and the surfaces of
coralline stones. My wife provided many fine original photographs of a great
variety of material.

A



Vi PREFACE TO THE THIRD EDITION

This text has undergone considerable evolution since the first edition
appeared in 1963. Although the many changes certainly reflect the expansion
of literature over the past ten years, they also reflect the author’s own continual
study and more sophisticated knowledge of invertebrates. The new edition
further reflects the interest and generosity of many readers and friends who
have provided a wealth of helpful comments, suggestions, and information. To
all I am much indebted.

I am especially grateful to those persons who read sections of the manu-
script for this edition. They gave valuable advice and information and cor-
rected errors. They are not responsible for errors that may still remain. The
chapter on protozoans was reviewed by R. Barclay McGhee, University of
Georgia; sponges by Klaus Ruetzler, Smithsonian Institution; cnidarians by
Charles E. Cutress, University of Puerto Rico; turbellarians by Reinhard
Rieger, University of North Carolina; gastrotrichs by William D. Hummon,
Ohio University; nematodes by W. Duane Hope, Smithsonian Institution;
polychaetes by Marian H. Pettibone, Smithsonian Institution; leeches by Roy
T. Sawyer, College of Charleston; mollusks by Ruth D. Turner, Armelie
Scheltema, Robert B. Bullock, Elaine Hoagland, and Carol Jones, all at Harvard
University; arachnids by Herbert W. Levi, Harvard University; arthropod
compound eyes by Jerome J. Wolken, Carnegie-Mellon University; insects by
Pedro Barbosa, University of Massachussetts; non-decapod crustaceans by
Thomas E. Bowman, Smithsonian Institution; and decapod crustaceans by
Dorothy E. Bliss, American Museum of Natural History. The larger parasitic
invertebrate groups were reviewed by Sherman S. Hendrix, Gettysburg
College.

I would also like to thank Carol Ann Gray, June Fox, Philip Price, Esther
Clapsaddle, Katherine Barnes, and Christine Tougas for helping with many
tasks involved in the preparation of the manuscript.

As always, the help and encouragement provided by those associated
with the W. B. Saunders Co. did much to reduce the burden of the task. To my
editors, Richard Lampert and Jay Freedman, I am especially grateful.

ROBERT D. BARNES
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2 INTRODUCTION
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zones.

tends as much as 800 miles into the Arctic
Ocean.

Waters over the continental shelves com-
prise the neritic zone, and those beyond the
shelf comprise the oceanic zone (Fig. 1-1).
The edge of the sea, which rises and falls
with the tide, is the intertidal (littoral) zone.
The region above is the supratidal (supra-
littoral) and that below is the subtidal
(sublittoral). The continental slopes form
the bathyal zone, the abyssal plains form the
abyssal zone, and the trenches form the
hadal zone.

Vertical distribution of marine organisms
is largely controlled by the depths of light
penetration. Light sufficient for photosynthe-
sis to exceed respiration penetrates to only a
short distance below the surface or to depths
as great as 200 m., depending upon the tur-
bidity of the water. Below this upper eu-
photic zone is a transition zone, where some
photosynthesis can occur but the production
rate is less than the loss through respiration.
From the transition zone down to the ocean
floor, total darkness prevails. This region
constitutes the aphotic zone. The animals
that are permanent inhabitants of the aphotic
and transition zones are carnivorous, suspen-
sion, or detritus feeders and depend ulti-
mately on the photosynthetic activity of the
microsopic algae in the upper, lighted re-
gions. The aphotic zone animals are some-
times red, purple, or black.

The suspended or swimming animals of
ocean waters constitute the pelagic fauna,
and those that live on the bottom compose
the benthic fauna. Bottom dwellers may live
on the surface (epifauna) or beneath the sur-

A diagrammatic cross section through an ocean basin, showing the principal horizontal and vertical

face (infauna) of the ocean floor, and usually
strikingly reflect the character of the sub-
stratum, that is, whether it is a hard bottom
of coral or rock, or a soft bottom of sand or
mud. Many animals are adapted for living in
the spaces between sand grains and com-
pose what is commonly referred to as the
interstitial fauna or meiofauna. This group
includes representatives of virtually every
major phylum of animals, and a number of
previously unknown groups of animals have
been discovered here in recent years. Pelagic
and benthic animals are found in all of the
horizontal zones. For example, one can refer
to neritic pelagic animals or to the infauna
of the abyssal zone.

The neritic, or coastal, waters support a
greater population of marine life than do
those of the open ocean (oceanic zone). The
abundance results from the supply of nitrates,
phosphates, and other nutrients dumped
into coastal waters by rivers and streams or
brought to the surface by upwellings and tur-
bulence. These substances are required by
photosynthetic organisms, the producers
which form the base of the food chain for
animal life. Oceanic waters that have a low
productivity, such as the Gulf Stream and
the Sargasso Sea, are clear and blue. The low
concentration of plankton allows light to
penetrate to a considerable depth, and the
blue wavelengths are reflected from the
water molecules. Sea water that is rich in
plankton is green. Plankton and organic
detritus reflect yellow wavelengths, which,
combined with the blue wavelengths re-
flected by the water molecules, produce a
green color.
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In tropical waters of many areas the popu-
lation levels are lower than in temperate
and cold oceans. However, tropical and sub-
tropical seas commonly contain a greater
number of species than do temperate waters.
One of the world’s richest marine faunas in
numbers of species occurs in the Indonesian
region. The islands of this region—Borneo,
Sumatra, the Celebes, and others—repre-
sent all that remains of the great, sunken
land mass that once connected Australia with
southern Asia. The surrounding seas, from
the Gulf of Siam to the Arafura Sea between
New Guinea and Australia, are very shallow
and form the center of the rich Indo-Pacific
fauna.

At the other extreme the oceans’ abyssal
plains, which are perpetually dark and icy
cold, support a comparatively small fauna,
both in number of species and in number of
individuals.

Freshwater and Estuarine Environments.
The lakes of the world also exhibit a hori-
zontal and vertical zonation but their smaller
size, shallower depth, and freshwater con-
tent make them ecologically different in
many ways from oceans. The margin of a
lake, where light can reach the bottom, is
called the littoral zone. Within the littoral
zone the upper lighted layer of water, equiv-
alent to the euphotic zone of the sea, is in
lakes termed the limnetic zone. Within and
below the limnetic zone, the waters and
bottom of the lake belong to the profundal
zone.

Temperature is a primary factor controlling
the environment of lakes. In contrast to salt
water, which becomes increasingly dense at
decreasing temperatures, fresh water reaches
its greatest density at 4° C.; and thus when
lakes in temperate parts of the world are
warmed during spring and summer, the warm
water stays at the surface while the heavier,
colder water remains at the bottom. Little
circulation occurs between the upper and
lower levels, so that not only is the bottom
zone dark, but it is also relatively stagnant
from lack of oxygen and supports only a
limited fauna. With the advent of cold
weather, water of the upper stratum becomes
heavier and sinks, resulting in a general
turnover between the surface and the bot-
tom. Conditions are stabilized again in the
winter but with a reversed temperature
stratification, for now the lighter, colder
water in the form of ice floats at the sur-
face, and the warmer (4° C.), heavier water is
at the bottom. In the spring, following the

melting of the winter ice, there is another
turnover as in the fall.

Tropical lakes either have a single winter
turnover or exhibit a highly stable condition,
with little vertical circulation.

The junction of freshwater rivers and
streams with the sea is not abrupt. Rather,
the two environments grade into one another,
creating the estuarine environment, charac-
terized by brackish water, i.e., salinities
considerably below the 35 per cent typical of
the open sea. The estuarine environment em-
braces river mouths and surrounding deltas,
coastal marshes, small embayments, and
the finger-like extensions of the sea that
probe the coast or margins of sounds. It is
usually affected by tides, from which the
word estuary (aestus, tide) is derived. The
majority of marine animals are osmoconfor-
mers and stenohaline and cannot survive
greatly reduced salinities. The lower and
fluctuating salinities of estuaries thus restrict
the estuarine fauna to those euryhaline
marine invaders and few freshwater species
that can tolerate these conditions. The fauna
also contains some animals which have be-
come especially adapted for estuarine condi-
tions and are found nowhere else.

In the tropics a characteristic community
of estuarine environments, as well as of more
saline areas where waters are quiet, is man-
grove. Mangroves are species of small trees
that can tolerate saline conditions. They
occupy the intertidal zone and commonly
possess prop roots or special aerial roots
(pneumatophores) which project above the
water’s surface. The most highly developed
mangrove communities are found in the
Indo-Pacific, where numerous species form a
number of zones extending seaward. Such
mangroves may occupy vast coastal areas and
are virtually impenetrable. Red mangrove,
Rhizophora mangle, which possesses long
prop roots extending straight downward from
the limbs, is the common mangrove of tropi-
cal America (Fig. 1-2). Mangroves trap sedi-
ment and contribute to land building. They
create a habitat that is occupied by many
animals and other plants.

Plankton. Both oceans and fresh-water
lakes contain a large assemblage of micro-
scopic organisms that are free-swimming or
suspended in the water. These organisms
comprise the plankton and include both
plants (phytoplankton) and animals (zoo-
plankton). Although many planktonic organ-
isms are capable of locomotion, they are too
small to move independently of currents.
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Phytoplankton is composed of enormous
numbers of diatoms and other microscopic
algae.

Marine zooplankton includes representa-
tives from virtually every group of animals,
either as adults or as developmental stages.
Some species (holoplankton) spend their
entire lives in the plankton; the larvae of
others (meroplankton) enter and leave the
plankton at different points in the course of
their development. About 70 per cent of the
bottom-dwelling marine invertebrates have a
planktonic larval life. The animal constit-
uents of fresh-water plankton are more
limited in number. Plankton, especially
marine plankton, is of primary importance in
the aquatic food chain. The photosynthetic
phytoplankton—chiefly diatoms, dinoflagel-
lates, and minute flagellates—form the
primary trophic level and serve as food for
larger animals. As would be expected, plank-
ton attains its greatest density in the upper,
lighted zone; and in productive waters
planktonic organisms may occur in such
enormous numbers that the water appears
turbid.

Phylogeny. In the subsequent chapters,
the evolutionary histories of the various phy-
la are explored. Their evolution is frequent-
ly used as a basis for understanding the adap-
tive diversity within the phylum or class.
The final chapter in the book examines the
different theories and schemes which have
been proposed to explain the phylogenetic,

Figure 1-2. A mangrove at
low tide. This is red mangrove,
Rhizophora mangle. Note the
bolsters of algae surrounding
the prop roots. (By Betty M.
Barnes.)

or evolutionary, relationships between phyla.
In discussing phylogenetic relationships, it
is convenient to use such terms as primitive,
advanced, lower, higher, and specialized.
Unfortunately, these terms are not always
understood by students and tend to create
the erroneous impression that evolution has
proceeded from one group to another toward
some ideal state or goal of perfection. Such
terms as primitive and advanced are relative
and are significant primarily in discussing
evolution within a particular group of ani-
mals. For example, primitive species are
those that possess many, or the greatest num-
ber of, characteristics believed to have been
possessed by the ancestral stock from which
the living members of the group arose.
Advanced species are those that have changed
considerably compared with the primitive
condition, usually as a result of different
environmental situations or the assumption
of a different mode of existence. Specialized
usually refers to characteristics of species
that are especially adapted to a particular
ecological niche. The terms specialized and
advanced, however, should not be thought
of as meaning more perfect or better, be-
cause the environmental conditions for
which a particular, specialized species is
adapted may not prevail in primitive forms.
Moreover, while certain species possess
some primitive characteristics, these same
species frequently are specialized in other
respects.
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The terms primitive and advanced can be
particularly misleading when comparing
different phyla, because usually only one, or
a few, characteristics are being referred to.
For example, since multicellular animals
evolved from single-celled forms, the proto-
zoans are, in respect to this characteristic,
primitive as compared to multicellular
phyla. However, in other ways protozoans
are not necessarily primitive as compared to
metazoans, for they have undergone at the
unicellular level a great evolutionary devel-
opment, leading to an intracellular speciali-
zation unequaled by the cells of metazoan
animals.

The terms higher and lower usually refer
to the levels at which species or groups have
stemmed from certain main lines of evolu-
tion. Thus, sponges and coelenterates are
often referred to as lower phyla, since they
are believed to have originated near the base
of the Animal Kingdom phylogenetic tree.
This does not imply that sponges and coelen-
terates are primitive in all respects; for they,
like all other groups of animals, have fol-
lowed certain independent lines of speciali-
zation. Furthermore, this does not necessari-
ly imply that higher groups have evolved
directly through sponges and coelenterates.

No treatment of invertebrates is complete,

nor can there be a proper understanding of
invertebrate phylogeny, without some con-
sideration of fossil forms and extinct groups.
As much invertebrate paleontology has been
included as space permits. From time to
time, reference will be made to different
geological eras and periods. For the student
who has only a slight background in geology,
the geological time table of Figure 1-3 may
be of some value for later reference.
Bibliographies. The bibliography at the
end of each chapter is not intended to be a
selection of titles recommended for further
reading. The literature on invertebrates is
enormous, as one would expect, consider-
ing the vast area of biology it covers. Most of
this literature consists of research papers
scattered through a great number of bio-
logical journals published throughout the
world over the last 80 years. Obviously, any
list of such papers that might be given here
would have to be so limited in number and
so arbitrary a selection that its value would
be highly questionable. The bibliographies
in this text therefore are of a different nature.
They consist of two categories. One category
comprises the literature cited in the text;
the other category, which is of considerably
more importance to the student, consists of
important reference works on the group of in-

MOUNTAIN-MAKING
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RECENT AGE
F — 15,000
QUATERNARY o) EISTOCENE At '
PLIOCENE 150,000
CENOZOIC TER B ALPINE-CASCADIAN AOGFE
T —— 30,000,000
'a,  [OLIGOCENE -
Y EOCENE HIMALAYAN ANGIOSP ERMS
CRETACEOQOUS LARAMIDE AGE
MESOZOIC JURASSIC SIER BA NEVADR oF
REPTILES
TRIASSIC AND L 180,000,000
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FEROUS"
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Figure 1-3. Subdivisions of geologic time. (From Darrah, W. C., 1960: Principles of Paleobotany. 2nd Ed.

Ronald Press, New York.)
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vertebrates with which the chapter deals.
Those reference citations in which the cover-
age is not clearly indicated by the title have
been provided a brief annotation. Many of
these works contain the extensive bibliog-
raphies that the student should consult for
additional information on particular topics.

A listing of journals containing papers on
invertebrate zoology would serve little pur-
pose because of the large number involved,
and because so few are devoted to inverte-
brates alone. A few hours spent in a good
biology library with a bibliography from
one of the reference works described above
would be of much greater value in initiating
a student into the nature of journals of
biology.
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