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PREFACE

THE study of human phenomena must be carried on
largely through the psychological and social sciences.
Much of the writing in these sciences still consists of vague
generalizations which have not been subjected to the test
of being applied to a large number of data. What is
needed above all is to carry much further the painstaking
labor of accumulating a large mass of facts from which
generalizations can be safely deduced. In other words,
these sciences must get down to concrete realities more
than they have in the past if they are to develop on a
stable basis.

It is the function of every science, on the one hand, to
reduce as far as possible the phenomena with which it
deals to the terms of the science upon which it is based,
and, on the other hand, to describe the peculiar character-
istics of these phenomena which distinguish them from the
Jphenomena out of which they have evolved and which
make them a fit subject for treatment by a distinct science.
Thus psychical and social phenomena should be reduced
as far as possible to biological terms, just as vital
phenomena should be reduced as far as possible to
chemical and physical terms. On the other hand, the
peculiar characteristics of psychical and social phenomena
should be described, justas the peculiar characteristics of
vital phenomena should be described. Thus, on the one

hand, the continuity of the evolutionary series would be
vii
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shown, while, on the other hand, would be illustrated the
creative nature of the evolutionary process which is ever
bringing into being new combinations of matter and
energy or whatever the ultimate elements of the universe
may be.

If then the psychologists and social scientists place
their work more than ever on a biological basis they will
make it more definite and concrete and will get much nearer
to the real nature of the phenomena with which they
deal. In this book I have brought together the results
of recent work in biology in general and in zoblogy and
neurology in particular, in genetic and comparative psy-
chology, and in anthropology, and have tried to show the
significance of this work for the analysis of human be-
havior. The book contains certain contributions which
will, I hope, be of interest to psychologists, anthropolo-
gists, and social scientists. But I hope it will be of value
also to many general readers who will be glad to have in
convenient form the results of this work which is of so much
significance for the study of human behavior and human
nature. It should be useful to those engaged in educa-
tional work and may also prove to have utility as a college
and university textbook in certain courses in psychology
and sociology, as, for example, courses in comparative psy-
chology and in biological and psychological sociology.

While a single theme runs through this book, namely,
the evolution of behavior, yet the book naturally falls into
several parts, each of which may be read with some profit
apart from the rest. Chapters II to IV summarize most
of the fundamental facts and principles of modern biology:
Chapters V to VII describe briefly the behavior of the lower
animals. Chapters VIII to X give some of the most im-
portant facts and principles of neurology. Chapters XI
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to XVI cover the whole field of psychology in a concise
fashion and, in fact, form in themselves a small treatise on
psychology. Chapters XVII to XX state the most im-
portant facts with regard to the beginnings of social evo-
lution and the fundamental forces in social evolution.

This book is the first of a serfes of works in which I
propose to deal with the evolution of human culture and
of human nature on the basis furnished by this book.

I wish to thank my colleagues in the University of
Missouri, Professors W. C. Curtis, D. H. Dolley, C. A.
Ellwood, J. W. Hudson, George Lefevre, and Max Meyer,
each of whom has read one or more of the chapters and
has offered comments and criticisms thereon.

I wish also to thank the following publishing firms,
P. Blakiston’s Son and Company, The Columbia Uni-
versity Press, Henry Holt and Company, and J. B. Lip-
pincott and Company, each of which has given me
permission to use illustrations which have appeared in
books published by it.

MAURICE PARMELEE.

December, 1912.
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THE SCIENCE OF HUMAN
BEHAVIOR

CHAPTER I

THE STUDY OF BEHAVIOR

Definition of behavior, 1. — The science of behavior in relation to
biology, psychology, and sociology, 2. — The genetic method of study,
3.— Plan of this book, 4.

THE word ‘“‘behavior” has a variety of meanings. Some-
times it is used in a very limited sense to refer to matters
of deportment and etiquette. Sometimes it is used in
a very broad sense to refer to the mode of acting of not
only living beings, but also inanimate things such as an
engine or a waterfall. Recently, however, there has been
growing up a so-called ‘“science of animal behavior” which
has given to the word a very definite meaning.

This science is being developed on the one hand by zo-
ologists and on the other hand by comparative psycholo-
gists. These scientists are studying those visible move-
ments of the animal organism which constitute the external
physiological processes. They are trying to explain these
movements on the basis of anatomical structure and
internal physiological processes stimulated by external
forces. In other words, they are searching for a mechanical
explanation of these movements. Their method of study

3 1



2 The Science of Human Behavior

is therefore thoroughly objective rather than subjective
in its character. This is very important in such a com-
parative study of different species. Otherwise there would
be great danger that the explanation of the movements
of animals other than man would be too anthropomorphic.
It is for this reason that the word “conduct” could not
very well be applied to these movements, because this
word has acquired an ethical connotation and is therefore
highly anthropomorphic in its significance. The word
“behavior” has no such connotation and is therefore the
best one to apply to these movements.

The science of behavior has already been claimed by
several psychologists as constituting a part or the whole
of psychology. But a little reflection will indicate that’
this cannot be so. The study of behavior must be to begin
with and fundamentally biological, for, as we have seen,
it involves the study of anatomical structure and physi-
ological processes. In the second place, it is psychological,
for mental forces are frequently involved in determining
behavior. In the third place, it is sociological, for much
behavior is influenced by the association of living beings.
So that the science of behavior can be claimed by no one
of these sciences to the exclusion of the others. It is a sort
of hybrid product of these three sciences, and as such
cannot be regarded as a primary science. But it is useful
to call it a science as being a systematic study of these
important phenomena. As a science it includes a small
part of biology, but most if not all of psychology and soci-
ology, for most if not all of mental and social phenomena
can be reduced to terms of behavior.

To begin the study of behavior from a biological point of
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view has, I believe, a very wholesome effect, for it necessi-
tates the use of more or less exact methods of observation
which are not always used in psychology and sociology.
The use of these methods results in the disappearance of
hazy and mystical explanations of human phenomena
frequently proposed by writers in these two sciences.
These explanations are replaced by more or less exact
mechanical explanations.

Furthermore, the genetic method of study involved is
valuable for several reasons. It emphasizes the fact of
evolution, which is as true of behavior as it is of all other
phenomena. It makes use of the comparative method,
by means of which much more can be learned about the
behavior of a certain kind of animal than if the behavior
of that species alone is studied. It resolves the complex
forms of behavior into their simpler elements, thus making
them much easier to understand. It thus makes many
experiments unnecessary and at the same time shows what
experiments should be made.

In this book I have tried to lay the foundations for the
study of human behavior. This has involved bringing
together, so far as possible within one book, the pertinent
data from the three sciences of biology, psychology, and
sociology. The book is, therefore, in a sense an introduc-
tion both to psychology and to sociology. It has been
written in the main from the objective point of view of
the students of animal behavior. At the same time I do
not think it possible to discuss human behavior and ignore
the subjective side entirely. Consequently, at certain
points, with the proper reserve and qualifications, I have
made use of the subjective point of view. I have done so,
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however, without discussing the fundamental philosophical
question as to the nature of knowledge. I am well aware
that in one sense it is true that all knowledge is subjective.
That is to say, all our knowledge comes to us through our
senses in the form of sensations, and we cannot be abso-
lutely certain that these sensations represent to us truly
the nature of the world which is exterior to us. For
scientific purposes, however, we need to practice what is
sometimes called ‘‘naive realism” and assume that things
in the exterior world are actually as our senses represent
them to be.

In order to indicate the scope of this book I will outline
its contents briefly. The next chapter discusses the com-
position of organic matter, showing how its mobile and
unstable nature makes possible the plasticity of living
organisms, thus furnishing a basis for the evolution of
behavior. The third and fourth chapters furnish a brief
survey of organic evolution, showing how the structural
forms and physiological processes which condition be-
havior have evolved and what forces are at work in the
animal world, such as heredity, variation, selection, etc.
The next two chapters deal with the behavior of animals
without a nervous system, the fifth chapter describing the
irritability of organic matter and the external forces which
act upon organisms, and the sixth chapter dealing with
tropisms or the direct reactions of these lower animals to
these external forces. The seventh chapter describes the
factors 4t work in the evolution of behavior, with illustra-
tions from the behavior of the lower animals.

The next three chapters deal with the nervous system,
describing briefly the evolution of the nervous system, the
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reflex action, which is the principal type of behavior deter-
mined by the nervous system, the functions of the nervous
system, and the localization of these functions. The fol-
lowing three chapters deal with instinct as one of the
principal types of behavior. In the eleventh chapter in-
stinct is described as an inherited combination of reflexes
integrated by the central nervous system. In this and the
next chapter are described the structural basis of instinct,
variations in instincts, and the different kinds of instincts.
The thirteenth chapter discusses the principal human in-
stincts and the general innate tendencies, such as imitation,
play, habit, etc.

The fourteenth chapter treats of intelligent behavior as
behavior varied in response to experience. This involves
a discussion of the different theories as to the nature of
intelligence and a review of the experiments which have
been made as to the range of intelligence in the animal
world. In the fifteenth chapter are discussed the theories
as to the nature of consciousness and sensations, feelings,
emotions, and ideas as contents of consciousness. In the
sixteenth chapter are discussed self-consciousness, the rela-
tion between intelligence and consciousness, and the nature
of mind. An attempt is made to show the inherent nature
of mental or psychic phenomena and to point out the sig-
nificance of these phenomena for behavior. Throughout
these three chapters on intelligent and conscious phenomena
the causes for the superior mental development of man are
pointed out whenever they can be discerned.

The next four chapters deal with social phenomena.
In the seventeenth chapter are discussed the nature of
association and the external and internal forces which
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caused the beginnings of social evolution. The eighteenth
chapter deals with insect societies and in particular the
ants, illustrating polymorphism or more particularly the
physiological division of labor which results from it as a
cause of association. The nineteenth chapter describes
the kinds of societies existing among the different classes
of the vertebrates with special reference to the mammalian
and primate societies to which human society is most
closely related. In the twentieth chapter are discussed
the environmental, instinctive, emotional, and intelligent
causes of association and the theories which have been
proposed as to the origin of society. The concluding chap-
ter summarizes very briefly the ground covered in this
book.

In these chapters, then, are described the different types
of behavior, and in all of them, and especially in those on
social behavior, the attempt is made to show how they are
combined in the complex behavior of the higher animals
and especially of man. But to analyze this combination
is a very difficult thing to do, and only the bare beginning
of such an analysis is made in this book. As the study of
behavior is continued, this analysis of the combination of
the different types of behavior can be carried further, but
it can probably never be carried to the same degree of
precision as the analysis of certain other kinds of natural
phenomena, such as physical and chemical phenomena.



CHAPTER 1I
THE PHYSICO-CHEMICAL BASIS OF BEHAVIOR

Physical and chemical characteristics of matter, 7. — Reasons for
the mobile and plastic character of organic matter, 12. — The origin
of the organism, 16. — The cell, 16. — The constituents of organic
matter, 17.

AiL forms of matter respond to external forces in the
sense that changes take place in them when these forces
act upon them. But this is peculiarly true of organic
matter in the sense that in response to external forces
living organisms will go through movements which are
sometimes very complex in their character. As we have
seen in the last chapter, these movements constitute be-
havior. In order to understand the mobile and plastic
character of organic matter, which makes behavior possible,
it is advisable to consider some of the characteristics of
matter in general.

CHARACTERISTICS OF MATTER

The two sciences that deal with matter in general are
physics and chemistry. Physics deals with matter in its
simplest form. According to the physical sciences the
fundamental entities to which all things can be reduced
are matter and energy. To these is sometimes added
ether, but of the existence of ether as a distinct and sepa-
rate entity we have as yet no proof, and it may be no more

7



8 The Science of Human Behavior

than a rarefied form of matter. Outside of these entities
all else is more complex in character and can be reduced
to these entities. As to whether these entities are irre-
ducible we do not yet know, but it is possible that mat-
ter can be reduced to energy. It is also possible that
energy can be reduced to something more simple, in
which case neither matter nor energy is a fundamental
entity.

Chemistry deals with matter in its complex forms.
Matter usually manifests itself to the senses in the form of
compounds, and chemistry is occupied with reducing these
compounds to their elementary parts. About eighty of
these elements have been distinguished, and so far as we
know every compound in the universe is made up of a
combination of some of these elements. The unit of each
of these elements is called its atom. The smallest amount
of an element or of a compound composed of two or
more elements which can exist in a free state is called a
molecule.

For a long time it was thought that the atom of each
element was irreducible and that these elementary atoms
were ultimate forms of matter. This belief was effectually
shaken by the discovery of the periodic law. This law
was discovered as a result of a comparison of the weights
of these elementary atoms. It was found that when these
atomic weights are arranged in tabular form, as, for ex-
ample, on the basis of hydrogen as one, or of oxygen as
sixteen, many of them are even numbers or almost even
numbers. The first hypothetical explanation of this was
that each of the atoms is made up of a combination of
atoms of hydrogen, which is the lightest element. Not all
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of the atomic weights, however, are even numbers when
the hydrogen atom is reckoned as one, so that hydrogen
could not be regarded as the ultimate form of matter.
But it was discovered that the elements when arranged
in the order of their atomic weights naturally fall into
groups of elements whose behavior is similar. These simi-
larities and relationships seem to indicate that these
elementary atoms could not be irreducible units, each
of them absolutely distinct from and unrelated to all
the others. On the contrary, it seemed very evident
that there must be a unit or units smaller than the
smallest of the elementary atoms out of which these
atoms are formed, and that the similarities of these atoms
must be explained by the similarity of their component
parts.

The fact of subatomicity or of the existence of particles
smaller than atoms was thus made highly probable. But'
these particles are of necessity so small that for some time
it was impossible to secure tangible evidence of their exist-
ence, even with the most delicate instruments. Such evi-
dence was finally secured through a study of the conduc-
tion of electricity by gases. It was found that electricity
is conducted through gases by means of very small particles.
These particles were named ions, those carrying negative
electricity being called corpuscles or electrons. Little is
known as yet with regard to the nature of positive electric-
ity, but it is believed that the ions carrying particles of
pasitive electricity are nearly as large as an atom. “The
positive ion consists of an atom of the electrolyte with one
of its corpuscles missing. In this way a unit of negative
electricity is removed from it, that is, it is left with a posi-
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tive charge.””! The negative ions or corpuscles or electrons
are of greater interest to us, for they represent the smallest
particles of matter of which we have tangible evidence.

But the discovery that electricity is carried by these
small particles of matter did not reveal the nature of elec-
tricity itself, unless electricity is nothing more than these
particles. That electricity is matter decomposed to an
elementary form seems to be indicated by the fact that it
possesses a fundamental property of matter, namely,
inertia. This is asserted by an English physicist in the
following words : “My first thesis is that an electric charge
possesses the most fundamental and characteristic property
of matter, viz., mass or inertia; so that if any one were
to speak of a milligramme or an ounce or a ton of elec-
tricity, though he would certainly be speaking incon-
veniently, he might not necessarily be speaking errone-
ously.” 2 This may be stated just as well conversely, by
saying that matter is electricity.

Along with the development of the electrical theory of
matter came the discovery of the new element radium.
This element was found to possess the characteristic of
radioactivity, or the power of emitting minute particles of
matter. It was found also that these radiations were
caused by a slow process of decomposition in the atom of
radium, in the course of which the radium was becoming
transformed into other elements. This discovery of the
possibility of transformation among the elements raised
the quéstion whether matter in general is not unstable and
in process of transformation. “Is matter in general under-

1'W. C. D. Whetham, The Recent Development of Physical Science, Philadelphia,
1904, P. 190. 1 Oliver Lodge, Modern Views on Matter, Oxford, 1903, p. 4.
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going transformation? The raising of such a question
would, until a few years ago, have been regarded as extraor-
dinary, since the elements were regarded as stable and
unchanging. In the light of the recent investigations with
the radioactive elements it is most pertinent. There is
some evidence, as we shall see, that all the elements are
radioactive to a very small extent. If this should be proved
to be due to the elements themselves, to be a property in-
herent in all matter, and not caused by the deposition of
some form of radioactive matter, then, from what has been
said above, we must regard matter in general as under-
going change. This change is slow, very slow, but is
progressing continuously; the more complex, unstable
forms breaking down into simpler aggregates of electrons.
If it should be shown that all matter is slightly radioactive,
as seems not improbable, then we should be forced to the
conclusion of the general instability of the chemical ele-
ments.” !

The belief that matter is radioactive is based upon the
electronic or corpuscular theory of matter, for transforma-
tions in the atoms of the chemical elements would not be
possible if the elements were simple and were not com-
posed of still smaller units. Furthermore, it is necessary
to assume that there is a definite arrangement of the
smaller units within each atom, and that when this arrange-
ment is disturbed the atom is destroyed and that the
atom of another element is formed. “The electronic
theory of matter supposes that an atom is composed of a
swarm of electrons in rapid movement held in equilibrium

1 Harry C. Jones, The Electrical Nature of Matter and Radioactivity, New York,
1906, p. 161.
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by the internal forces of the atom. In the case of heavy
atoms, like those of the radioelements, it is not necessary
to suppose that each of these electrons has complete free-
dom of movement. The character of the transformation
of the atom suggests that it is built up in part of a number
of secondary units, consisting of groups or aggregates of
electrons in equilibrium, which are in rapid independent
motion within the atom.”!

The corpuscular nature of the atom and the radio-
activity of matter indicate that the elements are not im-
mutable and that the atom is not the simplest form of
matter. In all probability we shall never know the ulti-
mate nature of matter, and this brief review of recent
work in physics and chemistry emphasizes the mutable
character of all the phenomena of which we can have any
knowledge. It is therefore of utility in preparing the way
for the study of that process of change in certain forms of
matter which we call organic evolution.

ORGANIC MATTER

Let us now turn to the branch of chemistry which is of
special significance for organic evolution, namely, organic
chemistry. This branch of chemistry was named organic
when it was believed that there is an absolute distinction
between organic and inorganic matter. ‘“The word
‘organic’ has now only a historic meaning, being derived
from a time — the beginning of the last century — when
it was thought that the substances which occur in organ-
ized nature, in the animal and vegetable kingdoms, could
only be formed under the influence of a special, obscure

1 E. Rutherford, Radioactive Transformations, New York, 1906, p. 269.
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force, called the wital force.”' This belief was destroyed
by the discovery of the possibility of forming organic com-
pounds from inorganic materials by synthetic methods.
This was first accomplished in 1828 when the organic com-
pound wurea was synthesized from inorganic sources by
Woehler. Since then many organic compounds have
been synthesized, and it is no longer believed that any
special vital force is necessary for the formation of organic
matter. Organic chemistry is now frequently called the
chemistry of carbon compounds, because all organic com-
pounds contain carbon.

But while there is no absolute distinction between in-
organic and organic matter, each has certain characteristics
which differentiate it from the other, and we must study
the peculiar characteristics of organic matter because it is
these peculiarities which have made biological, mental, and
social evolution possible. These characteristics arise pri-
marily out of certain peculiarities of the principal elements
in organic matter. The first of these is allotropism, or the
capability of assuming different forms. For example, car-
bon presents itself as diamond, graphite, and amorphous
carbon, while oxygen appears under certain conditions as
ozone. These allotropic forms of an element are appar-
ently the result of different arrangements of the atoms
within the molecules of the element. Analogous to allot-
ropism in these elements is iZsomerism in many organic
compounds. The isomeric compounds assume different
forms, apparently as the result of different arrangements of
the molecules of the elements within the molecules of the

1A. F. Holleman, A Textbook of Organic Chemisiry, translated from the second
Dutch edition by A. J. Walker, New York, 1903, p. 1.
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compound. These two peculiarities tend to make organic
matter less stable and more subject to change than inor-
ganic matter. Furthermore, they tend to make organic
matter mobile.

But there are other properties and forces which promote
the instability and mobility of organic matter. ‘“Of the
four chief elements which, in various combinations, make
up living bodies, three are gaseous under all ordinary con-
ditions and the fourth is a solid. Oxygen, hydrogen, and
nitrogen are gases which for many years defied all attempts
to liquefy them, and carbon is a solid except perhaps at
the extremely high temperature of the electric arc. Only
by intense pressure joined with extreme refrigerations have
the three gases been reduced to the liquid form.”! That
three of the four principal organic elements are gaseous is
of great significance with respect to the mobility of organic
matter, for the mobility of the molecules of these elements
promotes the mobility of organic matter. The dissimi-
larities of the organic elements are also of significance in
this connection. “These four elements of which organ-
isms are almost wholly composed, exhibit certain extreme
unlikenesses. While between two of them we have an
unsurpassed contrast in chemical activity; between one
of them and the other three, we have an unsurpassed con-
trast in molecular mobility. While carbon, until lately
supposed to be infusible and now volatilized only in the
electric arc, shows us a degree of atomic cohesion greater
than that of any other known element, hydrogen, oxygen,
and nitrogen show the least atomic cohesion of all elements.
And while oxygen displays, alike in the range and intensi-

1 Herbert Spencer, The Principles of Biology, New York, 1900, Vol. I, p. 3.
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ties of its affinities, a chemical energy exceeding that of any
other substance (unless fluorine be considered an exception),
nitrogen displays the greatest chemical inactivity.”! As
organic matter is made up of unlike elements, it is unstable,
because these elements are easily separable by external
forces. This instability causes mobility and the capacity
to differentiate and integrate which make adaptation and
biological evolution possible.

On the other hand, the more complex forms of organic
matter must have a certain amount of stability in order
to make possible the growth of structures more or less
permanent and rigid in character. “We may clearly see
the necessity for that peculiar composition which we find

-in organic matter. On the one hand, were it not for the

extreme molecular mobility possessed by three out of the
four of its chief elements; and were it not for the conse-
quently high molecular mobility of their simpler com-
pounds; there could not be this quick escape of the waste
products of organic action; and there could not be that
continuously active change of matter which vitality im-
plies. On the other hand, were it not for the union of
these extremely mobile elements into immensely complex
compounds, having relatively vast molecules which are
made comparatively immobile by their inertia, there could
not result that mechanical fixity which prevents the com-
ponents of living tissue from diffusing away along with
the effete matter produced by decomposition.” ?

We have been discussing the chemical properties of
the organic elements which cause the instability and mo-
bility of organic matter. The question may naturally be

1 H. Spencer, 0#. ¢, Vol. I, p. s. tIbid., Vol. I, p. 22.
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raised whether the recent discoveries in physics are not of
significance in this connection. The discovery of radio-
activity and of the electrical nature of matter revealing
the fact of subatomicity has shown us that the chemical
elements are much more complex than was formerly sup-
posed. Whether, however, this is of peculiar significance
for the organic elements, we cannot yet know. If it should
be found that the subatomic arrangement of the organic
elements is more complex than that of the inorganic ele-
ments, we might have a further explanation for the unstable
and mobile character of organic matter.

ORIGIN OF THE ORGANISM AND THE CELL

Let us now consider the origin of the organism. The
formation of the simplest organisms is probably comparable
to the formation of crystals. In crystallization certain
molecules which have been brought in close proximity
with each other are drawn together by attractive forces
which are inherent in them, thus forming crystals which
are usually more or less symmetrical in shape. In similar
fashion probably originated the primordial protoplasm out
of which have evolved all organic forms. But the ele-
ments which constitute organic matter possess chemical
properties which make it more complex, more mobile, and
more responsive and adaptive to its environment than
most inorganic compounds, thus differentiating it from the
ordinary crystal.

The protoplasmic unit is the cell. The lowest organisms
are unicellular, while the higher organisms are multicellular
or made up of compounds of the unitary cell. The cell
must have originated in the sea, for nowhere else could
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the lowest forms of life have secured nutrition.! On land
an organism is not likely to come into direct contact with
its food, and therefore needs sense organs to locate its food
and means of locomotion to bring itself into contact with
it. But in the sea the organism is constantly drifting into
contact with food ingredients which are either dissolved
in the water or in the form of solids. Then takes place the
process of assimilation, metabolism, or nutrition, as it is
variously called, when the food is absorbed into the organ-
ism. Mewabolism is primarily a phenomenon of chemical
affinity. The chemical constituents of the organism have
an affinity for the chemical constituents of the food, and
therefore the organism absorbs the food. As the organism
becomes more complex, metabolism becomes something
more than a phenomenon of chemical affinity, because spe-
cial organs within the organism are devoted to the assimi-
lative process.

That life originated in the sea is indicated by the fact
that the constituent elements of sea water and air are
approximately the same as the constituents of living matter.
Sea water contains usually oxygen, nitrogen, carbon, hydro-
gen, sodium, magnesium, potassium, calcium, chlorine,
sulphur, and bromine. Air contains nitrogen, oxygen, and
carbonic acid. The necessary constituents of living matter
which occur in every cell are oxygen, nitrogen, carbon,
hydrogen, sodium, potassium, phosphorus, sulphur, cal-
cium, magnesium, iron, and chlorine? In addition to

1Cf. Carl Snyder, The Physical Conditions at the Beginning of Life, in Science
Progress, 111, 12 (April, 1909), pp. 570-596. Snyder thinks that life did not originate
in the sea, but that most of organic evolution has taken place in the sea. He does
not state where else than in the sca life could have originated.

2 Max Verworn, Gemeral Physiology, London, 1899, pp. po-102.

(]
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these there occur in some cells silicon, fluorine, bromine,
iodine, aluminum, and manganese, while sometimes there
occur slight traces of certain metals such as copper. It
will be noted that all of these necessary elements except
iron and phosphorus are to be found usually in sea water
and air, while a certain amount of iron and phosphorus
must be dissolved in the water at the time living matter
is generated. From the air, which is always in contact
with the water and sometimes mingled with it, are derived
some of the constituents of living matter. Organic evolu-
tion must have begun when under favorable conditions !
there was formed in the sea for the first time the primor-
dial protoplasm out of which all organic forms have
evolved. At first this protoplasm was, in all probability,
a formless, jellylike mass. Then out of it there evolved
the organic cell, which is colloidal rather than crystalline in
its character.

We cannot trace this evolution fully, though a little of
it is indicated to us by the cells in a plasmoidal state in
which rigid cell walls have not as yet evolved. Whether
protoplasm is still being generated in the sea or not, we can-
not tell. If not, then all new living matter is reproduced
from the old, but there is no reason to believe that spon-
taneous generation does not still continue. Experimenta-
tion with protoplasm has always been very difficult because
of its extremely unstable character. A slight injury to the
cell is almost certain to destroy its life so that extended

1Cf. S;\yder, op. cit.; A. C. Lane, The Early Surroundings of Life, in Sciénce,
Vol. XXVI, No. 657 (Aug. 2, 1907), pp. 129-143; Joseph McCabe, Evolution,
New York, pp. s0-51. Snyder thinks these conditions were much the same as

now. McCabe thinks they were very different, being much hotter and with a much
heavier atmosphere.
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experiments with it are almost impossible. But biologists
may yet succeed in generating life by artificial means, and
thus trace fully the course of organic evolution.

This chapter has indicated briefly the characteristics of
organic matter which furnish the physico-chemical basis
for behavior.
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WE must now study the anatomical and physiological
characteristics of the organism in order to understand the
structural forms and physiological processes which condi-
tion behavior. This can best be done by means of a brief
survey of organic evolution showing how these forms and
processes have evolved and what forces have been and are
at work in the animal world.

PHYSIOLOGICAL PROCESSES

Metabolism is the fundamental process which goes on in
living matter. There are certain other processes which
characterize all living matter. Respiration is the process
by which all effete matter and other matter not needed
by the organism is oxidized and prepared for excretion.
Circulation is the process by which water flows into the
organism, carrying with it nutritive ingredients, and flows
out of the organism, carrying with it the matter to be ex-

20
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creted. All living matter is characterized by sensitiveness
or irritability, which makes it responsive to external in-
fluences. I shall discuss this characteristic of living matter
later in this book when dealing with the simplest reactions
of organisms. As the organism evolves, it acquires a more
and more definite form, and then a skeleton which fixes
the character of the species and makes it more or less
permanent.

The assimilative capacity of the cell is limited. That
is to say, when the cell attains a certain size its surface
cannot adequately supply it with food because its bulk
increases more rapidly than its surface. Furthermore, it
becomes too bulky for the strength of the cell walls and
breaks into two parts. This phenomenon marks the begin-
ning of reproduction, for these two parts grow and become
full-grown cells. I shall now discuss reproduction briefly
from two points of view: on the one hand, as to the extent
to which traits persist in reproduction; on the other hand,
as to the extent to which variation takes place in reproduc-
tion. Both of these factors are of great importance in the
determination of behavior.

REeprODUCTION

The lowest type of reproduction has been mentioned
above. When a unicellular organism becomes too bulky
for the strength of its cell walls, and its volume is too great
to be adequately supplied with food by its surface, so that
its limit of growth has been attained, it separates into two
parts, each of which becomes an organism. This is called
reproduction by fission, and the division of the cell into
two parts, which is characteristic of all cells, is called mitosis.
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The two new cells become more or less exact copies of the
parent cell. Two other forms of reproduction which char-
acterize certain unicellular and some of the lower multi-
cellular species are reproduction by budding and sporula-
tion. Both of these modes of reproduction are rare. In
reproduction by budding, new cells grow out of the parent
cell, thus forming a multicellular organism. Later the cells
break off to become independent organisms, so that in re-
production by budding we have a modified form of the
division which takes place in reproduction by fission. In
sporulation the parent cell breaks up into several parts,
each of which becomes a new cell.

In all forms of reproduction the reproductive power
always resides apparently in the nucleus of the parent cell,
a part of which goes into the formation of new cells. The
characteristics of the parent are transmitted by means of
the nucleus to its offspring. However, the cytoplasm of
the cell which surrounds the nucleus probably has some
influence upon inheritance, though how much is not yet
known. Thus the nuclein or chemical compound called
chromatin, out of which the nucleus is formed, seems to
have the power of forcing the characteristics of the parent
upon the offspring.!

So far I have been speaking of reproduction in species
where the cells are all of the same kind. But this is true
only of the lowest species. As we go up in the organic
scale we find a specialization among the cells taking place.
Certain cells called the germ cells become specialized for

reproductive purposes alone, while the other cells or somatic
f
1 Cf. Jacques Loeb, in his essay Experimental Study of the Influence ox Environment

on Animals, in Darwin and Modern Science, edited by A. C. Seward, Cambridge, 1909,
P- 247.
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cells no longer have any reproductive function, but per-
form other functions in the individual organism. Further-
more, there took place later on in organic evolution a special-
ization among the germ cells themselves into ova or egg
cells, and spermatozoa, or sperm cells. Inall of the species
in which the distinction of sex has appeared, reproduction
cannot as a rule take place from a single germ cell as in
the asexual species, but the ovum, or egg cell, has to be im-
pregnated or fertilized by the spermatozoon, or sperm cell,
before reproduction can take place. Furthermore, there
appears among the individual members of these species
the distinction of sex. The species is divided into females,
who bear the egg cells, and males, who bear sperm cells,
while in many other respects as well the two sexes differ
greatly from each other.

ORIGIN OF SPECIES

I have now reviewed briefly the origin and nature of
life in general and also in individual organisms. The second
great biological problem is that of the origin of species.
This problem also is of great importance for the study of
behavior, for each species is characterized by specific struc-
tural forms and physiological processes which determine
specific forms of behavior. It is hardly necessary to offer
any proof as to the great diversity of species, since every
individual has a personal knowledge of a large number of
them. The first great division among organic species is
that between animals and plants, while each of these
classes may be divided into unicellular and multicellular
groups. Animals and plants are therefore classified as pro-
tozoa and protophyta, or unicellular animals and plants, and
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metazoa and metaphyla, or multicellular animals and plants.
Among these species there is the greatest diversity of form,
as indicated among animals by the differences between the
minute insects and the huge mammalian forms, such as the
elephant, and among the plants by the differences between
the alge and the huge trees. The question as to how this
great diversity of organic forms came into existence has
always aroused a great deal of interest, and many theories
have been propounded to explain it. It was at one time
the popular belief that each species is a special creation of
divine power, but more recently the attempt has been made
to solve the problem of the origin of species in a scientific
fashion on the basis of natural forces. I shall discuss these
scientific theories under the following classification which,
I believe, reveals best the peculiar characteristic of each
group of theories. The first class explains the origin of
species through orthogenesis; the second class explains it in
the main by the action of external forces upon the individual
organism; the third class explains it by heterogenesis.

ORTHOGENESIS

By orthogenesis it is meant that the organism has within
it forces which carry it along a certain line of evolution
independent of the external forces which play upon it.
These internal forces arise in the first place out of the
physical and chemical properties of the elements of which
the organism is composed. It goes without saying that
the first forces in organic evolution are the purely physical
and chemical forces inherent in the elements which com-
pose organic matter joined with the external molar forces
which bring these elements together. Certainly no scien-



The Anatomical and Physiological Basis 25

tist to-day ought to believe in a supernatural vitalistic
force as originating organic evolution. As has already
been indicated, the forces which bring into being the
organic cell may be similar to those which cause crystalli-
zation in inorganic matter. The cell is similar to the
crystal in its symmetry and definiteness of form, but is
somewhat more complex. The forces which cause the
crystal and the cell may in the main be called orthogenetic
in the sense that they arise principally out of the inherent
characteristics of the component parts of these organic
forms. In the second place, as the organism grows more
complex it develops forces peculiar to itself which force it
along a more or less definite line of evolution. Thus ortho-
genetic changes may take place in the cell as a result of the
interaction of the parts of the cell, so that an evolution of
the organism takes place independent of external forces.
All orthogenetic theories attempt to explain organic evolu-
tion and the origin of the different species by the workings
of these internal forces. It goes without saying, however,
that the orthogenetic theories postulate no supernatural or
vitalistic force to account for organic evolution, but utilize
only purely natural mechanical forces.

Perhaps the most extreme example of an orthogenetic
theory is that of Négeli. He accounted for the earliest
formations of organic matter by the purely physical and
chemical laws which govern molecular matter, the process
being similar to that of crystallization. Then as the or-
ganism developed he believed that its evolution was di-
rected in a definite course by what he unfortunately called
a completing or perfecting principle (“ Vervollkommungs-
princip”’). Some have thought that he meant by this a
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mystical vitalistic force, but the title of his principal work !
indicates that he regarded it as a purely mechanical
force. He believed that the existing species have evolved
as a result of a phyletic force independent of any external
forces, so that the existing species would have been the same
had there been no selective forces, and all that selection has
done has been to suppress certain species. There is, how-
ever, no evidence of any such phyletic force independent
of the forces inherent in the individual organism. As we
shall see, the continuity of the germ cells is the only thing
which is at all similar to a phyletic force. But this also is
very different, because the evolution of the germ cells is
not directed definitely towards the formation of a distinct
species.

Nigeli was forced to take note of the adaptations which
characterize all organic forms. He was, however, unwilling
to admit that these adaptations were permanent characters
of a species. Adaptations might arise as a result of changes
in environment and be transmitted by inheritance. But he
contended that when the organism returned to its original
environment it would soon lose its adaptive characters and
would return to its original form which had been given to
it by the phyletic force. This he illustrated in the case of
certain plants which had originated at a low altitude and
had then been transplanted to a high altitude. In the new
environment in the course of several generations they ac-
quired some new characters. But after being taken back
to their original environment they lost their acquired char-

1 Carl von N#geli, Mechanisch-Physiologische Theorie der Abstammungsiehre,
Munich and Leipsic, 1884; 4 Mechanico-Physiological Theory of Organic Evolution,
Chicago, 1898,
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acters and returned to their original form. It is evident
that in this case Nigeli is recognizing the influence of
external forces and, furthermore, believed in the transmis-
sion of acquired characters which, as we shall see, is very
doubtful.

This, however, shows that no theory of organic evolution
can be purely orthogenetic, for however much the author
of it may strive to account for organic evolution by a purely
internal phyletic force, he is forced at some point to recog-
nize the influence of external forces.

This is especially true in the case of Eimer,! who formu-
lated an orthogenetic theory which is, next to that of Nigeli,
the best known. Eimer made extensive studies of the
coloring of butterflies, and believed that he found in the
progressive development of symmetrical color markings
evidence of determinate evolution along orthogenetic
lines. He thought he distinguished three main forces in
organic evolution. The first he called genepistasis, or cessa-
tion of development. He believed that certain individuals
in a species cease to develop at a certain point in their life
history, while other individuals develop further. Thus
arise individual differences which in course of time mark
the distinction between two species. A different form of
cessation of development he called heterepistasis. In this
case certain individuals cease to develop in certain parts
sooner than the rest of the species, and this gives rise to a
new species. The second great force he called halmato-
genesis, or saltatory variation. These sudden changes are,

1 Th. Eimer, Die Entstechung der Arten auf Grund von Vererbung erworbener
Eigenschaften nach den Geseltzen organischen Wachsens, Jena, 1888; On Orthogenesss
and the Impotence of Naturab Selection in Species-Formation, Chicago, 1898.
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as he described them, similar to the mutations of De Vries
which will be discussed later. The third great force was
kyesamechania, or hindrance to fertilization. Such hin-
drance might arise in several ways according to the nature
of the species. If in a species fertilization comes about
through direct contact of the external sexual organs, fer-
tilization might be prevented by a disproportion in the size
of these organs. In other cases fertilization might be pre-
vented by the inability of the sperm to penetrate the ovum
either because the outer membrane of the ovum is too thick,
or the sperm is too small and too weak to effect penetration.
In still other cases the sperm might succeed in penetrating
the ovum, but fertilization would not take place because of
physico-chemical changes which had arisen either in the
sperm or in the ovum which would cause sterility between
the two. We shall see that Eimer’s kyesamechania, or
hindrance to fertilization, as a force in organic evolution
was recognized by Romanes under the name of physio-
logical selection.

While these forces in organic evolution described by
Eimer are in appearance internal, yet in trying to account
for their origin Eimer gave great weight to external influ-
ences. He discussed at great length the influence of tem-
perature, nutrition, etc., in causing cessation of develop-
ment, saltatory changes, and hindrance to fertilization.
He has indeed been called a Neo-Lamarckian and illustrates
very well how impossible it is for an orthogenesist to ignore
external influences in organic evolution. His theory is
orthogenetic mainly in the sense that he denied any in-
fluence in evolution to indeterminate fluctuating variations
and insisted that evolution is determinate.
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In every orthogenetic theory variations which have
evolutionary value are called determinate in the sense that
these variations are directed along one line towards the
development of a distinct species form. In this respect
orthogenetic theories vary, for example, from theories based
upon selective forces at work upon variations fluctuating
in all directions, as, for example, the Darwinian theory.
It is, however, unfortunate that these variations are called
determinate, for this word suggests a conscious directing
power back of organic evolution, and, as has already been
noted, none of the modern scientific orthogenesists postulate
the existence of any such power. It would be well if the
words “determinate’” and ‘““indeterminate” used in charac-
terizing variation and evolution could be abolished from bio-
logical literature, carrying with them the last vestige of a
suggestion of a teleological force in organic evolution.

All orthogenetic theories contain a measure of truth. As
we have already seen, the generating of the primordial
protoplasm, similar to crystallization, takes place in large
part as a result of the molecular forces inherent in the ele-
ments which constitute organic matter. The living cell,
however, has much greater power than the crystal, for its
nuclein acts as a ferment or enzyme for its own synthesis
and synthesizes other nuclein of its own kind for new cells,
thus determining the continuity of the species. As a rigid
anatomical structure develops, the line of evolution be-
comes more or less narrowly limited and the organism is less
amenable to external influences. Furthermore, symmetry
and the correlation of parts have much to do with deter-
mining the evolution of a species, as we shall see later on.
But while organic evolution may be orthogenetic in all
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these respects, it would be a denial of the fundamental law
of the conservation of energy to contend that external
influences have nothing to do with organic evolution. Fur-
thermore, the effect of external forces is to be seen in the
extent to which all organic forms are adapted to their en-
vironment, and orthogenesis can never explain these adap-
tations, for it is inconceivable that all of them could be
purely accidental and that there is no causal relation be-
tween the environment and these adaptations. We shall
therefore now turn to the theories which try to explain the
origin of adaptations by giving great weight to external
influences in organic evolution.

LAMARCK

The first complete theory of organic evolution was that
of the great French zodlogist Lamarck.! Lamarck was
much impressed by the extent to which organic forms are
adapted to their environment. He noted that adaptations
acquired during the life of the individual usually result
from use. For example, a muscle increases in size and in
strength as the result of use. A portion of the skin which
is frequently used in contact thickens. It occurred to him
that the adaptations born in the individual result from the
inheritance of characters acquired by his ancestors through
use. Thus he explained the long neck of the giraffe by
the habit of its short-necked ancestor of stretching its neck
in order to eat the foliage on trees. He thought that the
slight increase in the length of the neck resulting from this
habit was transmitted, and the cumulative result of many
such transmissions is the present long neck of the giraffe,

1J. B. Lamarck, Philosophie soologique, Paris, 1809,
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According to the same principle, the duck and goose have
acquired their web feet as a result of the habit of their an-
cestors of stretching the skin between the toes when strik-
ing the surface of the water and birds have acquired their
long toes as a result of the habit of grasping the limbs of
trees.

In similar fashion Lamarck explained the degeneration
and disappearance of characters by disuse. He contended
that if characters are acquired as the result of use, it is
logical to assume that they will degenerate and disappear
when they fall into disuse. Thus fish living in dark caves
become blind because they no longer have any use for their
eyes.

Lamarck’s explanation of the adaptation of a species to
its environment through the transmission of characters
acquired through use and of the degeneration and disap-
pearance of these characters through disuse is a very plau-
sible one and has therefore had a very wide currency. But
Lamarck never offered a satisfactory explanation of how this
transmission of acquired characters actually takes place.
In order to furnish scientific proof of this theory, it would
be necessary to describe the mechanism by which the
characters acquired by the parent are transmitted to the
offspring. Since no such mechanism was described by La-
marck, and since no well-authenticated case of the transmis-
sion of an acquired character has been observed, the La-
marckian theory of organic evolution is now almost entirely
discredited by scientists. As we shall see, the mechanism
by which an organism inherits its traits is of such a nature
that the traits acquired by its parents could hardly have
any direct effect upon its inheritance. It is evident that
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theories of the origin of species through external forces must
after all give great weight to internal forces, for the organ-
ism must respond to these external forces and they have
their effect upon the organism through the internal organic
mechanism. But, on the other hand, we shall see that the
characters acquired by individuals may indirectly have a
great influence upon the evolution of the species.

DArRWIN

The next great theory of organic evolution based in the
main upon the influence of external forces upon the or-
ganism is that of Darwin. This theory coming as it did
at an opportune moment has been the most famous of all
theories of organic evolution. Darwin, like Lamarck, was
much impressed with the extent to which organic forms are
adapted to their environment. It was customary at that
time to explain such adaptations teleologically as being the
purposive acts of a divine power. For example, Paley in
his famous treatise had likened the universe to a watch in
which is revealed the design of its maker. But Darwin
repudiated all such teleological explanations of adaptation
and attempted to explain them on purely natural grounds.
He had noted on the one hand that it is the tendency of
every species to increase in numbers beyond the means of
subsistence. The question therefore arose in his mind as
to what determined which individuals were to survive and
which were to perish. He had noted, on the other hand,
that there are a great many congenital variations among the
members of a species, which variations fluctuate around a
central point. These variations are governed, as Quetelet
later showed, by the law of probability, and the variations
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are usually no greater than to be included within a normal
curve of frequency.

It occurred to Darwin that the individuals who survive
in the struggle for existence might be those characterized
by variations which would be advantageous to them in
this struggle for existence. If, therefore, the individuals
with advantageous variations are constantly being selected
for survival while the other individuals are perishing, and
these variations are being transmitted, a species would
gradually be characterized by the variations which have
proved to be useful in its struggle for existence. The central
thought, then, in the Darwinian theory, as indicated in the
title of his great work,! is that of selection which is con-
stantly at work among fluctuating individual variations,
preserving those which are advantageous and resulting in
their transmission. Darwin and his followers have studied
in great detail this force of selection and have distinguished
many kinds of selcction.

SELECTION

For example, Darwin believed that the so-called second-
ary sexual characters, these being the characters which
distinguish the sexes from each other, apart from the sexual
organs which are the primary sexual characters, are the
result of sexual selection. That is to say, the sexes in a
species have been governed in their choice of mates by these
characters. When a variation has appeared which has
proved to be attractive to the opposite sex, it has been
selected for survival by the advantage which that individual

1 Charles Darwin, The Origin of Species by Means of Natural Selection or the Pres-
ervation of Favoured Races in the Struggle for Life, London, 1859.
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had in mating. Darwin’s critics, however, have contended
that sexual selection cannot explain most of these secondary
sexual characters, because it assumes asthetic faculties much
more highly developed than are to be found in most species.

Romanes suggested what he called physiological selection !
or hindrance to fertilization, which, as we have seen, had
already been described by Eimer under the name of kyesa-
mechania. As a result of such restrictions upon the possi-
bility of fertilization between certain individuals, certain
types would be extinguished while others would survive,
or two or more distinct types would survive which might
in course of time become distinct species.

Geographical selection or isolation as a force in organic evo-
lution and in the formation of species has been discussed by
Wagner, Romanes, Gulick, and others. If a portion of a spe-
cies becomes isolated from the rest of the species by geograph-
ical barriers or by any other means, a new species is likely
to result from such isolation. If intercrossing is rendered
entirely impossible between the two isolated groups, each
group will tend to vary along its own lines, and in course
of time there may be two species where formerly there was
but one. Thomson has described this form of selection
in the following words: “This term is used to include
all the means which restrict the range of intercrossing within
a species: geographical barriers, such as arise when a pen-
insula becomes an island; femporal barriers, such as arise
when the members of a species reach sexual maturity at
different times of year; kabitudinal barriers, when a species
splits into two or more castes with different habits of life;
physiological barriers, such as arise by some variation in

1G. J. Romanes, Journal of the Linnean Society, Vol. XIX, pp. 337-441.
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the reproductive organs; and psychological barriers, which
rest on profound antipathies.” !

Reproductive or genetic selection is a form of selection
suggested by Karl Pearson. If the highest fertility in a
species becomes correlated with certain characters, varia-
tions in those characters will have the advantage, because
they will be reproduced most frequently. Thus those
variations are most likely to persist and become charac-
teristic of the species.

It is impossible in this brief review to discuss at greater
length the subject of selection, to which a great deal of
study has been given. I shall now take up the principal
criticisms of the Darwinian theory, which are of great im-
portance because they have stimulated much of the recent
work in biology.

CRITICISMS OF DARWINISM

The first main criticism of Darwinism as a synthetic
theory of organic evolution is that it gives no adequate
explanation of the origin of individual variations. It is
true that Darwin offered his theory of pangenesis? as a
tentative explanation of the origin of variations. But
Darwin himself was very uncertain as to the soundness of
this theory, and since his time no evidence has been found
in support of it. According to this theory the germ cells are
formed by small particles, which Darwin called gemmules,
which are thrown off by the somatic cells in all parts of
the organism. Now if any new characters have been ac-
quired by the somatic cells, they will be reflected in changes

1J. A. Thomson, Darwinism and Human Life, New York, 1909, pp. 210-11.
2 Darwin, The Variation of Animals and Plants under Domestication, London, 1868,
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in these gemmules which compose the germ cells. Thus
acquired characters will cause changes in the germ cells and
variations in the offspring. So that Darwin’s pangenetic
theory is Lamarckian in that it recognizes the influence of
acquired characters in heredity. He went further than
Lamarck, however, in suggesting definitely by what mech-
anism this transmission of acquired characters takes place.
It is curious that Darwin, who had repudiated Lamarckism
elsewhere, should have recognized it in his theory of pan-
genesis. Beyond presenting this theory, Darwin had no
explanation to offer as to the origin of variations.

The next great criticism of the Darwinian theory was
that variations are not at their origin usually of sufficient
size to be advantageous or disadvantageous in the struggle
for existence. The fortuitous, fluctuating variations which,
according to the Darwinian theory, furnish the material
for natural selection are usually so insignificant that they
cannot have a life-or-death value in the struggle for ex-
istence of the individuals characterized by them. For
example, the polar bear whose white fur is undoubtedly
advantageous to it has in all probability descended from
the brown bear. But if it has acquired its white coat
through the selection of favorable fluctuating variations, it
is difficult to see how the first white hairs or small patches
of white which appeared in the fur of certain of the brown
bears could have had sufficient selective value to give these
individuals the advantage over their fellows. It is evident
that a variation, even though it is in a favorable direction,
has no advantage over other variations unless it has im-
mediate selective value, for otherwise it will be swamped
by interbreeding. A variation must therefore be of suffi-
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cient size to be of immediate selective value if it is to be
perpetuated. But the critics of Darwinism have contended
that most of the fluctuating variations are not of sufficient
size to have selective value, and therefore selection could
not have been the main force in the origin of species and
in organic evolution.

Another criticism which has been made of the Darwinian
theory is that there has not been enough geological time for
organic evolution according to Darwinian methods. It is
evident that the selection of slight variations is a slow pro-
cess, and that it would take a vast number of such varia-
tions to build up the complex organic forms now in existence.
It was estimated by Kelvin, Tait, and others by means of
deductions made from the central heat of the earth, from
the rate of deposition of the calcareous deposits, from the
increase in the amount of salt in the sea, and from various
other sources, that the surface of the earth has been inhabit-
able for a period under one hundred million years. Some
of the Darwinian evolutionists have estimated that it must
have taken thousands of millions of years for organic evolu-
tion by the selection of slight variations. If, therefore, the
estimates of these physicists are correct, there has not been
sufficient time for Darwinian evolution. But the recent
discovery of radium has revealed sources of heat in the sun
which were not conceived of before. This indicates that
the life of the earth may have been very much longer than
was estimated by Kelvin and Tait, and that there may
have been enough time for Darwinian evolution.

1t is needless to emphasize here the vast influence which
the Darwinian theory has had. As has already been noted,
Darwin was determined to account for the origin of species



38 The Science of Human Behavior

and organic evolution on natural grounds, and with pains-
taking care he accumulated a vast amount of data to sup-
port his brilliant generalizations. His theory came with
convincing power to his own generation and proved once
for all the fact of organic evolution, while it also threw a
great deal of light upon the manner in which this evolution
must have taken place. But, as we have seen, serious
criticisms have been made of the Darwinian theory, and we
must discuss the theories which are trying to supplant the
Darwinian theory. Before doing so I wish to discuss the
theories of the great Neo-Darwinian biologist, Weismann,!
who, though he has varied in several important respects
from Darwin, has tried to answer the criticisms of Darwin
and to prove the validity of the central Darwinian doctrine.

WEISMANN

The first great accomplishment of Weismann was that he
completely refuted the Lamarckian theory. In this respect
he varied from Darwin, since, as we have seen, Darwin
was not entirely free from Lamarckism. By means of a
painstaking analysis of many of the supposed cases of La-
marckian inheritance, Weismann showed that the heredi-
tary transmission of characters acquired through use and
disuse is not possible. On the contrary, he showed that
inheritance must be through the germ cells, upon which
acquired characters can have no direct effect. He there-
fore devoted much attention to the study of the constitution
of the germ cells. He described the constitution of the
germ cell as follows. The lowest chemical unit in the germ

1 A. Weismann, The Germ Plasm, London, 1893; On Germinal Selection as a
Source of Definite Variation, Chicago, 1896.
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cell as elsewhere is the molecule. The lowest biological
unit is, however, more complex and is composed of a num-
ber of molecules. This biological unit Weismann called
biophor. The biophor is a true form of living matter in
that it absorbs nutriment during its life. These biophors
are organized into deferminants, each of which represents a
special kind of somatic cell. The determinants are in turn
organized into ids, each of which represents a distinct part
of the organism. Assuming as he did that inheritance is
entirely through the germ cells, it was incumbent upon
Weismann to describe the mechanism by which the germ cell
determines the character of the fully developed organism.
He was not the first who discussed the structure of the germ
cell, for various other biologists have set forth hypotheses
as to this question. We find several of them postulating
ultimate biological units like Weismann’s biophors. Thus
we have Darwin with his gemmules, Spencer with his phys-
iological units, Négeli with his micellee, Galton with his
stirps, De Vries with his pangenes, Haeckel with his plasti-
dules, etc. All these so-called micromeric theories assume
that each character in the fully developed organism can be
traced back to a unit in the germ cell. There have been
other theories as to the constitution of the germ cell and the
mechanism of inheritance, such as the biogen theory of
Verworn, the physical machine theory of Delage, the
chemism theory of Le Dantec, but I have no space to
discuss these theories here. It has so far been impossible
to furnish any positive proof of any of these theories be-
cause of the microscopic and unstable nature of the germ
cell. Tt is, however, necessary for each writer on the sub-
ject to adopt some sort of an hypothesis as to the nature
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of the germ cell, however impossible it may be to prove or
disprove this hypothesis.

Having assumed an hypothesis as to the nature of the
germ cell, Weismann now turned his attention to answering
the critics of Darwinism. He was forced to admit that
many favorable variations are not at first of sufficient size
to possess a life-or-death significance in the struggle for
existence. In order, therefore, to explain how slight favor-
able variations are preserved, he set forth his theory of
germinal selection. This theory extends the idea of selec-
tion to the germ cell and assumes a selective process among
the parts of the cell as well as among complete organisms.
We have already noted that Weismann believed that the
units within a cell absorb nutriment as well as the cell as
a whole. There may therefore arise among these units a
struggle for nutriment. If one of these units happens to be
a little stronger than the others, it will secure a larger share
of the nutriment and will therefore grow to a larger size.
Its increase in size will give it still further advantage in the
struggle for nutriment, and will result in a further increase
in size. This advantage secured by one determinant over
others would be perpetuated from generation to generation
of germ cells, and thus variation in a definite direction would
come about. Such definite variations would in the case of
some determinants be in the direction of degeneration and
decrease in size where the determinant is at a disadvantage
in the struggle for nutriment. These variations in a definite
direction in determinants would be manifested in definitely
directed variations in the fully developed organism. But
these variations might for a long time not be of sufficient
size to have selective value. As soon, however, as the



The Anatomical and Physiological Basis 41

variation had become of sufficient size to have life-or-
death significance, external forces would immediately exert
a selective power over them, preserving and perpetuating
the individuals manifesting favorable variations and sup-
pressing those with unfavorable variations.

Weismann believed that by means of his theory of ger-
minal selection he was able to show how variations are
furnished as material for natural selection. But while he
has extended the idea of a struggle and of selection to the
germ cell, it is evident that this struggle and selection are
very different from the Darwinian struggle for existence and
natural selection. The Weismannian theory differs very
greatly from the Darwinian in that the materials for selec-
tion are no longer slight fluctuating variations, but variations
of considerable size directed in a definite line of develop-
ment. Thus the theory of germinal selection is more nearly
a causo-mechanical explanation of orthogenetic variation,
that is to say, variation directed along a definite line by
internal forces, than it is a theory of variations caused by
external forces. The theory of germinal selection may be
true, but it furnishes no assistance to the Darwinian theory
of natural selection.

Another criticism of the Darwinian theory has been that
it fails to account for the degeneration of useless parts. If
a useless part is harmful to the organism and hinders it in
the struggle for existence, it will be eliminated by natural
selection. But if the useless part is harmless and does not
hinder the individual in the struggle for existence, there
seems to be no reason why it should not persist in its full
vigor as much as the useful parts. Weismann endeavored to
explain the degeneration of useless parts by means of his the-
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ory of panmixia. As we have seen, variations come about
as a result of the success or failure of the determinants to
secure nutriment. When a variation has become of suffi-
cient size to be of life-or death significance, if it is advan-
tageous it will be preserved and encouraged by natural
selection, if it is disadvantageous it will be suppressed in
a similar fashion. A variation may, however, be neither
advantageous nor disadvantageous, or after having been ad-
vantageous, it may have become useless. In this case it
will no longer have the force of natural selection in its sup-
port. It will therefore persist only so long as its determi-
nant is successful in securing nutriment. When its deter-
minant happens to lose in this struggle, a definitely di-
rected downward variation will commence which will not be
checked by natural selection, and thus the part will degener-
ate and may in course of time disappear entirely. Thus,
according to Weismann’s theory of panmixia, in the mixing
of parts which takes place at reproduction the determinants
which represent the parts which are advantageous to the
organism, and are therefore being supported by natural
selection, will have the advantage in the struggle for nutri-
ment within the germ cell, while the determinants which
represent useless parts will lack the support of natural
selection and are certain in course of time to lose ground
in the struggle for nutriment and to degenerate. The the-
ory of panmixia is, however, as hypothetical as the theory
of germinal selection and the nature of the germ cell as de-
scribed by Weismann, so that it is impossible to say how true
an explanation it is of the degeneration of useless parts.
Certain it is that many such useless parts are to be found in
the vestigial and rudimentary organs which exist in all
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organic forms, and for which an explanation must be given
in any complete theory of organic evolution.

Weismann devoted a good deal of attention to the expla-
nation of the origin of variations. We have already seen in
the theory of germinal selection how variations may come
about as the result of changes in the nutriment of the de-
terminants. Weismann believed furthermore that amphi-
mixis, or reproduction by two parents, is of great value in
stimulating variability. In amphimixis two lines of de-
scent are crossed, and in the mixing of determinants
which takes place there is much greater possibility of
new combinations of characters. Some attempt has been
made to determine whether there is more variability in
amphimixis than in self-fertilization or parthenogenesis.
Nothing conclusive has been learned, though there is
some indication that there are no more slight fluctuating
variations in amphimixis than in other forms of repro-
duction. But this does not mean necessarily that am-
phimixis does not cause more of the large non-fluctuating
variations.

Weismann has insisted that he has proved that variation
is guided by utility, and that the degree of adaptiveness of a
part evokes the direction of variation of that part. He has
furthermore insisted that he has proved that there is no
conscious directing power in adaptations, however purpo-
sive they may seem. We have seen that he may not be
correct in thinking that all variations are guided by utility,
inasmuch as some of them may be orthogenetic in their
origin and therefore independent of considerations of
utility. But there can be little doubt that Weismann, next
to Darwin, has done more than any one else to show that
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organic evolution has not in the slightest degree been teleo-
logical, but has been the result of purely natural forces.
Furthermore, Weismann has stimulated greatly the study
of the internal forces in organic evolution by insisting that
the germ cell is the sole agent of heredity.
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WE have now discussed orthogenesis as represented in the
theories of Nigeli and Eimer and theories of organic evolu-
tion based in the main upon the action of external forces as
represented in Lamarck and Darwin, while in Weismann we
find an example of a theory of organic evolution which com-
bines the internal with the external forces. Weismann will
therefore serve well as an introduction to heterogenetic
theories of organic evolution.

HETEROGENESIS

By heterogenesis it is meant that organic evolution and
the origin of species have resulted from occasional, sudden,
45
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and fixed variations which may be large or small, and which
appear in offspring and form the starting point for new
types and species. Inasmuch as the heterogenesists ac-
count for these sudden variations or mutations, as they are
frequently called, by the interaction of internal ortho-
genetic forces and external environmental forces, hetero-
genetic theories form a type which is a sort of combination
of the two types of theories which I have been discussing.

Heterogenetic variations are usually called discontinuous
in the sense that they do not come gradually as the result
of slight changes, but suddenly and all at once. In this
respect they are contrasted with the continuous Darwinian
variations, which appear as the result of the selection
of slight fluctuating variations. Discontinuous variations
are not governed by the law of probability like the fluctuat-
ing variations and do not fall within a normal curve of
frequency. Heterogenesis as a theory of species forming
has been advocated by various biologists since the time of
Darwin, such as von Kolliker, Galton, Bateson, Emery,
Korschinsky, de Vries, etc. Some of these biologists have
been anti-Darwinian ; others have agreed with the Darwin-
ian theory in the main, but have varied from it in believing
that discontinuous variations have had something to do
with the formation of species. I wish to speak in particu-
lar of the theories of Bateson and of de Vries.

BATESON

Bateson ! classifies variations as falling under two main
types, namely, substantive variations and meristic varia-
tions. By a substantive variation he means any change

1 W. Bateson, Materials for the Study of Variation, London, 1894.
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in the internal composition or structure of any part of the
organism. By a meristic variation he means any change in
the arrangement or repetition of the parts of the organism.
He has enumerated and described a large number of cases
of meristic variation. In introducing the description of
these variations he has discussed at some length the sub-
ject of symmetry in organic forms.

Symmetry is an almost universal phenomenon in the
organic world. Three main types of symmetry may be dis-
tinguished, — linear, bilateral, and radial symmetry. In
linear symmetry parts are repeated in consecutive order, as,
for example, in the case of the rings of a worm or snake or
of the vertebra in a vertebrate. In bilateral symmetry a
part is repeated once in a corresponding position, as in the
case of the arms and the legs of a vertebrate. In radial
symmetry parts are repeated, branching out from a central
point, as in the tentacles of a starfish or the petals of a
flower. Some have reasoned in accordance with the Dar-
winian theory that symmetrical forms are adaptations re-
sulting from the workings of natural selection. It is true
that symmetrical parts do frequently adapt an organ-
ism to its environment. For example, freely moving
animal forms are usually characterized by linear and bi-
lateral symmetry, though a few freely moving animals are
characterized by radial symmetry, as, for example, the sea
urchin. Immobile plant forms usually display radial sym-
metry, though linear symmetry also is frequently found,
as in the stalk of a plant, and bilateral symmetry less fre-
quently, as in some forms of flowers. Immobile animal
forms also are usually characterized by radial symmetry,
as, for example, the sea anemone. But the fact that symme-
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try is frequently advantageous to an organic form does
not prove necessarily that it is an adaptation. For ex-
ample, it has been pointed out that the symmetry is fre-
quently more perfect than is necessary for adaptation, so
that there must have been some force at work apart from
adaptation in causing this symmetry. Furthermore, sym-
metry is sometimes disadvantageous to an organic form.
These facts indicate that symmetry is probably caused in
the main by orthogenetic forces and that, though natural
selection may have suppressed many symmetrical forms
which have proved to be disadvantageous and has preserved
many other symmetrical forms which have proved to be
advantageous, it has had nothing to do with causing this
symmetry.

I have already called attention to the fact that crystals
are symmetrical like organic forms. It is quite possible
that such symmetry as exists in the primordial protoplasm
has been caused in a fashion similar to the symmetry of
crystals ; namely, by the forces inherent in the molecules of
the elements which composed it. But this would not be a
sufficient explanation for the symmetry which characterizes
more complex organic forms. The symmetry of these
complex forms must in all probability be traced back to
the mitosis or division of the cell. All organic growth takes
place as the result of such mitosis. A cell usually divides
into equal parts, and the nuclein which is divided between
the two new parts carries the same characters, so that it is
nof surprising that there should be the repetition of parts
which, as we have seen, characterizes symmetry. It
has been observed in certain bilateral organisms that the
first cell division marks the dividing line between the two
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corresponding sides of the organisms. The complete
explanation of symmetry would in all probability be much
more complicated than has been indicated, but such a full
explanation has not yet been furnished us by the biologists,
and I have not the space to discuss it further here. What
has been said is sufficient to indicate how symmetry may
have resulted orthogenetically from the internal structure
and forces of the organism.

Bateson, who is opposed to Darwinism in certain im-
portant respects, believes that symmetry is orthogenetic in
its origin, though he offers no explanation for the develop-
ment of symmetrical forms. Many of the discontinuous me-
ristic variations which he has described are asymmetries or
variations from the usual symmetrical forms. In another
place he has suggested that heredity is a special case of the
symmetrical division of the cell, while genetic variation is
a consequence of asymmetrical division of the cell. As
Bateson himself says, we know so little as yet with regard
to mitosis that it is impossible to judge as to the validity
of this hypothesis. Assuming, however, that these varia-
tions do result from the asymmetrical divisions of the cell,
the important question is as to whether these variations are
perpetuated and become the permanent characters of a
type. Such discontinuous variations have been observed
for a very long time and have been called sports, mon-
strosities, teratological forms, etc. They have usually
been regarded as abnormalities which could not persist
permanently, though sometimes reappearing through several
generations. It has been contended that discontinuous
variations are usually repetitions or misplacements of old
parts, and not appearances of new structures ; that they are

n
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very rare, and are not usually inherited because they are
swamped by intercrossing and so cannot account for the
discontinuity of species. Bateson, however, believes that
these discontinuous variations are inherited and may form
the characters of a new type, though I suppose he would
not deny that if these new characters were sufficiently
disadvantageous to the organism they might be eliminated
by natural selection. If his suggestion that discontinuous
variations result from asymmetrical cell divisions is true,
and that these discontinuous variations are inheritable,
then he must believe that these variations are normally
transmitted in symmetrical cell divisions. It would seem,
then, as if the organism would in course of time lose all
symmetry if many of these variations took place. It may
be, however, that not all of these asymmetrical cell divi-
sions result in asymmetrical variations in the fully de-
veloped organism, while the organisms which become most
asymmetrical are eliminated by natural selection, because
of their unfitness for their environment.

At this point should be noted the part played by the
correlation of parts as a cause of variation. Many of the
parts of an organism are so related to each other that a
change in one of them necessitates changes in the other.
This may be because the parts are repetitions of each
other as in symmetry, or because they grow out of and after
each other. Thus a single variation at the origin of the
individual organism may result in a more or less com-
plicated series of changes in the fully developed organism.
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De VRIES

Let us now turn to de Vries,! who is perhaps the most
distinguished representative of the theory of the origin of
species by discontinuous variations or mutations, as he
usually calls them. De Vries has carried on many pains-
taking experiments with plants in order to study these
mutations. He has been most successful with the great
evening primrose, or (Enothera Lamarckiana. This plant,
which he believes came from America, he found growing in
a wild state near his home in Amsterdam apparently in
a state of mutability. He experimented with this plant
through several generations and secured seven varying
forms which he believes are new mutations. These new
forms bred true when self-fertilized, and de Vries believes
that they are elementary species. He has formulated the
theory that an organism may pass through a state of mu-
tability when one or more of these mutations will appear.
This idea had already been suggested by Galton under the
name of organic instability,and had been aptlyillustrated by
him by means of a polyhedron, which is quite stable on one
of its bases, but very unstable on another. Such instability
or mutability may be caused by a change in environment.
Or it may result from the cumulative effect of forces in the
environment which are causing slight internal changes
which suddenly manifest themselves in one or more external
changes in the organism. Just how these environmental
forces affect the germ cells in such a fashion as to cause
these mutations has not been clearly shown by any of the
mutationists. Their theory sounds a little like Neo-

1H. de Vries, Die Mutationstheorie, Leipsic, 19o1; Species and Varieties, theis
Origin by Mutation, Chicago, 1905.
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Lamarckism because of the emphasis which is laid upon the
direct effect of the environment upon inheritance. But I
believe they all repudiate Lamarckism, and they may yet
succeed in showing how the environment can have this
direct effect upon heredity.

Unfortunately for de Vries, it has been said that the plant
with which he experimented, the Enothera Lamarckiana,
was a hybrid which had come from the Jardin des Plantes
in Paris. If this is the case, these varying forms which
he believed to be mutants may be ancestral forms reap-
pearing in these descendants. Until this question is decided
it will be impossible to estimate at its true value the work
of de Vries. With regard to the mutation theory in general
there have been as yet few if any well-authenticated cases
of such mutations, forit is not always possible to tell whether (
or not these apparent mutations are the result of hybridi-
zation.

If the mutation theory could be proved, it would avoid several of
the difficulties in the natural selection theory of the formation of
species. Morgan has summed up the advantages of the mutation
theory as follows: —

“1. Since the mutations appear fully formed from the beginning,
there is no difficulty in accounting for the incipient stages in the de-
velopment of an organ, and since the organ may persist, even when it
has no value to the race, it may become further developed by later
mutations and may come to have finally an important relation to
the life of the individual.

“2. The new mutations may appear in large numbers, and of
the different kinds those will persist that can get the foothold. On
account of the large number of times that the same mutations appear,
the danger of becoming swamped through crossing with the original
form will be lessened in proportion to the number of new individuals
that arise.

“3. If the time of reaching maturity in the new form is different
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from that in the parent forms, then the new species will be kept from
crossing with the parent form, and since this new character will be
present from the beginning, the new form will have much better
chances of surviving than if a difference in time of reaching maturity
had to be gradually acquired.

“4. The new species that appear may be in some cases already
adapted to live, in a different environment from that occupied by
the parent form ; and if so, it will be isolated from the beginning, which
will be an advantage in avoiding the bad effects of intercrossing.

“s. It is well known that the differences between related species
consist largely in differences of unimportant organs, and this is in
harmony with the mutation theory, but one of the real difficulties of
the selection theory.

“6. Uscless or even slightly injurious characters may appear as
mutations, and if they do not seriously affect the perpetuation of the
race, they may persist.” !

MicroMERIC THEORIES

It must be evident from what has gone before how im-
portant it is to study the internal structure of the germ cell.
If it be true, as Weismann and other great biologists have
contended, that all inherited characters are transmitted
through the germ cell and that all genetic variations arise
in the germ cell, it is evident that we cannot hope to know
much more about heredity and variation until we know
more as to the nature of the germ cell. As has been noted,
it is difficult to learn anything definite about the germ cell
because of its miscroscopic size and unstable nature. And
yet it is necessary for each writer on the subject to adopt
some sort of an hypothesis as to the nature of the germ cell.
Consequently there are numerous micromeric theories,
as, for example, the gemmule theory of Darwin and the
biophor theory of Weismann, in which it is assumed that

1T, H. Morgan, Evolution and Adaptation, New York, 1903, pp. 298-299.
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each character in the organism can be traced back to a
unit in the germ cell. By extirpating certain chromosomes
in the germ cell and then noting how the organism which
develops from it varies from the normal organism, it might
be possible to determine whether specific characters are de-
termined by specific units in the germ cell. This would
furnish a test of micromeric theories. But it is doubtful
if this experiment could be carried out successfully, partly on
account of the minute size of the germ cell, but also because
the shock of the operation would probably either kill the
cell or at least derange its development very greatly.

There has, however, been some criticism of these mi-
cromeric theories. For example, Loeb has said that “mor-
phological structures can only play a réle through their
physical and chemical properties,””! thus insisting that the
ultimate causes of the phenomena of heredity and variation
are to be found not in any vital unit in the cell, but in the
properties of the elements of which the cell is composed.
Le Dantec? has criticized much more drastically these
micromeric theories. He says that the micromerists, while
admitting that they cannot explain one of these units, have
only complicated the problem by assuming a vast number
of them. In the place of thesc micromeric theories he
proposes his chemism theory. According to this theory a
species is distinguished by the chemical composition of its
germ cells. A chemism theory can take no primary ac-
count of form, but as conditions of chemical identity will
usually involve identity of form, the individuals composing
a chemical species will possess a similar or identical form.

1J. Loeb, The Dynamics of Living Matter, New York, 1906, p. 186.
3F. Le Dantec, Traité de biologie, Paris, 19ob.
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There have been several other physico-chemical theories
as to the nature of the mechanism by which the germ cell
transmits characters, but I have not the space to discuss
them here.
MENDEL

The idea of unit characters, namely, the idea that the
characters in an organism may be traced back to distinct
units in the germ cell, is now very popular among biologists,
probably in large part because of the rediscovery of the
work of Mendel. The facts as to this rediscovery in the
year 1900 are too well known to nced repetition here. The
discovery immediately aroused great interest, because it
seemed to confirm conclusions arrived at by de Vries,
Correns, Tschermak, and others. The significant thing
about the work of Mendel was that he had devised an ex-
perimental method of studying heredity and variation.
After crossing certain species, varieties, or types he had
traced the characters in which they differed through several
generations in order to determine in what proportion and
in what manner they reappeared. As a result of these
experiments he formulated a law governing the trans-
mission of unit characters in hybridization. Mendel had
noted that in most if not all species, varieties, and types
there are certain characters which when hybridization
takes place do not blend with the corresponding characters
in the other species, variety, or type. That is to say, in
the hybrid either the one or the other of these alternative
characters appears. Such characters have been called, I
believe, by Bateson, allelomorphs. Mendel discovered that
in some of these allelomorphic pairs of characters one of
the characters is usually dominant and the other recessive.
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That is to say, the dominant character appears more fre-
quently in the sum total of the offspring throughout any
number of generations than the recessive character.
Furthermore, he discovered what the proportion between
the dominant and recessive characters in the offspring usually
is. He found that in the first generation all the offspring
bear the dominant character. But in the second generation
three fourths of the offspring bear the dominant character
while one fourth bear the recessive character. The descend-
antsof the individuals bearing therecessive character display
thereafter only the recessive character. Apparently, there-
fore, the dominant character has been eliminated from the
inheritance of this line of descent. Of the offspring bear-
ing the dominant character in the second generation, one
third give birth thereafter to individuals bearing only the"
dominant character. Apparently, therefore, the recessive
character has been eliminated from the inheritance of this
line of descent. The descendants of the other offspring
in the second generation bearing the dominant character
again break up into individuals bearing the dominant and
recessive characters in a proportion of three to one, and the
same process takes place of a segregation of lines of descent
in which there is transmitted only one of the two characters.
The fertilized germ cells in hybridization from which
one of a pair of allelomorphic characters has been eliminated
have been named homozygotes, while the fertilized germ cells
which bear both of the characters of an allelomorphic
pair are called heterozygotes. The segregation of allelomor-
phic characters in homozygotes has been called by Bateson
the most significant part of the Mendelian law.! Bateson

1'W. Bateson, Mendel’s Principles of Heredity, Cambridge, 1909, chap. 15.
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believes that such segregation explains purity of type.
That is to say, a pure-bred organism is one which is entirely
homozygous. If this is true, the Mendelian law is of great
value in showing what constitutes purity of type.

It is believed by Mendelians that the Mendelian law
explains some kinds of inheritance, while some of them seem
to think that it explains all kinds of inheritance. For
example, particulate or mosaic inheritance is explained by
the Mendelians according to the Mendelian law. In such
inheritance an offspring displays the characters of one parent
in certain of its parts, while it displays the characters of the
other parent in other parts, in such a fashion as to present
a sort of mosaic pattern of the characters of the two parents.
We have an example of this in the case of piebald coloring,
where the offspring displays the color of one parent in
certain parts of the body and of the other parent in other
parts. The Mendelians believe that the offspring is thus
displaying the unit characters of both parents. In the
case of piebald coloring it is uncertain whether the appear-
ance of the colors of both parents is due to imperfect domi-
nance or is because the coloring of different parts of the body
is represented by different unit characters.

The Mendelians believe that exclusive inheritance also
can be explained by the Mendelian law. In this form of
inheritance the offspring resembles one parent exclusively.
According to the Mendelians such inheritance takes place
when one parent bears all the dominant characters ; that is
to say, is thoroughly prepotent according to the older man-
ner of expressing it.

Some of the Mendelians seem to think that blended in-
heritance also is explained by the Mendelian law. Such
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inheritance exists when the characters of the two parents
are so mingled that neither character appears distinctly.
Thus when a white is crossed with a negro there is derived
a shade of black which is called mulatto. Karl Pearson!
states that he has searched through all the literature on the
subject and has found records of only three cases where the
crossing of a white and a negro resulted in black or white
in the offspring, and has offered further evidence to show
that such a crossing almost invariably results in a blend.
The same is true of a great many other characters, and it
is difficult to understand why certain Mendelians try to
apply the Mendelian law to these cases.? It may be because
they think that in a case of blended inheritance the allelo-
morphic characters are equally potent, and therefore both
of them manifest themselves in the offspring. But this
seems to indicate that unit characters are not as sharply
distinguished from each other as the Mendelians would
have us believe.

Because of the exaggerated claims of some of the Mende-
lians, it is well to note carefully just what Mendelism has
taught us. In the first place, Mendelism throws no direct
light upon the nature of the germ cell, though it may in-
directly be of great assistance in criticizing certain of the
theories as to the nature of the germ cell. For example,
inasmuch as the Mendelian law seems to indicate the exist-
ence of unit characters, it gives valuable support to micro-
meric theories of the nature of the germ cell. Furthermore,
Mendelism does not postulate discontinuous variations or
reveal their causes. So far as I know, nowhere in his writ-

1 Biometrika, Vol. VI, pp. 348-353 (Nov., 1910).
2 C. B. Davenport has made experiments which he thinks prove that the color
of the mulatto is not a blend. See Am. Naturalist, Vol. xlv (1911).
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ings did Mendel express a belief in such discontinuous varia-
tions, though they seem to imply such a belief. It has been
suggested by Bateson that mutations may be recessives
appearing after a crossing, but if this be the case, it would
seem as if they were not mutations or discontinuous varia-
tions at all, but simply reappearances of ancestral charac-
ters. Nothing new, therefore, could arise as the result of
the reappearances of these ancestral characters except as
new combinations of them constitute new types.

Bateson has also attempted to explain reversion by means
of Mendelism. He speaks as follows: ‘‘Reversion occurs
when the sum total of the factors returns to that which it
has been in some original type. Such a return may be
brought about by the omission of an element or elements,
as when the rose-comb fowl for any reason has a single-
combed offspring. Conversely, the return may occur by
the addition of some missing element needed to complete
the original type. As yet no means are known by which
the omission or addition of elements can be made at will, ex-
cept by crossing. Reversion on crossing is thus the partic-
ular case in which one or more missing factors are brought
in by the parents of the cross-bred. The most striking
cases of such reversion on crossing are those in which neither
parent seems to the observer to contain anything specially
reminiscent of the original type, and yet the offspring of
the cross are all of that type.”! It may well be that these
cases which result from hybridization and which Darwin
called “reversion on crossing’’ can be explained on Mende-
lian grounds. But de Vries calls them cases of ““false
atavism or vicinism” which are due to crossing. He be-

1 Bateson, o0p. cit., P. 279.
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lieves that most cases of apparent reversion are due to
crossing and that ““true atavism, or reversion caused by an
innate latent tendency, seems to be very rare.””! The
Mendelians have not yet explained the cases of true re-
version. It is quite possible that the idea of unit characters
is needed to explain reversion, but these unit characters
do not act in cases of reversion necessarily in accordance
with the Mendelian law.

GALTON

It has been claimed by Bateson and other Mendelians
that Galton’s law of ancestral inheritance is nullified by
the Mendelian law. Galton’s law was to the effect that an
individual inherited on the average one fourth of his char-
acters from each parent, one sixteenth from each grand-
parent, one sixty-fourth from each great grandparent, etc.,
so that the sum total of these ancestral contributions would
amount to unity. The Mendelians have pointed out that,
for example, in a case of exclusive inheritance an individual
may inherit all his characters from and through one parent
so that the other parent will not be represented at all in
his inheritance. Thus Galton’s law is not a physiological
formula which can be applied in every individual case.
The Gaitonians have, however, asscrted that even though
it may not be a physiological formula, it is still a statistical
formula which applies on the average to a large number of
generations breeding freely. But it is contended by Bate-
son that the discovery of the fact of segregation has de-
stroyed the utility of Galton’s law as a statistical formula
also. ‘“At the time that Galton’s views were promulgated,

1 De Vries, o0p. cit., pp. 187-188.
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nothing was known of segregation. The supposition that
any individual, whatever its own characters, was capable
of carrying on and transmitting to its posterity any of the
characters exhibited by its immediate progenitors, at all
events, was generally received without question by biolo-
gists. According to that idea the number of classes of in-
dividuals differing in respect of their ancestral composition
and transmitting powers is to be regarded as indefinitely
large, whereas in all cases of sensible allelomorphism the
number of classes of individuals is three only, two being
homozygous and one heterozygous. The difference between
the two schemes is thus absolute and irreconcileable.” !
It may well be that the proportion between the average
contributions of the different ancestors is not correct as
stated by Galton. As a matter of fact, his leading disciple,
Karl Pearson, has proposed a different ratio. But I be-
lieve that the law of ancestral inheritance is true to this
extent, that the more distant the ancestors, the less the
resemblance tends to become between them and their de-
scendants. This is true if for no other reason because the
more distant the ancestors, the more time there has been for
variations and mutations to arise which will lessen their
resemblance to their descendants. It is therefore useless
for the Mendelians to deny entirely Galton’s law. as a
statistical formula, however successful may be their
criticism of it as a physiological formula. They are, how-
ever, right in denying that it is a law of inheritance, for it
does not describe how inheritance actually takes place in
a single case, but merely indicates some of the results of in-
heritance in a large number of cases.

1 Bateson, 0. cit., p. 137.
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I do not know whether the Mendelians have attacked
Galton’s law of filial regression, but it seems as if they
would attack this law also on the same grounds upon which
they have attacked the law of ancestral inheritance. The
law of filial regression as stated by Galton was to the effect
that children tend to approximate the mean or average of
the stock more closely than their parents. The Mende-
lians might point out that inasmuch as this is not necessarily
true in any individual case, this law is not a physiological
formula any more than the law of ancestral inheritance.
They might also attack it as a statistical formula on the
ground that in cases of segregation there is no regression
to the characters of the average of the ancestors. It is
evident that Galton’s law is simply another way of stating
the familiar statistical law that any group of phenomena
tend to approximate a normal mean or average, which can
be represented graphically by the normal curve of frequency.
Thus in any stock which is fairly stable its members will
tend to approximate the mean or average of that stock.
But it must be noted that in order that there shall be re-
gression towards the mean, there must already have been
at least as much digression from it. And in order that
there shall be any change in the type or species, there must
be at least a little more digression from the mean than there
is regression towards it. The law of filial regression is,
therefore, not very illuminating and is perhaps even some-
what misleading, inasmuch as it takes no note of the di-
gression from the mean of the stock which must precede
and accompany regression towards this mean.

The attitude of the Mendelians towards Galton’s law of
ancestral inheritance illustrates their tendency to depre-
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ciate greatly the value of statistical methods of studying
variation and inheritance in favor of their own experimental
methods. It is true that their experimental methods can
be used in a great many places where statistical methods
are not applicable. But it is useless to deny that in the
study of biological phenomena, as of any other natural
phenomona where there are a large number of cases
to be investigated, the statistical method is the only
feasible one. Furthermore, the statistical method is quite
as experimental and inductive as that of the Men-
delians.

The preceding instance illustrates the tendency on the
part of certain Mendelians, as, for example, Bateson and
his followers, to exalt Mendelism to an unwarranted degree.
To claim that Mendelism supplants Darwinism in any sense
is entirely unjustifiable, while it certainly is preposterous
to make any personal comparison between Mendel and
Darwin which is in favor of Mendel, for, however much his
theories may be disproved by the progress of biology, Dar-
win still remains the preéminent figure in biological science.
As we have already seen, and as is admitted by the Mende-
lians themselves, Mendelism explains the origin and causes
of variation no more than Darwinism. While it denies
that selection is a cause of variation, it does not deny the
potency of natural selection in determining the survival
or extension of variations, as is indicated by Bateson him-
self in the following words: “There is also nothing in
Mendelian discovery which runs counter to the cardinal
doctrine that species have arisen ‘by means of Natural
Selection, or the preservation of favored races in the struggle
for life,’ to use the definition of that doctrine inscribed on
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the title of the Origin. By the arbitrament of Natural
Selection all must succeed or fail.” !

It may further be pointed out that much that is discussed
under the head of Mendelism is not peculiarly Mendelian.
For example, we have seen that there have been numer-
ous micromeric theories of the germ cell which postulate
the existence of unit characters. A comparison has been
made between Weismannism and Mendelism. It is evident
that the determinants of Weismann are similar to the unit
characters of Mendel. The purity of type which according
to Mendelism results from segregation, according to Weis-
mann is wrought out by a process of germinal selection.
The dominant character of Mendelism may prove to be
the stronger determinant of Weismann which succeeds in
getting a larger share of nutriment in the intragerminal
struggle.

Pure LINES

In this connection it may be well to speak of the theory
of pure lines. A pure line consists of all the descendants
of a single individual where the mode of reproduction has
been by self-fertilization. Johannsen has studied the pure
lines of barley, beans, and other plants and has found that
in the inheritance of quantitative characters, as, for example,
the weight of seeds, a pure line has a normal variability of
its own. That is to say, the members of a pure line do not
tend to revert to the mean of the general population from
which the original self-fertilized ancestor of the pure line
was taken, but tend to fluctuate around this individual
ancestor as a mean. It has been found that the selection

10p. cit., p. 289.
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of fluctuating variations within a pure line is not effective,
but that the selected individuals tend to revert to the
mean of their line. This would seem to furnish further
evidence against the Darwinian theory of the selection
of fluctuating variations as a cause of organic evolution.
Furthermore, it raises the question of the mutability of
unit characters. De Vries and others have laid great em-
phasis upon the immutability of unit characters. Morgan
discusses this question as follows: —

“De Vries assumes that transitions between unit characters exist
as little as between the molecules of chemistry. It cannot be main-
tained, I think, from the evidence that we possess, that unit charac-
ters are immutable, for there are some cases in which it appears that
the unit characters may be halved by every crossing. It is true that
some of these cases may be explained by antagonistic characters both
developing and mutually influencing the result ; but if they do not
subsequently separate, it is impossible to tell whether or not a new
unit character has been formed by combination. Cases of blended
inheritance especially seem to come under this heading. But so long
as we do not know definitely what occurs in these cases, it seems to
me arbitrary to speak of unit characters as immutable and quite un-
necessary to make this idea a cardinal point of the mutation theory.
The behavior of certain characters in heredity shows that they do
act as units, and it is a great convenience to deal with them as such,
but unnecessary to push the matter so far as to hold that they are
immutable. If unit characters can be halved, altered, added to, or
changed in any way, their immutability does not seem to be an es-
sential point of their characterization, and, as has been said, there is
some evidence to indicate that such changes may take place.”!

SEX DETERMINATION

The idea of unit characters has recently played an im-
portant part in the study of the determination of sex. For
a long time the question of how sex is determined has been

1 T. H. Morgan, Experimental Zoology, New York, 1907, pp. 167-168.
F
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of great importance in biology. Many theories of sex
determination have been formulated. One of the oldest
theories has been that sex is determined by the nutriment
of the parent or of the germ cells themselves. Other
theories have been that it is determined by the age of the
parents or by their vigor. Some theories have been based
upon the condition of the germ cells. It has been claimed
by some that in the case of certain mammals if the egg is
fertilized soon after leaving the ovary, it tends to produce a
female; if not fertilized until later, it tends to produce a
male. Some have thought that in certain species the size
of the egg is correlated in some way with sex, the large eggs
producing females and the small ones males. It has been
contended that sex is determined by the ratio of the
nucleus to the cytoplasm. I cannot stop to discuss these
theories, however interesting they may be, but wish to speak
briefly of this idea of sex as a unit character which is now
attracting a great deal of attention in biology. In most of
the theories which have been mentioned the sex is not
necessarily determined at the beginning of the life of the
individual, namely, at the moment of conception, and the
sex is not entirely determined within the germ cell. But
according to the theory that sex is a unit character, it is
determined at the moment of conception and entirely within
the germ itself, no external forces playing a part in such
determination.

This theory has grown out of the discovery of the so-
called accessory or X chromosome, which seems to be the
sex determinant in certain species. The chromosomes are
minute particles of chromatin in the nucleus of the dividing
germ cell which it has been thought are the bearers of unit
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characters. There is a fixed number of these chromosomes
for each species. But it has been found in certain species
that half of the spermatozoa contain one chromosome less
than the usual number for the species. Just before fer-
tilization the number of chromosomes in both the egg and
the sperm is reduced to half in the course of the process
which is called the maturation of the germ cell. When
fertilization takes place, the chromosomes of the egg and of
the sperm are combined, and thus the fertilized germ cell
contains the full number of chromosomes. If the sperm
contains the accessory chromosome, the offspring will be
female ; if the accessory chromosome is absent, the offspring
will be male. Thus the accessory chromosome seems to
carry the character of femaleness, and the sperm cells may
be classified as male or female producing according to the
sex which they determine. It has also been thought that
a similar classification could be made of the egg cells. This
theory seems to explain the average equality between the
sexes which has so far been very difficult to explain. Some
of the Mendelians have taken up this theory and have
claimed that sex is an allelomorphic unit character. The
sexual individual would then be a Mendelian hybrid ex-
hibiting in itself one sex, but carrying the potentiality of
the other sex.

The theory that sex is a distinct unit character seems,
however, to be contradicted by the fact that there are mixed
sexual individuals known as gynandromorphs. Such cases
appear most frequently amo