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Preface To The Second Edition

WERE IT POSSIBLE to thank individually and publicly the many biologists
who have generously written us, sending helpful suggestions based on the first
edition of this book, we would gladly do so. These comments plus further
personal experience have led to several new conclusions.

1. Although each teacher has his own preferred organization of biological
subject matter, he should be so broadly based in his subject as to be able and
willing to use whatever sequence of topics will best build interest, enthusiasm,
and curiosity in his students.

2. Initially, no doubt because students are animals and not plants, discus-
sion of topics related closely and obviously to man and mammals has a far
stronger appeal to most beginners.

3. Transfer of comprehension from the more familiar vertebrate anatomy
and physiology to the less familiar invertebrate and plant counterparts is
easier than the converse approach.

4. Extensive use of the compound microscope is more successful when
planned as a block, so that technical skills are built and maintained.

To match these conclusions we have rearranged chapter material. By enter-
ing the subject through its economic aspects, the student becomes quickly
aware of the social ramifications of biology, and sees the need for a systematic
arrangement of the plant and animal kingdoms. By following the discussion of
values with a brief consideration of classification, the taxonomic framework
comes more naturally. It then holds familiar knowledge and provides a basis
for later expansion.

At an early stage, the familiar is met again in examination of the chordates,
for which the chief tools are simple dissecting instruments. Non-chordate
multicellular animals are presented as alternative designs which meet the same
functional specifications. The single-cell organisms provide a logical bridge
to the plant kingdom on the one hand, and through the viruses to the non-
living chemical world on the other. We have amplified the consideration of
plants to emphasize again the alternatives in design features and the limita-
tions each design imposes. For ease of presentation, hormonal coordination
is treated separately in connection with multicellular function of animals and
of plants; from the teaching standpoint the common denominators in hor-
mones seemed less important.

While up-dating on the basis of new discoveries has been incorporated in
all chapters, we have continued to hold taxonomic and anatomical detail to a
minimum. We believe that for the student of general biology, allocation of
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time and space to a discussion of the social implications of the subject—par-
ticularly conservation—is of far greater ultimate importance. The chapter on
man’s future has been recrganized to make its message clearer. We have in-
serted a selected series of references to informative supplementary material in
books and magazines.

As in the previous edition, in lieu of a glossary, each technical term is in-
dexed. We believe that a term or its definition has little importance on its own.
It is but the hook on which to hang all future information on the topic. No one
gains an understanding of baseball as an exciting game from nine, two-line
definitions of the playing positions and a diagram of the field. No one gains an
understanding of a community of plants and animals, or of the cooperating
cells composing each one, or of the company of molecules in living substance,
from brief definitions of the component parts. For this reason we encourage the
student to develop instead a general understanding of each word.

LJIM. &M.J.M.
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Foreword

IN THIS NEW BOOK on living things, the authors are expressing their own
enthusiasm for the broad and integrated approach. They are convinced that a
factual understanding of biological science improves chances for a successful,
happy, and useful life.

The field of biology is so vast, and annual additions to it so impressive, that
elimination of nonessential information seems of paramount importance. We
have striven to include chiefly the background needed for intelligent evaluation
of reports on scientific progress in modern magazines and newspapers. Yet
appreciation of a science differs markedly from that of art, or literature, or
history. Science is an edifice, built on interpretation of a growing mass of
facts, whereas a picture or a play stands more on its own. Shakespeare, as
studied in 1800, 1850, or 1900, remains basically unchanged. History can
assume that driving forces go back only a small number of human generations,
and any national or international situation can be analyzed in a definite period
of years. But if any major body of scientific fact is omitted from consideration,
the interpretations based on them no longer have validity. This is the essence
of scientific method.

Biology differs vastly from decade to decade and, like other sciences, must
be reviewed repeatedly. Only after 1800 was the significance of fossils ap-
preciated widely; after 1850 the evolutionary point of view linked many
previously unexplained correlations; that microbes cause disease became evi-
dent less than a century ago; in 1900 biology could offer no solid information
on heredity; the use of antibiotic substances from living organisms in the
treatment of human ills goes back little more than a decade. Vitamins and
hormones are recent discoveries. In 1910 no one had done much to analyze
the inter-relationships of animals and plants with their environment, or to
survey possible needs for conservation practices. Whole new branches of
biology arise at irregular intervals, each built on the old and seldom reducing
the importance of earlier information.

To save space for emphasis on biological principles and the values of
biological study to mankind, we have dispensed with much cherished termi-
nology and detail. Facts are easy to memorize, to look up, and to forget.
Principles require for their understanding both factual background and a
higher category of mental activity. Understanding becomes a kind of ad-
hesive web to which present and future facts can cling. Pulling information
from any point in such an intellectual fabric stretches adjacent parts of the
web and brings related data into use. The well-knit mind, supplied with a

vii
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moderate load of facts, seems far more to be desired than a walking en-
cyclopedia arranged only in alphabetical order. Details committed to memory
may have a place in elementary schooling, and they must be a part of the
working knowledge of specialists. But the information and approach of the
present book are concerned with features needed for comprehension of scien-
tific method, for presentation of biological principles, for understanding of
human organization, and for a clear conception of the importance of other
animals and plants. Through these avenues life takes on new possibilities
and new freedoms.

A significant part of scientific method is analysis of a situation, and descrip-
tion of it in as precise terms as can be managed. We have tried to avoid terms
for their own sake, introducing only those that would be needed and met
again. Often they are familiar words employed with a more exact significance.
To draw attention to them as they arise in the chapters, boldface type has
been used. Beyond this vocabulary is the application of it, and this need not
be technical. Often it is merely normal curiosity directed into profitable chan-
nels. Nor have we neglected the natural history approach that is the beginning
and basic satisfaction in biology. A sympathetic interest in fellow living or-
ganisms brings greater pleasure in watching them, and provides a saner, better
informed realization of the value of a sound conservation program. We hold
that such is an essential foundation for every educated person.

An education is what remains as an individual’s point of view and mode of
thinking after most of the details learned in school have been forgotten. Many
of the facts may seem useless in prospect and in immediate retrospect. So are
the weary footsteps by which a person climbs a mountain. But without the

steps there is no view.

Durham, New Hampshire L.JM. &M.J.M.

This book is written not for knowledge, but for action.

—ARISTOTLE
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Endpaper Photos

Eastern winter: paper birch trees overlooking a snow-covered, frozen lake at the base of
Mount Chocorua, New Hampshire.

Western summer: a voung bull moose browsing on vegetation in a shallow beaver pond
near Moose, Wyoming, in the broad valley of Jackson Hole.

A bright-eyed robin watching for earthworms.

Frontier vegetation along the milky stream issuing as meltwater from the Nisqually Glacier
on the side of an extinct American volcano—Mount Ranier in Washington.

A Pennsylvania katydid on a leaf listens to others of its kind, using “ears” located just below
the knee joint of the forelegs.

As a larva, this longicorn beetle bored galleries in a dying pine tree near Lake Ontario. The
spread of the insect’s sensitive antennae totaled 4% inches.

Sea purses are black leathery bags with a twisted projection at each corner. The projections
become entangled in the seaweed among which these eggs are laid, until the young skate or
ray hatches. Storms often toss the empty shells on the beach.

The two large forward-facing eyes of this jumping spider allow it to leap accurately ten to
fifteen inches, from branch to branch, or to capture prey. Such a leap amounts to from
thirty to fifty times the length of the spider itself.

Wind-catching parachutes provide transportation for the many seeds in a dandelion head.
(Photo by courtesy of John W. Anderson.)

Morning dew in the Florida Everglades places pearl-like spheres on every orb web strung
by a busy spider during the quiet of the night. Some of these webs are six feet across, and
stretch from tree to tree.

A dogfish (shark) just prior to birth, still carryving a supply of food in the large yolk sac.
(Photo by courtesy of John W. Anderson.)

The sacred scarab of Egypt rolls a ball of dung to a suitable burying place, there to leave
it together with an egg, as a food store for the hatching larva.

A sand collar is the egg mass of a large carnivorous snail. It is formed of a mixture of
mucus, eggs, and sand around the outspread foot; then the parent departs through the gap.
leaving her six-inch product to wave in the sea water until the eggs hatch.

The chrysalis of a swallowtail butterfly is supported both at the abdominal tip and also by
means of a silken loop spun by the caterpillar just before metamorphosis. The transitions
from caterpillar to chrysalis and from chrysalis to adult require only a few minutes, but
the changes within the chrysalis require a number of days.

Canada geese over an Arkansas wildlife refuge. (Photo by P. J. Van Huizen, U. S. Fish &
Wildlife Service.)

This large green turtle staring through a porthole of the giant marine aquarium (“ocean-
arium’) at Marineland, Florida, is a near relative of turtles at Key West, in pens awaiting
conversion to turtle soup and turtle steak.

The many-branched arms of a basket star may confuse the apparent radial symmetry of its
body. Nets reaching the bottom in sea-fishing operations often gather in one of these less
familiar echinoderms.

A young buck of the pronghorn antelope exercises by houts with others of his kind, and
by using his horns to uproot sagebrush or other tough bushes of the arid lands—playing
with them as though with a ball.

Carl Linnaeus reduced the long Latin descriptions of plants and animals to a pair of words
which could serve as a scientific name.

The adult stage of the antlion shows none of the ferocity of the larval stage. The antlion or
“doodle bug” excavates conical pits in sandy soil and thrives on the juices of ants or other
insects that blunder down the treacherous slopes.

xiii
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1. Introduetion

1. FRONTIERS. 2. EVIDENCE. 3. GENERALIZATIONS. 4. PERSONAL RESPONSIBILI-

TIES. 5. PUBLIC RESPONSIBILITIES.

EACH YEAR a new class of students begins
college work, headed toward a bachelor’s de-
gree. Often the individual student lacks a clear
idea as to the significance of the coveted letters.

The general public has a far firmer notion
of what a college education means, although
this notion is unrealistic. “They” expect the
holder of a bachelor’s degree to be widely
read, familiar with the basic principles in every
field of learning, and to have a mind ready to
apply this knowledge to each problem or dis-
cussion that arises. The press may reflect dis-
appointment that fresh graduates come short
of these expectations. But the underlying con-
viction remains unshaken.

The student must exert himself in every one
of his four years to merit even part of this
esteem. He dares not specialize in language or
science, in history or animal husbandry, to the
point where his curiosity has no edge in other
subject realms. Life is not so tightly compart-
mented. Prime interests of the moment often
become secondary. Progress in a job may be
barred because a graduate has deliberately
narrowed his education and avoided the back-
ground for broader assignments.

1. FRONTIERS

In the liberal arts tradition, an education is
a cohesive and cumulative experience. It is
aimed toward helping a person toward intel-
lectual maturity, toward informed, considered,
nonemotional judgments. It seeks to develop a
way of thinking that can be applied to any
problem. The benefits of this education are ex-
pected to be more obvious ten or twenty years
after graduation than during the educational
process.

To be useful into an indefinite future and
relate to unpredictable events in years to come,

an introduction to biology must acquaint the
student with the field as a whole, give some
historical perspective to the subject, and en-
courage interest in its progress. Detailed atten-
tion cannot be given to any single aspect with-
out sacrificing the breadth of overview.

Unlike some other fields of knowledge,
however, biology requires for appreciation of
even basic principles a consideration of under-
lying facts which are unfamiliar to many
people. Moreover, the discovery of new facts
may call for a change in understanding and a
restatement of a scientific principle. But facts
have an eternal quality about them, and give
stability to the entire subject. This distinction
must become clear before scientific progress
can be understood.

A general biology course may provide the
chief contact between a student and a research
investigator. The student needs to learn what
the biologist does to gain new information in
the field or in his laboratory, and to see how
fresh findings are integrated with earlier knowl-
edge in planning future investigations. The
frontiers of knowledge lie close enough in
biological sciences for the student to see them.
On these frontiers newsworthy discoveries are
made every year. Gaining a perspective from
which to appreciate new advances in biologi-
cal and medical science is an essential part of
a broad education.

2. EVIDENCE

A laboratory science is a way of thinking, of
planning experiments, of analyzing results, of
seeking implications from facts. The method,
rather than the facts, may seem the most im-
portant feature.

Scientific method is a state of mind. It shows
progress in a lack of finality in findings. It
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stresses open-mindedness, tolerance for judg-
ments toward which factual support is ready,
and caution over opinions lacking this back-
ground. It displays wide interest in every rami-
fication of any piece of information. With
practice, this way of thinking becomes a habit
of thought. It encourages a person in any field
of endeavor to inquire *“What is the evidence?”
And to expect an honest, verifiable answer.

3. GENERALIZATIONS

If biology were merely a cataloguing of in-
formation, a process of pigeonholing facts, of
accumulating an encyclopedia, it would not be
a science. But the facts are related to one an-
other. A disease of plants has features in com-
mon with a different disease of animals. Hu-
man respiration is like the respiratory process
in almost any living thing. Even the building
blocks of which animals and plants are con-
structed are composed of corresponding mate-
rials throughout. Consequently, information
learned about one type of life can often be ap-
plied (after testing) to others, including man.

In biology a search is made for generaliza-
tions that can be applied. The breadth of each
is measured. Underlying causes are sought.
And practical advantage is seen in this inter-
changeability of information. It becomes worth
while to study every kind of living thing.

4. PERSONAL RESPONSIBILITIES

Each human being is a separate animal.
Like every other living thing, he is a cooperat-
ing system of component parts. So long as the
components operate normally and coordina-
tion is good, the individual is “healthy.” If
something goes wrong, symptoms of abnor-
mality appear.

Usually the first observer of these symptoms
is the person afflicted. This is true partly be-
cause a physician cannot live with his patient
as intimately as the patient lives with himself.
And to know when a physician’s help should
be asked, a person needs to know as much as
possible about what each symptom can mean.

The value of personal understanding of
body function and early recognition of signifi-
cant symptoms can be seen in the statistics for
death from cancer. A far smaller percentage of

medical men die from this malady than is
characteristic of the population as a whole.
Most medical men detect their own cancer
symptoms early enough to be cured.

5. PUBLIC RESPONSIBILITIES

Whether he likes it or not, man is com-
pletely dependent upon green plants for all the
food he eats, all the oxygen he breathes, for
the continuous flow of many of the springs
from which he obtains drinking water, for
lumber, and for many other materials used in
technology. His welfare is linked to the con-
tinued activity of green plants. Anything that
is detrimental to green plants is harmful indi-
rectly to mankind.

It is not enough for a few specialists to
know how a plant operates, and to understand
what affects plant welfare. The future course
of civilization depends to only a limited extent
upon scientists. It is the general public, their
clected officials in government, and appointees
of these people, who determine policies affect-
ing the future of all.

The educated person must know enough of
the structure, operation, and role of vegetation
to be able to express an intelligent, informed
opinion when his participation in public affairs
demands it. The pros and cons of a new dam
for electric power or irrigation may involve the
submergence of vegetation. Is the overall pic-
ture worth while or likely to be detrimental?
Installation of sewage disposal systems or
smoke-abatement devices may raise the costs
of local commodities. Is the expenditure ad-
visable? What is at stake? The responsible citi-
zen cannot depend entirely on the advice of
experts. He must be able to evaluate their rec-
ommendations, to ask further facts, and to un-
derstand what he is supporting. These respon-
sibilities require knowledge.

Man, with his civilization and domesticated
animals, constitutes the chief hazard for plant
life today. Unwittingly he can upset age-old
balances between local plants and local ani-
mals. Neither the plants nor the animals con-
cerned may be of any direct interest to him,
but their balanced activities determine in large
degree that the land he occupies has the char-
acteristics he finds worth using.

This balance is not merely the problem of



the forester, the lumberman, the farmer, the
rancher, the trader, or the businessman. The
standard of living of the entire country is
threatened. It becomes everybody’s business to
see that our lands are not wasted, that we
build for the future by wise use of the present.

Many of these responsibilities are delegated
to government agencies. Agencies, however,
function properly only as long as they know
the citizenry to be vitally interested in their
operations, and aware of recommendations
and practices. Agencies cannot succeed with-
out the support, both financial and moral, of
the people they represent.

To appreciate better these practical prob-
lems, it is important to have a reasonable
awareness of the plants and other animals. A
nodding acquaintance with the various kinds
of creatures leads to a respect for them and
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their rights to life. This appreciation leads
naturally toward enlightened cooperation with
conservation programs. It develops at the same
time a better understanding of the complexi-
ties of human existence.

Even the pursuit of happiness—guaranteed
by our Constitution—is easier if hobbies are at
hand. In the biology field, hobbies can have
the double value of enjoyment by the indi-
vidual and extension of scientific knowledge
for the benefit of all.

Sometimes the information organized in bio-
logical science seems impressive. One central
fact should be kept in mind: What is now
known about living things is infinitesimal in
comparison with what remains to be dis-
covered.

EDUCATION

It has been said before that a fundamental aim of education is to enable
men to live in time and space beyond the present and the immediate. The
majority of uneducated men and women appear to lead entirely somnam-
bulistic lives, never pausing between the cradle and the grave to look up
from the immediate task in hand, never raising their heads to take stock
of the long past or to survey the plains and mountain ranges that surround
them. In their trade, in their daily occupations, even in the thoughts they
express and the opinions they hold, they move without consciousness of
worlds beyond their own. Ask the uneducated tailor for a description of
the universe and see if it does not bear a striking resemblance to his own
shop, even though the reality stretches away from his door. To the un-
educated politician the goal of life is the advancement of his party, to the
uneducated intellectual it is the advancement of his cause or the acceptance
of his dogma. Each measures the world by his own shadow, overlooking
the assistance he had from the sun in casting it. All these people are the
victims of circumstances they cannot hope to understand, whether it is the
American mechanic who shouts for democracy or the European barber
who shouts for a dictator. In their somnambulism they are bound to the
wheel of the immediate present, and will be freed only when education
has awakened them to the breadth and scope of the universe they share

in common.

—LOUIS J. HALLE, JR. in Spring in Washington (New York:
William Sloane Associates, Inc., 1947), pp. 40-41.



