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PREFACE TO THE THIRD EDITION

When the first edition of this book was published in 1928, it was
the only work in which the principles and procedures of taxonomic
botany had been assembled in textbook form for classroom use.
Prior to that time students in this field had learned to name
plants mostly by the apprentice system, sometimes supplemented
by informal—rarely by formal—lectures. The situation was
aptly stated by A. S. Hitchcock, himself a teacher for many
years, in his ‘‘Descriptive Systematic Botany’” published in
1925. ““Descriptive taxonomy at present may be likened to a
craft, in which the art or technique has not been committed to
writing but is handed down by tradition.” Again in the text he
states, “The student’s first experience in the general identifica-
tion of plants may be obtained while he is servmg as an assxsta.nt
in botany at a college or an experiment station.”

Since that time, the situation has radically changed. Students
in systematic botany have always wanted a textbook in this
field, and belatedly teachers of the subject are becoming ‘text-
book-minded.” They now realize that even good formal lectures
need to be supplemented by a textbook here as in other branches
of science, and that fragmentary assignments to technical
literature do not serve the same purpose to beginners.

This third revision has involved two major problems: (1) the
sequence in which the topics should be presented, and (2) the
determination of what should be presented in an introductory
course and what should be reserved for advanced work.

As for the sequence of chapters, the principal change in this
revision has been to introduce the actual study of plant groups
earlier, deferring the more abstract principles until later in the
course. However, the subject matter is so organized that, after
the first two chapters have been studied, the others can be taken
up in almost any sequence.

The choice of material to be included in the book is more
difficult, and some things are included that most beginning
students will not use. This statement applies especially to the
reports of recent taxonomic researches and to references to books
that undergraduates have little occasion to consult. However,
there is little demand for a textbook of advanced taxonomy, 8o it

vii



viii PREFACE TO THE THIRD EDITION

seems best to include some of these references here, to be referred
to in later courses.

Teachers of plant taxonomy have not yet settled down to any-
thing approaching a standard method of introducing this subject
to the students. Probably there is more difference here in the
method of approach than in any other branch of science. The
author has made a special effort, through correspondence with
many distinguished botanists, to produce a book that will satisfy
the requirements of most teachers of taxonomy. The question
of including the ‘“‘experimental method’ of geneticists and
ecologists in an introductory book while that subject is so new
and calls for advanced prerequisites is a difficult one. It has been
solved by explaining the method and its accomplishments and
limitations in an elementary way in appropriate places, par-
ticularly in Chaps. I, X, and XII, and leaving the further
development of it for advanced courses.

Most of the chapters have been thoroughly revised and ampli-
fied, some almost entirely rewritten, and a new one has been
added on methods of identification; but at the same time an
effort has been made to keep down the size and cost of the book
so that it will not be prohibitive for the student to buy both it
and the necessary manual for the identification of his collection.

This opportunity is taken to express the author’s gratitude
for the help given in the revision by a number of taxonomists.
Especial thanks are due to Dr. David D. Keck of the Carnegie
Institution for his help in presenting the ‘‘ experimental method,”
which lies in his field of research; Dr. George H. M. Lawrence
of the Bailey Hortorium, Cornell University, for valuable sug-
gestions on almost every chapter; Dr. Lincoln Constance and
Dr. Willis L. Jepson of the University of California; Dr. Herbert
F. Copeland of Sacramento, California Junior College; Dr. H. T.
Darlington of Michigan State College; Dr. H. R. Totten of the
University of North Carolina; Dr. J. M. Greenman and Dr. Edgar
Anderson of the Missouri Botanical Garden; Dr. Aaron J. Sharp
of the University of Tennessee; Dr. George Neville Jones of the
University of Illinois; Dr. W. E. Booth, Montana State College;
and Mrs. Lois Payson, librarian of Montana State College, for
her indispensable help on the literature of systematic botany.

BozeMAN, MoNT.,

DEANE B. SWINGLE.
January, 1944. :



PREFACE TO THE FIRST EDITION

It is a matter of more than passing interest that in the oldest
branch of botany comparatively little attention has been given
to methods of presentation to the student. While the teaching
of most botanical subjects in our colleges is on a par with that of
other branches of learning, the teaching of taxonomy, especially
that of the higher plants, is not always a credit to the profession.
Too often highly trained specialists, with a vital interest in their
collections and an intense zeal for precise distinctions and
accurate determinations, are content to lead their students
through the paths of the apprentice, with little regard for any-
thing but the technique of collecting, preserving, and naming,
and certainly with little attempt to unfold to them in logical
sequence the underlying principles of this branch of botanical
science. Of late, a few teachers are giving lectures on the
principles fundamental to systematic botany, but lectures not
supplemented by assigned reading are wholly inadequate for
the beginner. In the field of general botany we have a wealth
of textbooks, some of them splendidly written; and in plant
physiology, histology, ecology, and even in the newer fields of
cytology and phytopathology a few good texts can be found.
But while the naming and classifying of plants have been going
on for centuries, no textbook is available that adequately sets
forth the principles of taxonomy and nomenclature.!

A number of good reference books there are, to be sure, and
many valuable papers on most phases of the subject. Inter-
national congresses have been held to encourage uniformity in
principle and practice. We have good systematists, and others
are being reared to take their places. Notwithstanding these
facts, however, no textbook is available to bring systematic

1 The author has not overlooked two books of especial value in this con-
nection. The first is J. C. Willis’ “Flowering Plants and Ferns” which
contains some valuable information on principles and methods. The
second is A. S. Hitchcock’s ‘‘Descriptive Systematic Botany’ published in
1925. Professor Hitchcock’s book is especially valuable in its up-to-date
treatment and its well-chosen topics fundamental to modern taxonomy
and nomenclature. From the preface and the method of treatment, how-
ever, it is evidently intended as a reference book rather than a classroom
text.

ix



X PREFACE TO THE FIRST EDITION

botany to the student in logical and pedagogical form. It is for
this reason only that these pages are written.

This book is an outgrowth of a course given at the Montana
State College for the last fifteen years. It is designed to cover
one semester, preferably the second, so that the fundamentals
may be established during the colder months, and supplemented
by field work with the opening of spring. Systematic botany
should be preceded by a course in general botany, without
which the student will fail to grasp the fundamental principles
of phylogenetic taxonomy and will find that the examples used
are mostly unfamiliar and meaningless.

It is not intended that this text shall in any way supplant the
manuals used for identifying plants. These are already numer-
ous and cover the flora of practically every part of the country,
though lacking somewhat in harmony of detail, and this book is
to supplement rather than to compete with them.

The purpose of the first part is to set forth and illustrate the
principles and rules on which systematic botany is based. The
second part describes some sixty families of spermatophytes,
chosen because of their size, economic importance, or peculiar
interest. To secure best results, a considerable portion of the
time must be given to laboratory and field work, chiefly devoted
to actual identification of the local flora by the use of the keys and
manuals best suited to that locality.

The author takes this opportunity of expressing his gratitude
to all who have aided in the work, either through valuable sug-
gestions or the use of their libraries, and especially to R. A.
Harper of Columbia University, J. E. Kirkwood of Montana
State University, Ernst A. Bessey and H. T. Darlington of the
Michigan Agricultural College, A. S. Hitchcock of the U. S.
Department of Agriculture, M. L. Fernald of Harvard University,
Aven Nelson of the University of Wyoming, Alfred Gundersen
of the Brooklyn Botanic Garden, and R. J. Pool and T. J.
Fitzpatrick of the University of Nebraska.

DeaNE B. SwiNGLE.

BozemaN, MoNT.,
February, 1928.
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WHAT IS SYSTEMATIC BOTANY?

Systematic botany is the science of classifying and naming
plants. Plant taxonomy lays emphasis on classification as an
expression of phylogenetic relationships, and nomenclature
provides each species with a4 name. Systematic botany includes
both. Some people’s interest in systematic botany is satisfied
by a knowledge of the local flora and an ability to identify it, an
interest that has been widened by automobile travel. This is but
a limited aspect of a large subject. Important work in this field
is the building of great herbaria with specimens from all over the
world classified chiefly by comparative morphology. A newer
taxonomic outlook is the study of the progress of evolution
through experimental work, by crossing plants of different
degrees of relationship, studying the products under different
environmental conditions, and noting their establishment as new
species or subspecies or their failure to survive for genetic or
ecological reasons.

The modern systematic botanist, if he is to go far in his
profession, needs a good background in general botany, cytology,
genetics, ecology, plant geography, and paleobotany; otherwise,
he can only collect, name, preserve, and catalogue plants, without
understanding their origin. This is all the amateur systematists
and some professionals attempt to do.

Obviously the students of systematic botany need to devote
years of time to the subject, and teachers are much at variance
as to the sequence in which the different topics should be pre-
sented. The trend, however, is toward having classes in the first
course become familiar with as many plants as possible, know
the principles involved, and receive an introduction to the newer
experimental methods of geneticists and ecologists, which are not
vet well enough established to be presented in dogmatic form.

Advanced courses in systematic botany should keep in close
touch with research in all related fields.

XV






A TEXTBOOK OF SYSTEMATIC
BOTANY

INTRODUCTION

Modern systematic botany holds a unique position. It is in
itself a science with its own ideals and its own rules and principles.
The orderly classification of the wealth of vegetation that adorns
the earth, a terminology understood by all nations, an application
of the laws of evolution—these things in themselves are worthy
of man’s best efforts. It has, however, another service to per-
form. It must aid those in other fields of endeavor, who make
use of plants for many purposes, to know the identity of the kinds
they use and their relationships to others.

Nomenclature deals with names, which may or may not indi-
cate relationships. Taxonomy seeks to group plants on a basis
of similarities and differences, these being, as we now believe,
expressions of actual phylogenetic relationships—“blood rela-
tionships’’ as we say of the higher animals. We might conceiv-
ably have names without classification, but we can scarcely have
classification without names. Indeed, names are necessary in
almost any kind of discussion.

Particularly close is the relationship between systematic
botany and ecology. Names have little interest in themselves.
It is only when attached to objeets of study that names become
significant. The out-of-door botanist not only names the plants
but also notes their distribution, environment, scasonal develop-
ment, and characters suggestive of economic value.

EARLY BOTANICAL WORK IN AMERICA

In America the development of botany in all its aspects has
been an interesting one. The first distinguished American bota-
nist was John Torrey, who, after graduating from the College of
Physicians and Surgeons in New York, found greater interest in
plants than in medicine and became New York State Botanist in

1



2 A TEXTBOOK OF SYSTEMATIC BOTANY

1836. He established two journals, the Flora of the State of New
York and Flora of North America, and helped to start the young
Asa Gray on his career in botany. The Torrey Botanical Club
with its two publications, the Journal of the Torrey Botanical Club
and the Torrey Botanical Club Memoirs, testifies to the great
esteem in which he was held by the younger botanists of his time.

America’s great pioneer systematic botanist, Asa Gray, after
graduating in medicine and gaining an inspiration and much
botanical knowledge from John Torrey, studied for a time with
the more experienced botanists of Iingland and returned to this
country, where he was made Professor of Natural History at
Harvard University, a position that he held up to the time of his
death in 1888. He found in this country a veritable paradise, a
vast and little-explored region with many familiar forms and not
a few that were new to science. His tireless efforts, boundless
enthusiasm, keen discrimination, and sympathetic attitude
endeared him to his students and associates. It is little wonder
that his modest laboratories became a Mecca for American bota-
nists, both professional and amateur.

Gray’s influence was far-reaching, especially as it came during
a period when many were becoming interested in work on the
flora of this new country. In colleges and universities the taxo-
nomic aspect of botany became almost an obsession. The
making of herbaria dominated botanical departments. Dr. Gray
had sought to have centered at Harvard University a well-
balanced series of courses in botany, including morphology and
physiology, but the general enthusiasm ran irresistibly into the
taxonomic field. As a result, many in the next generation of
botanists used and taught this branch almost to the exclusion of
others. This was quite unfortunate, for the impression was
given that the chief purpose of botany was to collect and name
plants. Indeed, in the minds of many people botany meant noth-
ing else. Such an objective alone could hardly meet the approval
of the masses, and botany lost favor accordingly. Appropria-
tions were grudgingly given, and many students resented the
courses where the practical value was not obvious. Fortunately,
America produced a few great men who, in addition to being dis-
tinguished systematic botanists, had a broad outlook on the entire
field of botany and were truly inspiring teachers. The strenuous
efforts of Charles E, Bessey, W. A. Kellerman, W. G. Farlow,
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John M. Coulter, and others soon restored the balance of empha-
sis in the colleges, and, indeed, the pendulum again swung too
far. Many of the herbaria were stored away, classification
ceased to be taught, and hundreds of students graduated from
botanical courses without knowing the names of even a score of
plants and without ever having attempted to use an analytical
key. The layman, however, moving more slowly, continued to
believe that botany had its beginning and end in nomenclature.

A Ll

Fia. 1.—Asa Gray (1810-1899). Fia. 2.—John M. Coulter (1851-
Great pioneer systematist of Harvard  1928). Systematist and morphologist,
University and inspiration to many and inspirational teacher. For 30
American  botanists. (Courtesy of years head of the department of
Alfred Gundersen, Brooklyn Botantic botany in the University of Chicago.
Garden.) He was highly instrumental in estab-

lishing botany in America on a broad
basis. (Courtesy of Alfred Gundersen,
Brooklyn Botanic Garden.) v

~

Systematic botany in this country has now found its proper
place with the other branches of botanical science. It has its
highly trained specialists, most botanical students include it in
their curricula, and the amateur finds in it his chief source of
delight.

Fortunately, the antiquated methods of teaching systematic
botany by the apprentice method are being replaced by the more
modern ones using lectures, laboratory work, and field trips and
grounding the student in the principles of taxonomy and the
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rules of nomenclature that have made botanical science as a whole
a subject of respect.

PURPOSES OF SYSTEMATIC BOTANY

The absolute dependence of man upon plants, the many kinds
that he uses, and the varied purposes he finds for them have long
made the necessity for plant names of some kind imperative. To
primitive peoples, who were content to apply some kind of name
to only those species that were especially useful, harmful, or
interesting, and who traveled but little, relationships of species
were rarely thought of. Just a few simple names served every
purpose. However, the application of scientific thinking to
considerations other than economic called for a more orderly
procedure.

It should be clearly understood at the outset that the study of
systematic botany involves two major procedures: (1) the estab-
lishing of the relationships that exist naturally between many
groups of plants, and (2) the giving of names, common or
scientific or both, to all groups or kinds of plants. The first is
called taronomy and the second nomenclature. The scientific
mind is not content with names alone. If we study any group of
objects, from atoms to heavenly bodies, we inevitably endeavor to
classify the members of the group. This orderly arrangement is
the first step in scientific treatment.

The systematic botanist finds about him millions of individual
plants. No two are exactly alike, yet some are nearly so, while
others are so different that they show scarcely any bond of rela-
tionship. By noting and comparing the similarities and differ-
ences, the makers of this science have brought out of chaos a
fair]y orderly system. Thus a profession has been set up in which
the specialist, by establishing names and descriptions of thou-
sands of specimens, performs a service to all who deal with plants.
He determines their group relationships, their distribution,
properties, and other points of interest. Systematic botany
forms a groundwork for all sciences dealing with plants.

The myriad uses of plants make it necessary for many people
who are not taxonomic specialists to have some knowledge of
plant names and classifications. When we consider that green
plants offer the greatest means of utilizing energy from the sun,
that plants directly or indirectly furnish most of our food, cloth-
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ing, shelter, fuel, medicine, paper, decorative materials, and many
other useful things, we are made to realize that an orderly classifi-
cation of them, understood in some measure by all civilized
people, does much to prevent confusion and to facilitate cooper-
ative effort.

Forestry.—Very extensive use of systematic botany is made in
forestry. Every kind of tree must be named and classified, and
its characteristics, distribution, and abundance must be learned.
But forestry is not limited to the production of lumber. The
national forests are extensively used for the grazing of livestock;
and those who control the leasing and use of forest lands for this
purpose must be familiar with all forms of vegetation and must
know the palatability and food value of each kind, its methods of
propagation, and the amount of grazing it will stand without dan-
ger of depletion. Furthermore, increasing use is made of the
forests for recreational purposes, and national parks and forestry
services are publishing splendid bulletins, some with beautiful
illustrations, on the plants and shrubs that are most attractive to
visitors.

Agriculture, Horticulture, and Floriculture.—In the broad field
of plant breeding extensive progress has been made in recent years
in the securing of improved varieties of grains, fruits, flowers, etc.
This is not accomplished by haphazard tests but follows definite
procedures. Crossing is usually involved, and a knowledge of
species and varieties from a world standpoint is required to secure
suitable stocks for the purpose. Even varieties resistant to
diseases that can be controlled by no other method have been
secured in this way. Foreign seed and plant introduction is done
mostly by men well versed in systematic botany.

Range Management.—As the years go by, the American people
are becoming more conscious of the fact that our once fertile
lands, both wooded and prairie, are being exploited to a point
where erosion and dust blowing, added to a depletion of humus
and of inorganic food materials—especially nitrates, phosphates,
and potash—by cropping have become national problems.
Courses in range management are being established that make
more study of plant life than of livestock. We are coming to
realize that the conservation of native grasses and other plants
and the selection of species best suited for holding the soil call for
the efforts of ecologists who are well trained in systematic
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botany. Indeed, forestry and range management furnish the
greatest practical application of this branch of botanical science.

Ecology.—The character of the vegetation has long been known
as a valuable index of soil conditions. Certain species are defi-
nitely hydrophytie, xerophytic, or halophytie, and soil characters
of all kinds may be indicated by the vegetation growing on the
surface. In many cases good ecologists can quickly interpret the
character of a land area by its vegetation, with little or no study
of the soil itself.

The plant ecologist must be a close student of systematic
botany, knowing both the names of plants and their relationships,
for his conclusions with regard to the effects of environment and
the succession of species on an area would be wholly misleading if
applied to species or groups different from the ones specified.

The helpfulness of systematic botany and ecology is mutual,
for, as explained later, a wholly new conception of plant species
and their evolutionary origin is coming from a combination of
genetic and ecological studies made by crossing related plants and
studying the resulting products.

Paleobotany.—One of our greatest difficulties in tracing rela-
tionships of plants and animals is that the ancestral forms con-
necting existing species have disappeared. The scattering fossils
that are found here and there, though presenting a fragmentary
picture, are very useful in revealing the characters of these ances-
tral forms and have real significance to those who have for a back-
ground a knowledge of taxonomy. Much of the research in
taxonomy is concerned with piecing together the discoveries in
paleontology, genetics, cytology, and other branches of science
into a working plan of classification.

In many groups classification has proceeded only far enough to
associate certain forms of life that have a kind of resemblance that
may or may not represent actual relationship. The systematic
botanist has not yet reached the place where he can afford to be
static. His classification must be flexible and frequently revised
to embody new information and to adjust itself to the newer view-
points. If he takes this progressive attitude he can be of tremen-
dous service in summarizing and utilizing the discoveries of
investigators in related fields. He has a duty beyond the mere
naming of plants.

From the foregoing it will be seen that collecting the flowering
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plants of a limited region and learning their names is but a simple
and superficial part of the science of systematic botany.

Amateur Botany.—With the growth of the different sciences
there is a desire on the part of many people to study them from
the amateur’s standpoint. Probably no other science, except
possibly geology, has so captured the interest of the amateur as
botany. Such studies could be made in any field of this science,
but systematic botany is the one with the greatest appeal. This
is largely due to the fact that it gives an opportunity for satisfying
the human desire to collect. While some amateur collections of
plants serve only a temporary purpose, others are of great value
and contain thousands of specimens accompanied by important
ecological data. Usually such collections are finally donated to
educational institutions where they will be protected from fire and
other destructive agencies.

More and more the spirit, of service is pervading the scientific
world. With increasing effectiveness representative men in each
science will apply their work and that of their colleagues to every-
day life. Inharmony with this tendency, the systematic botanist
of tomorrow will add to the names and classification of plants
much information of value to the human race.



CHAPTER 1
EVOLUTION IN RELATION TO TAXONOMY

Several bases of classification have come into use, each designed
to serve a special purpose. Some of these grew out of the eco-
nomic uses of plants; others were founded on gross structural
resemblances such as habit of growth—trees, shrubs, vines, and
herbs. All these systems were fragmentary and incomplete, and
those plants that did not fit the classification or had a different
interest were ignored. For example, plants not regarded as
medicinal received little consideration by the early herbalists.
At the present time many wild plants that are not known to be
either beneficial or harmful to agriculture are ignored even by
those whose scientific training in agriculture has included con-
siderable botany. Only one system of classification has made
any pretense to completeness, and that is the one now in use
which is based on natural relationships.

Before the conception that existing species originated by evolu-
tion had been proposed, ‘“‘natural relationships’”’ among plants
and among animals were described. Certain families such as the
Umbelliferae, Compositae, Gramineae, and Leguminosae were
recognized through morphological similarities in flowers, inflo-
rescences, leaves, etc., but the expression ‘‘natural relationship”’
did not have the significance that it now has. It meant merely
similarity of parts. That the early conceptions of relationship
among living things were based largely on comparative morphol-
ogy is fortunate, for this has been found to be one of the best
criteria of phylogenetic relationship.

IDEALS IN CLASSIFICATION

There are three conceptions of classification that must be
understood in studying systematic botany.

1. Natural classification refers to the relationships that exist
among plants as a result of evolutionary development, regardless
of man’s knowledge of the subject. These natural relationships

8
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actually exist and would exist if there were no human beings on
earth to study them.

2. Taxonomic classification is the result of man’s efforts to
express or describe natural classification and put it into form for
discussion and use. Inevitably it is imperfect, incomplete, and
subject to improvement, for it is built on incomplete evidence and
even personal opinion concerning natural classification.

3. Artificial classification is a grouping, generally for conven-
ience, that does not pretend to express natural relationships.
Often it is the result of using asingle character as a basis for classi-
fication rather than a combination of characters, which is now
recognized as the surer method of bringing out actual relation-
ships. Making a single class that would include all thallophytes,
or all spermatophytes that lack chlorophyll, but no others would
result in an artificial group.

Methods of Classification.—The ideal -classification must
embody two qualities. It must show actual phylogenetic
relationships, and it must be reasonably convenient for practical
use. If it fails to show true relationship, it is artificial and does
not satisfy the discriminating thinker, although it may be con-
venient for use. Too often, however, as in the bacteria and some
groups of fungi and algae, an artificial grouping has had to suffice
until a taxonomic classification could be perfected. If, on the
other hand, a natural system is too involved and too difficult of
comprehension, and especially if, in addition to these faults, the
phylogenetic evidences are incomplete and debatable, such a
system fails to gain general acceptance and may have to give way,
at least temporarily, to one that is more artificial. Many bota-
nists believe that different classes of fungi originated from as
many groups of algac not closely related to each other and that a
natural phylogenetic classification should show a closer relation-
ship between certain fungi and certain algae than between the
different groups of fungi. Nevertheless, they continue in actual
practice to treat the fungi as if they were a homogeneous unit.

One of the advantages of a phylogenetic classification over an
artificial one is that it is safer to generalize in related groups than
in unrelated ones. For example, if one is well informed concern-
ing a few species of Pinaceae, Gramineae, Leguminosae, or
Cucurbitaceae, he can assume the likelihood that some of his
knowledge will apply to other members of the same family,
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although some verification will be necessary and differences in
detail must be expected. On the other hand, if all plants with
compound leaves were considered to be a family, this would give
us an artificial group and no generalization would be safe except
one regarding the leaves. Fortunately, in most of the sperma-
tophytes phylogeny and convenience can be fairly well combined.

Evolution as a Basis for Classification.—The relationships of
species or other groups are determined by the genetic lines run-
ning back from them to a common ancestor. Other things being
equal, the shorter the genetic lines (in time) and the nearer the
two species being considered are to the point where the two merge
into a common ancestral line, the closer the relationship. How-
ever, if the two species are much alike, indicating that the two
genetic lines have run nearly parallel, we call this condition
parallel development, or paraliel evolution, and these species are
commonly thought of as being more closely related than others
that show greater differences and consequent divergence of
phylogenetic lines that may have been much shorter.

In considering evolution as a basis for classification, a student
in any branch of biology has to make a decision among threc
alternatives: (1) to reject the hypothesis of evolution and with it
the idea of true natural relationships, (2) to accept this hypothesis
blindly on faith in the judgment of his instructor, or (3) to look
into the evidence bearing on the subject. The last named is the
scientific method.

EVIDENCES OF EVOLUTION

At the outset the meaning of organic evolution should be made
clear. Evolution is believed to have produced all existing forms
of plant and animal life from more ancient forms that were fewer
in number and simpler in structure than those of the present day.
It is not held that one group as it exists today came from another
group as it exists today, but that similar groups had a common
ancestor more or less like both.

A great deal has been written in recent years on the evidences
of evolution and also on the methods of its operation, concerning
which some half-dozen plausible theories have been proposed.
Space limits us here, however, to a brief outline of the best
accepted evidence on which the belief in evolution is based.
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Geological Evidence.—It is well known that the surface of the
earth is not smooth and unchanging. In the past slow but pro-
found changes have taken place. Land has been lifted out of the
sea, and mountains have been lowered by erosion—the materials
thus removed being finally deposited in the ocean as layers.
These layers have later been lifted to form new mountains, and
the process has been and is being repeated again and again.
Some of the strata of earth and rock that have thus been formed
contain many fossils, the remains or prints of prehistoric plants
and animals. The forms of life represented by these fossils give
an important historical record of the kinds of living things that
have existed on the carth during the past ages. If all kinds of
plants and animals, higher and lower, had been created and estab-
lished at the same time and place, we should expect the fossil-
bearing layers, both older and newer, to contain representatives of
all of these, but such is not the case. The older strata, those
formed before the Cambrian era (see frontispiece and table on
pages 12-13), contain limestone, graphite, and fossils of primitive
forms of life only, especially marine algae and invertekrate
animals. Strata not quite so old, those of the Palcozoic era, bear
fossils of complex invertebrates, lower vertebrates, seaweeds,
pteridophytes, and gymnosperms. Not before the Mesozoic era
were fossils of mammals and angiosperms produced, while the apes
and man left no fossils below the younger layers of the Cenozoic
era.

It is generally accepted as a fact that the time from the
Archeozoic era to the Cenozoic era covered hundreds of millions
of years and that new species of plant and animal life kept appear-
ing on the earth throughout that extensive span. This leaves us
with two alternatives: (1) that direct creation was repeated many
times throughout all that vast period of time, up to the present,
thus producing the hundreds of thousands of species now in exist-
ence and others that have become extinct, or (2) that the species
that first came into existence were relatively few and simple and
that they gave rise to newer and more complex ones by evolution-
ary processes. The latter seems the more plausible and is widely
accepted.

Morphological and Anatomical Evidence.—The members of
different groups of animals and plants show striking similarities
in fundamental structure but vary in lesser details. The spinal
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column in all vertebrates and the same number of limbs in
mammals, birds, and reptiles suggest relationship through a com-
mon ancestor. In all the vertebrates, except the most primitive,
there are four limbs, sometimes in a rudimentary, sometimes in a
highly specialized, condition, and the skeleton of the arm and
forefoot, for example, compares almost bone for bone with that in
such superficially different structures as the walking organs of the
bear, the swimming flippers of the whale, the wings of the bat, and
the grasping organs of man.

In the spermatophytes every part of the sporophyte is some
form of root, stem, or leaf; and every plant has all three of these
structures, though they may differ greatly in form and function.
The chromosome number in these parts is always diploid. Given
the general characteristics of the fibrovascular system, one can
infer correctly in almost every case the number of cotyledons and
the venation of the leaves. The tissues of normal leaves show a
general similarity of plan with palisade cells above, in which
respect they differ from cladophylls, which are leaf-like stems.
The position of buds in the axils of leaves at nodes is likewise
uniform.

This similarity of ground plan points to a development from
ancestral forms by a process of evolution, which would be likely to
modify existing structures rather than to create new ones.

Embryological Evidence.—A special kind of anatomical evi-
dence is found