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PREFACE TO THIRD EDITION

Tuis book, originally published in 1907, is intended as an intro-
duction to the study of heredity, a subject of fascinating interest
and of great practical importance. In recent years much pro-
gress has been made in the scientific study of heredity, and, as
the literature is widely scattered and often very technical, there
may be utility in an exposition which aims at being comprehen-
sive and accurate, and yet relatively simple. The bibliography
will enable serious students to fill in details, and follow up clues.
It is arranged with a subject-index, so that the literature dealing
with particular points can be seen at a glance.

The book hasaimed at a fair-minded treatment of the numerous
debatable questions, for it is too soon to settle down to fixed
conclusions on more than a few points. An attempt has been
made to keep practical problems in view, but it has not been
found advisable to risk many concrete suggestions. In most
cases we do not as yet know or understand enough to warrant
more than a general recommendation to take thought for the
morrow by considering the ideal of Eugenics.

A glance at the book will show that prominence has been
vid



viii PREFACE

given to three kinds of conclusions—those reached by microscopic
study of the germ-cells, those reached by the application of
statistical methods, and those reached through experiment,
There is equal justification for these three ways of attacking
the mysterious problems, and the results which have been
reached in a few years by a relatively small number of resolute
investigators, deserve the attention of all thoughtful men and
women., The new facts are of especial interest to medical
practitioners, to educationists, including clergymen, to social
reformers, and to actual or prospective parents.

I have, throughout, acknowledged my indebtedness to autho-
rities, and the bibliography (which 1s merely representative)
shows how many fields there are from which to glean. In
particular, I have been indebted to the works of (alton, Weis-
mann, Pearson, Bateson, and De Vries. |

I have to thank my friends Mr. E. S. Russell and Dr. John
Rennie for going over the proofs of the first edition, and saving
the pages from many mistakes. Dr. Leslie Mackenzie was kind
enough to read the chapter on Heredity and Disease, and some
of his helpful suggestions have been incorporated. I have to
thank Professor C. Correns and Professor H. E. Ziegler for
generously allowing me to copy four admirable diagrams ; also
Mr. Young Pentland and the Walter Scott Publishing Company
for allowing me the use of a number of figures which have done
duty in other books of mine. My thanks are also due to Mr.
Murray, who has encouraged me in a work which I was often

iattﬁmpted to abandon, whose good-humoured patience over
many delays I should long since have exhausted had he been
as many men are,

The demand for a third edition has given me the opportunity
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HEREDITY

CHAPTER 1

HEREDITY AND INHERITANCE : DEFINED AND ILLUSTRATED

§ 1. Importance of the Study of Heredity.

§ 2. What the Terms Mean.

§ 3. Heredity and Inheritance in Relation to other Bio-
logical Concepts.

A Question of Words.

The Problems Illustrated.

Denials of Inheritance.

Lo 0% 0%
oo

§ 1. Importance of the Study of Heredity

Heredity determines the Individual Life.—There are no
scientific problems of greater human interest than those of
Heredity—that 1s to say, the genetic relation between successive
generations. Since the issues of the individual life are in great
part determined by what the living creature is or has to start
with, in virtue of its hereditary relation to parents and ancestors,
we cannot disregard the facts of heredity in our interpretation
of the past, our conduct in the present, or our forecasting of the
future. Great importance undoubtedly attaches to Environ-

I



2 HEREDITY AND INHERITANCE

ment in the widest sense,—food, climate, housing, scenery, and
the animate miliew ; and to Function in the widest sense,—
exercise, education, occupation, or the lack of these; but all
these potent influences act upon an organism whose fundamental
nature is determined, though not rigidly fixed, by its Heredity—
that is, we repeat, by its genetic relation to its forebears. As
Herbert Spencer said, “‘ Inherited constitution must ever be the
chief factor in determining character ” ; as Disraeli said, more
epigrammatically and less correctly, ““ Race is everything.”
Heredity is a Condition of all Organic Evolution.—In the
same way, when we consider the race rather than the individual,
we must admit that in so far as evolution depends on inborn
organic changes, on what is bred in the bone and imbued in the
blood, as distinguished from individual efforts and acquirements,
external institutions and traditional culture, it is conditioned
by the hereditary relation which binds one generation to another.
Heredity is a condition of all organic evolution. Innate changes
or variations, which form the raw material of constitutional
progress or degeneracy, have direct racial importance because
they are certainly transmissible; while, on the other hand,
bodily modifications or acquired characters, due to changes in
environment or in function, probably have no direct racial
importance, since there is little or no evidence that they are
ever hereditarily entailed. They are individually important,
and in human society they are of much moment, but if they
are not transmissible they do not take organic grip, and they
cannot afford material for selection to work with. For the
human race, the external heritage of tradition, institutions, and
law, the permanent products of literature and art, the registrated
results of science, and so on, are of paramount importance, but
they are outside the immediate problem of organic or natural
inheritance. As far as the slow, sure process of constitutional
or organic evolution is concerned, everything depends on the
heritable resemblances and the heritable wariations which form
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the material on which the many diverse forms of selection and
isolation operate.

In olden days thoughtful men seemed to see the threads of
life within the hands of three sister Fates,—of one who held the
distaff, of another who offered flowers, and of a third who bore
the abhorred shears of death. So, in Scandinavia, the young
child was visited by three sister Norns, who brought characteristic
gifts of the past, the present, and the future, which ruled the
life to be as surely as did the hands of the three Fates. So, too,
in days of scientific enlightenment, we still think of Fates and
Norns, though our conceptions and terms are very different.
What the living creature is or has to start with in virtue of its
hereditary relation ; what it does in the course of its activity ;
what surrounding influences play upon it,—these are the three
determining factors of life. Heredity, function, and environ-
ment—jfamille, travail, lien—are the three sides of the bio-
logical prism, by which, scientifically, we seek to analyse the light
of life, never forgetting that there may be other components
which we cannot deal with scientifically, just as there are rays of
light which our eyes can never see.

In novels like Zola's Dr. Pascal, in plays like Ibsen’s Ghosts,
in sermons and newspaper articles, in large books and health
lectures, in season and out of season, we have all heard i the
last few years much about the importance of heredity; and
though it is to be feared that many widespread impressions on
the subject are misleading, the awakening of keen interest is
in itself a symptom of progress. What is now required is a
serious study of what has been securely established. Otherwise
we shall continue to think in platitudes and act on guesses.

Practical Importance to Breeders and Cultivators.—And
what is important in regard to Man’s heredity is even more
demonstrably important in regard to his domesticated animals
and cultivated plants. What has been achieved in the past in
regard to horses and cattle, pigeons and poultry, cereals and
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chrysanthemums, by experimental cleverness and infinite
patience, may be surpassed in the future if breeders and cultiva-
tors can attain to a better understanding of the more or less
obscure laws of inheritance on which all their results depend.

Importance in Biological Theory.—The study of heredity
is also of fundamental importance in the domain of pure science,
in the biologist’s attempt to interpret the process of evolution
by which the complexities of our present-day fauna and flora
have gradually arisen from simpler antecedents. For heredity
is obviously one of the conditions of evolution,—of continuance
as well as of progress. There would have been heredity even
if there had been a monotonous world of Protists without any
evolution at all, but there could not have been any evolution
in the animate world without heredity as one of its conditions.
The study of heredity is inextricably bound up with the problems
of development, reproduction, fertilisation, variation, and so
on ; in short, it is one of the central themes of Biology.

§ 2. What the Terms Mean

The Terms are tinged with Metaphor.—In the popular, if
not also in the biological mind, there often lurks the idea of a
hypothetical agent possessing the organism and uniting the
congeries of its characters. Expressed in diverse ways, there
is a prevalent conception of an organismal unity which gives
coherence to the sum of qualities (see Sandeman, 18g6). Espe-
cially in reference to higher animals with a rich mental life, many
find it impossible not to think of a “ soul ” or “ self ”’ to which
the body belongs. Naturally enough, therefore, the reappear-
ance in the offspring of qualities which characterised its parents
or its ancestors has been persistently likened to the inheritance
of a legacy. But this is to some extent a metaphorical expres-
sion, and not without its dangers.

At first the Organism and the Inheritance are Identical. —A
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moment’s consideration suffices to show that ideas and phrases
borrowed from the inheritance of property—something quite
apart from the individual who inherits—are apt to cause ob-
scurity and fallacy when applied to the inheritance of characters
which literally constitute the organism and are inseparable
from it. Therefore, as the biological conception of inheritance
seems still to suffer from the irrelevancy of the analogy to which

Fi1c. 1.—Ovum of a threadworm (Ascaris), showing (a) the chromosomes
of the nucleus, and the reserve products in the surrounding cell-
substance.—From Carnoy.

the term owes its origin, let us dwell for a little on the fact that,
at the start of an individual life, the inheritance and the organism
are identical. In other words, the idea of organic inheritance
is merely a convenient scientific abstraction, by which we seek
to distinguish what the organism is, in virtue of its germinal
origin, from what it is as the result of the influence of ensuing
circumstances. If we may use Galton’s and Shakespeare’s
terms, the idea of organic inheritance is an abstraction by which
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we seek to distinguish what is due to “ Nature” from what is
due to ** Nurture.”

Heredity and Inheritance defined.—In regard to property
there is a clear distinction between the heir and the estate which
he inherits, but at the beginning of an individual life we cannot
biologically draw any such distinction. The organism and its
inheritance are, fo begin with, one and the same. It 1s easy to
make this clear. Every living creature arises from a parent
or from parents more or less like itself ; this reproductive or
genetic relation has a visible material basis in the germinal
matter (usually egg-cell and sperm-cell) liberated from the
parental body or bedies ; by inheritance we mean all the qualities
or characters which have their initial seat, their physical basis,
in the fertilised egg-cell ; the expression of this inheritance in
development results in the organism. Thus, heredity is no
entity, no force, no principle, but a convenient term for the
genetic velation between successive gemerations, and inheritance
includes all that the organism is or has to start with in virtue of its
hereditary relation.

Nature and Nurture.—The fertilised egg-cell implicitly con-
tains, in some way which we cannot image, the potentiality
of an adult creature,—a tree, a de isy, a horse, a man. If this
potentiality is to be realised there must be an appropriate
eavironment, supplying food and oxygen and liberating-stimuli
of many kinds. Surrounding influences—maternal or external—
begin to play upon the developing germ, and without these
influences the inheritance could not be expressed, the potentiali-
ties could not be realised. Thus the organic inheritance implies
an environment, apart from which it means nothing and can
achieve nothing. Indeed, it is only by an abstraction that we
can separate any living creature from an environment in which
it can live. Life implies persistent action and reaction between
organism and environment,

But while the inherited nature and its possibilities of action




NATURE AND NURTURE 7

and reaction must be regarded as rigorously determined by the
parental and ancestral contributions, the nurture—the en-
vironmental influences—must not be thought of as pre-deter-
mined. In fact, the surrounding influences are very variable,
and the nature of the young organism may be profoundly
changed by them. Thus, we soon find it possible to distinguish
between the main features, which are the normal realisations
of the inheritance in a normal environment, and peculiarities
which are due to peculiarities in nurture. The characters of a
newly-hatched chick stepping out of the imprisoning egg-shell
are in the main strictly hereditary ; but they need not be alto-
gether so, for during the three weeks before hatching there has
been some opportunity for peculiarities in the environment to
leave their mark on the developing creature. Still more is
this the case with the typical mammalian embryo, which develops
often for many months as a sort of internal partner within the
mother—in a complex and variable environment. And as life
goes on, peculiarities due to nurture continue to be superimposed
on the hereditary qualities.

William of Occam’s Razor.—Our preliminary attempt to get
rid of capitals, to make the terms heredity and inheritance quite
objective, is in line with what has occurred in other departments
of science. For one of the distinctive features of the nineteenth
century has been a reduction in the number of supposed separate
powers or entities—the use of William of Occam’s razor, in fact.
“ Entia non sunt multiplicanda precter necessitatem.” ** Caloric ”
was one of the first to be eliminated, yielding to the modern
interpretation of heat ** as a mode of motion " ; * Light " had
to follow, when the undulatory or the electro-magnetic theory
of its nature was accepted ; a specific ““ Vital Force " is disowned
even by the Neo-vitalists ; *“ Force ” itself has become a mere
measure of motion ; and even * Matter " tends to be resolved
into units of negative electricity, carrying with them a bound
portion of the ether in which they are bathed; and so on. In
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view of this progress towards greater precision and simplification
of phraseology, it cannot be a matter for surprise that a biologist
should affirm that to speak of the ‘“ Principle of Heredity "’ in
organisms is like speaking of the “ Principle of Horologity " in
clocks. The sooner we get rid of such verbiage the better for
clear thinking, since heredity is certainly no power, or force,
or principle, but a convenient term for the relation of organic
or genetic continuity which binds generation to generation.
Ancestors, grandparents, parents are real enough; children
and children’s children are also very real ; heredity is a term
for the relation of genetic continuity which binds.them together.
We study it as a relation of resemblances and differences which
can be measured or weighed, or in some way computed; as a
relation which is sustained by a more or less visible material basis
—namely, the germinal matter

§ 3. Heredity and Inheritance in Relation to other Biological
Concepts

Development.—All living creatures arise from parents more
or less like themselves. The reproduction may be asexual,—by
fission, fragmentation. budding, and similar processes; or
sexual,—by special germ-cells or gametes, which usually unite
in pairs (fertilisation or amphimixis) to start a new individual
body. Whatever the mode of reproduction may be—and that is
a long story by itself—there is a hereditary relation, a genetic
continuity. It is the business of the theory of heredity to inquire
into the precise nature of this genetic relation in the diverse
modes of reproduction. In what relation, for instance, does a
liberated germ-cell or gamete stand to the body which liberates
it ? In what relation does a fertilised ovum stand to the germ-
cells of the body into which it develops ? What contribution
does each parent make to the inheritance ? Do ancestors also
make contributions, and if so, how ? To answer this kind of
question 1s the business of the theory of heredity.
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The separated fragment or the liberated germ-cell has in it
the possibility of becoming, in an appropriate environment, a
fully-developed organism. Is it possible to form any conception
—verifiable or speculative—of the manner in which the in-
heritance is thus condensed into a fragment or into a germ-cell ?
Is it possible to picture in any way how the potentialities come
to be realised in development; how the obviously complex
grows out of the apparently simple ? To answer these and
similar questions is the business of the theory of development.

The facts of snheritance are those which rise into prominence
when we compare the characters of an organism with those of
its parents and its offspring, or when we compare the characters
of one generation with those of its predecessors and successors.
This is a thoroughly concrete study, for the facts observed are
quite independent of any theory of the precise organic relation
which binds generation to generation (the theory of heredity),
and are also quite independent of any theory as to the way in
which the germ grows into the adult (the theory of development).
It is, in the main, an experimental and statistical study.

Before the middle of the nineteenth century considerable
attention was given to what may be called the demonstration
of the general fact of inheritance—that like tends to beget like.
This had, indeed, always been the general opinion of physicians
and naturalists, as well as of the laity, but it was a useful task
to collect documentary evidence showing that all the inborn
characteristics of an organism, whether physical or psychical,
normal or abnormal, important or trivial, were lransmissible
to the offspring, if the possibility of having offspring had not
been excluded. This task of demonstrating inheritance was
well finished by Prosper Lucas, whose large treatise, published
in 1847, gave ample evidence for what we now take for granted,—
that the present is the child of the past; that our start in life is
no haphazard affair, but is rigorously determined by our paren-
tage and ancestry ; that all kinds of inborn characteristics may
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be transmitted from generation to generatiom. In short, the
fundamental importance of inheritance was long ago demon-
strated up to the hilt.

It remains, however, (1) to make the evidence of transmissibility
more precise and systematic; (2) to inquire into the trans-
missibility of subtle characters such as longevity and fecundity ;
(3) to discover the different degrees of transmissibility, for some
characters are much more heritable than others; and (4) to
classify different modes of hereditary resemblance—e.g. blending
of the characters of the two parents, taking after the father in
one feature and after the mother in another, apparently resem-
bling one parent only, rehabilitating a grandsire's features,
harking back to a remoter ancestor, and so on. What happens
when there is close in-breeding or pairing within a narrow radius
of relationship ? What happens when two hybrids are paired ?
In what sense, if any, is a disease heritable ? These and many
similar questions will be discussed in our inquiry into fthe facts
of inheritance.

Variation —Whenever we begin to compare the characters
of an organism with those of its parents, we discover that the
familiar saying, *“ Like begets like,” must be modified into, *“ Like
tends to beget like.”” On the one hand, the child is like its
parents, “ a chip of the old block,” a literal reproduction ; on
the other hand, the child is something original, a new pattern,
a fresh start—leading the race. We do not gather grapes of
thorns, or figs of thistles ; yet two brothers may be very unlike
one another or either of their parents, and even the peas in one
pod may be different. On the one hand, there is a tendency
towards continuity, towards persistence of characters, towards
complete hereditary resemblance—in short, a kind of organic
mertia in a family or stock or species. On the other hand, there
is a tendency towards variation, towards new departures, to-
wards incomplete hereditary resemblance, or much more than
that. It is necessary to hold the balance between these two
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sets of facts, both expressions of the hereditary relation,—
inertia, persistence, continuity, resemblances, on the one hand ;
deviation, novelty, differences, on the other.

Can we hope to discriminate an apparent difference between
parent and offspring, which is really due to an incompleteness
in the expression of the inheritance, from a real difference, which
is due to the dropping out of an old hereditary item or the
addition of a new one? Can we distinguish between inborn
peculiarities—germinal variations—and acquired, nurtural pecu-
liarities ? Can we distinguish between variations which seem
to be simply a little less or a little more of some hereditary
character, and wvariations which involve something new ?
These and similar questions must be faced in fthe study of
variation.

Modifications.—Furthermore, whenever the study of the facts
of Inheritance becomes critical, it is necessary to try to dis-
criminate between inborn changes, which must have a germinal
origin, and are therefore in the strict sense imherited, and are
liable to be transmitted, and those theoretically quite different
changes which are acquired by the body of the individual off-
spring as the result of peculiarities in function and environment,
This is the contrast between germinal variations and bodily
modifications, a contrast which is of fundamental importance
in several ways. It is important to try to distinguish resem-
blances and differences due to inherited nature from resemblances
and differences due to nurture. A collier may have his collier
father’s red hair, and he may also resemble him in having “ col-
lier’s lung.” DBut while the first resemblance 1s a fact of in-
heritance, the second is due to the similarity in their life-con-
ditions. This distinction remains important whatever conclusion
be reached in regard to the transmissibility of modifications,
but its importance is enhanced when we discover that practically
all variations (except sterility) are transmissible, though not
always transmitted, and that the evidence of any modification
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being transmissible, among multicellular organisms reproducing
sexually, is extremely doubtful.

Evolution.—Briefly and concretely stated, the general doc-
trine of organic evolution suggests, as we all know, that the
plants and animals now around us are the results of natural
processes of growth and change working throughout unthinkably
long ages ; that the forms we see are the lineal descendants of
ancestors on the whole somewhat simpler ; that these are de-
scended from yet simpler forms, and so on, backwards, till we
lose our clue in the unknown, but doubtless momentous, vital
events of pre-Cambrian ages, or, in other words, in the thick
mist of life’s beginnings. The essentially simple idea is that
the present is the child of the past, and the parent of the future.
It is a way of looking at organic history, a genetic description,
a modal formulation. A process of Becoming leads to a new
phase of Being; the study of evolution is a study of Werden
und Vergehen und Weiler-werden.

But we have to pass from a modal interpretation to a causal
one. We have to try to discover the factors in the age-long
process, and this leads us into a region where at present uncer-
tainties abound. As biologists we start with the postulate of
simple living organisms—feeding, working, growing, wasting,
reproducing in an appropriate environment. And we try to
discover the possible factors in the long evolution-process, the
outcome of which is the present-day world of life. Amid all
the uncertainties, this is certain, that the fundamental condition
of evolution is that genetic relation which we call heredity,—a
relation such that it admits, on the one hand, of a continuity
of hereditary resemblance from generation to generation; and,
on the other hand, of an organic changefulness which we call
variability. Without the hereditary relation there could have
been no succession of generations at all. Without hereditary
resemblance on the one hand, and hereditary variation on the
other, there could have been no evolution. Any discussion of
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the secondary or directive factors which operate upon the raw
materials of progress which wvariability supplies—notably
Selection and Isolation—is not relevant at present.

§ 4. A Question of Words

In every discussion with a serious purpose it is important that
there should be clearness as to the terms used. We must,
therefore, ask the reader to notice our definition of the chief
terms. Thus by * heredity "’ we do not mean the general fact
of observation that like tends to beget like, nor a power making
for continuity or persistence of characters—to be opposed to the
power of varying—nor anything but the organic or genetic relation
between successive generations ; and by * inheritance ”’ we mean
““ organic inheritance "—all that the organism is or has to start
with in virtue of its hereditary velation to parents and ancestors.
We do not forget that for man in particular there is an external
heritage—a social inheritance—which counts for much. By
innate or inborn we mean all that is potentially implied in the
fertilised egg-cell; by the expression of the inheritance we
mean the realisation of inborn potentialities in the course of
development in an appropriate environment ; by a congenital
character (pace many medical writers) we mean one demonstrable
at birth, which is not necessarily germinal, being often due to
peculiarities—e.g. infection or poisoning or mechanical injury
during pre-natal development. Thus, tubercle may be con-
genital, but it is never inherited. By modifications or acquired
- characters we mean structural changes in the body induced
by changes in the environment or in the function, and such that
they transcend the limit of organic elasticity, and therefore
persist after the inducing conditions have ceased to operate.
By a variation we mean not any observed difference between
offspring and parent, between an individual and the mean of
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the stock in respect of a given character; we mean observed
differences minus all bodily modifications, we mean changes
which have a germinal origin.

These definitions will become clearer in the course of our
exposition. Our present point is to warn the reader against
starting on his journey without reading the conditions on the
ticket, and to protest against the slackness with which the terms
are so often used. A large part of the energy expended on the
long-drawn-out controversy as to the transmission of acquired
characters or modifications has been wasted through inattention
to the precise significance of the technical terms employed.*

To speak of a man “ fighting against his heredity ” may
express a real fact, but it is verbally erroneous. The American’s
question, “‘Is my grandfather’s environment my heredity ? ”
is an offence against ordinary English as well as against scientific
phrasing ; it should probably read, ‘ Have the structural
changes induced by environmental influences on my grand-
father's body had any effect on my inheritance ?”” Nor can
we pardon from an expert such a sentence as this, * I look upon
Heredity as an acquired character, the same as form or colour,
or sensation is, and not as an original endowment of matter "
(Bailey, 1896, p. 23). When the moralist writes: “ The only
limitations imposed on a man are those which his own nature
makes,” the biologist asks, * But what is his own nature? Is

* It may be noted that Galton’s work on Natural Inheritance is rightly
so entitled, for it deals mainly with a statistical comparison of the char-
acters of successive generations. Inheritance is also the chief subject of
the works of Lucas and Ribot, although these have heredity for their
title. Or, to take another example, Weismann's work entitled The Germ-
Plasm, a Theory of Heredily, is in great part a theory of heredity, but,
naturally enough, it is also in great part a theory of development. The
German language has the same word, Vererbung, for both Heredity and
Inheritance. As the English language is rich in related terms, laxity
of expression is less excusable. Besides “ heredity " and * inheritance ”
we have “‘ heritage,” ‘ transmission,”” and so on. But to speak of the
parent as transmitting is apt to suggest an erroneous idea.
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it not the expression of a predetermined inheritance in a more
or less predetermined environment ?

Definitions of * Heredity.”—It may be of interest to give a
few samples of definitions :

" The word ‘ Heritage ’ has a more limited meaning than * Nature,’
or the sum of inborn qualities. Heritage is confined to that which
i5 inherited, while Nature also includes those individual variations
that are due to other causes than heredity, and which act before
birth.”—Francis Galton, Nafural Inheritance, 1898, p. 293.

“ Heredity is the law which accounts for the change of type
between parent and ofispring, ¢.e. the progression from the racial
towards the parental type.”—Karl Pearson, The Grammar of
Science, 1900, P. 474.

““Under heredity we understand the transference to the offspring
of qualities of the parent or parents.”—T. H. Montgomery, ]Jr.,
Proc. American Phil. Soc. xliii. 1904, p. 5. [But the line of descent
is from germ-cell to germ-cell. The parent is the custodian or
trustee of the germ-cells rather than their producer. It is too
metaphorical to speak of the ¢ parent transferring qualities to the
offspring.” The hereditary relation includes the occurrence of
variations as well as the reproduction of likenesses. And what
are the offspring apart from their inheritance ?]

“* Heredity ’ is most usually defined by biologists as referring
generally to all phenomena covered by the aphorism °like begets
like.” In this sense it denotes, #nfer alia, the phenomenon of the
constancy of specific or racial types and of sexual characters; a
character may be said to be ¢nherited when i1t always, in one genera-
tion after another, is one of the characters of the species, of the
race, or of the one sex of the race, as distinct from the other. The
species, race, or sex, so to speak, ‘ begets its like ’ as a whole. DBut
then a further question remains; even if the type of the race is
constant, do #ndividual types within the race beget their like ?
In so far as any individual diverges in character from the mean of
the race, do his offspring tend to diverge in the same direction, or
not ? It is to this question that statisticians have confined them-
selves, and they speak of a character being ®inherited’ or not
according as the answer to the question is yes or no—they deal
solely with what we may term °‘individual heredity.””—G. Udney
Yule, 1902, p. 196. [Biologists are as much concerned with individual
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heredity as statisticians are, indeed more so; statistical results are
based on individual data, but they do not admit of individual
application. ]

“ Living matter has the special property of adding to its bulk
by taking up the chemical elements which it requires and building
up the food so taken as additional living matter. It further has the
power of separating from itself minute particles or germs which
feed and grow independently and thus multiply their kind. It is
a fundamental character of this process of reproduction that the
detached or pullulated germ inherits or carries with it from its
parents the peculiarities of form and structure of its parent. This
is the property known as Heredity. It is most essentially modified
by another property—mnamely, that though eventually growing to
be closely like the parent, the germ (especially when it is formed,
as is usual, by the fusion of two germs from two separate parents)
is never identical in all respects with the parent. It shows Variation.
In virtue of Heredity, the new congenital variations shown by a
new generation are transmitted to their offspring when in due time
they pullulate or produce germs.”—E. Ray Lankester, Kingdom
of Man, 1907, p. 10.

‘““ By inheritance we mean those methods and processes by which
the constitution and characteristics of an animal or plant are handed
on to its offspring, this transmission of characters being, of course,
associated with the fact that the offspring is developed by the
processes of growth out of a small fragment detached from the
parent organism.”—R. H. Lock, Recent Progress in the Study of
Vartation, Heredity, and Evolution, 1906, p. 1.

““ Heredity,—The transference of similar characters from one
generation of organisms to another, a process effected by means of
the germ-cells or gametes.”—Lock, op. cit. p. 292.

§ 5. The Problems Illustrated

Even in ancient times men pondered over the resemblances
and differences between children and their parents, and wondered
as to the nature of the bond which links generation to generation.
But although the problems are old, the precise study of them 15
altogether modern. The foundations of embryology had to be
Jaid, the nature and origin of the physical basis of inheritance
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—the germ-cells—had to be elucidated, the general idea of evolu-
tion had to be realised, before the problems of heredity and
inheritance could even be stated with precision. Moreover,
it seems to have required the experience of many years of
“ fumbling " before the main body of biologists became con-
vinced that the problems could not be satisfactorily studied
in the armchair, nor settled by a prior: argument. Now, however,
it is unanimously agreed that a satisfactory study of heredity
and inheritance demands a minute inquiry into the history of the
germ-cells, a statistical study of the characters of successive
generations, a careful criticism of the older data and of popular
impressions, and a testing of hypotheses by experimental
breeding. Let us give a few random illustrations in order
to show what some of the problems are :

The race-horse Eclipse was the sire of many foals: it 1s a
problem in heredity to compare them with him, and to inquire
into the vital arrangements, in virtuf; of which many of them
reproduced his remarkable quality of swiftness. He had also
a peculiar, quite useless spot of colour, which reappeared even
in the sixth generation of his progeny.

In the ancestry of Kaiser Wilhelm II. there have been four
grandparents, eight great-grandparents, fourteen (not 16) great-
great-grandparents, twenty-four (not 32) great-great-great-grand-
parents : it is a problem in heredity to compare the qualities of
these successive generations of ancestors, and to inquire if they
render more intelligible the doings and sayings of the personality
in question,

The assassin of the Empress of Austria is said to have been
the child of a dissolute mother and a dipsomaniac father: it
is a problem in heredity to inquire whether this parentage
may render more intelligible an outrage which made Europe
shudder.

A white man of considerable intellectual ability marries a
negro woman of great physical beauty and strength ; the result

2
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may be—has been—a mulatto who inherits some of his father’s
intellectual virtue and some of his mother’s physical strength,
including, for instance, a peculiar insusceptibility to yellow
fever. Here are complex problems of inheritance. How is
it that certain characteristics of the son are almost wholly
of paternal origin, while in other respects he takes after his
mother ? -

An English sheep-dog may show a paternal eye on one side of
the head, a maternal eye on the other. A piebald foal may
have its mother’s hair on some patches, its father’s hair on
others. Such cases raise the problem of the different modes of
hereditary resemblance, of the mosaic-like constitution of an
inheritance, and of the various ways in which this may find
expression in development.

Given in our British population a thousand fathers six feet
high, we can predict with great accuracy the average height of
their sons. Though we cannot make any prediction as to an
individual family, we know that the average height of all the
sons of these tall men will be nearer the average height of the
total male populaticn than the height of six feet is. We know,
however, that the tall do not always beget the tall, nor the
small the small ; that stature in mankind is a character that
blends ; and that even among the sons of the thousand fathers
we have spoken of, there will be every gradation between the
tallest and the smallest. How different this is from stature in
pure-bred peas, for if a tall variety of pea be crossed with a
dwarf, all the offspring are tall, and among their offspring
in turn three-fourths are tall and one-fourth dwarf, but none
between the two.

White fowls crossed with black ones often have whife off-
spring ; black guinea-pigs crossed with white ones have black
offspring ; black-eyed white guinea-pigs crossed with albinos
have black offspring. It seems at first sight arbitrary, but a
rational interpretation of each of these results has been given.
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A pair of blue Andalusian fowls of selected breed have chickens,
But only about half of these are ““ blue,” the rest are blacks or
splashed whites. Why is this ? The blacks inbred produce
only blacks, the splashed whites produce splashed whites or
whites, but if the blacks and splashed whites are paired the
progeny is altogether “ blue.”” Why is this ?

We read of a mare which, after bearing a foal to a quagga,
bore a zebra-striped foal to a horse. Breeders of dogs say that
a thoroughbred bitch is spoilt for true breeding if she has once
been crossed by a mongrel. Is it possible that a father can
influence the subsequent offspring of the same mother by a
different father ? This is a problem partly in scientific criticism
of evidence, but it raises interesting questions regarding the
physiology of reproduction and regarding the hereditary relation.

In the sixteenth century Montaigne was puzzled by the fact
- that, at the age of forty-five, he developed, just like his father,
a stone in the bladder. The puzzle of the supposed legacy had
its fine point in the fact that his father did not develop his stone
till he was sixty-seven years of age, or twenty-five years after
Montaigne was born! It is possible that there was here an
interesting problem in inheritance ; but the likelihood is that it
merely illustrated the commonest of phenomena, the inheritance
of a constitutional tendency and the repetition of more or less
similar habits of life.

Far too much has been made of homochronous heredity |—
i.e. of the fact that some item in the inheritance may be ex-
pressed in the offspring at the same age as in the parents. Thus
two brothers, their father, and their maternal grandfather be-
came deaf at the age of forty; blindness occurred in a father
and in his four children at the age of twenty-one. But if the
constitutions are similar and if the conditions of life are similar,
it is not surprising that the expression of an item in the con-
stitution should reach its climax at the same age.

A case is recorded of abnormalities in the fingers traceable

£
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through six generations, and the pathologist Bouchut (cited by
Ziegler) refers the origin of the evil to the rage of an ancestor,
who terrified his wife during her pregnancy with the wish that
the fingers with which she had plucked an apple against his
orders might be cut off! Apart from the story’s quaint sugges-
tion of a much older episode, it requires but an elementary know-
ledge of the facts of heredity and inheritance to convince us that
the alleged cause was inadequate to account for the effects.

In two hundred families tainted with a predisposition to
hemophilia—an excessive and chronic liability to immoderate
haemorrhage—Grandidier ¥ found six hundred and nine male
‘““ bleeders.” It is a problem of inheritance (and partly perhaps
of sexual physiology) to discover why the disease should be
restricted to males ; and the interest of the problem is enhanced
by the fact that the disease rarely passes from father to son, but
usually from a male parent, through an apparently unaffected
daughter, to a grandson. In short, the female offspring of
bleeders hand on the taint to male offspring, without themselves
showing the disease.?

De Candolle { reported from American statistics that thirty
per cent. of the children of congenitally deaf-mute parents were
deaf-mute, but that the percentage was fifteen when only one
parent was congenitally deaf-mute. It is a problem of heredity
to interpret the greater frequency of inheritance when both
parents were affected.

While there is much and justifiable uncertainty in regard to
the origin of what are called instincts, there is no doubt that an
organism’s inheritance often includes the power of carrying out
a complex series of operations without experience and without
education when the appropriate stimuli occur.

* Grandidier, Die Hemophilie (1876).
+ Bulloch and Fildes, Hemophilia. Trcasury of Inheritance, Pt. xiva.

(1g911).

1 De Candolle, Arch. Sci. Fhys. Nai. xv. p. 25, cited by Ziegler (1886).
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Simple illustrations are afforded by instinctive likes and dis-
likes, attractions and repulsions. " So old is the feund between
the cat and the dog,” says Spalding, ** that the kitten knows its
enemy before it is able to see him, and when its fear can in no
way serve it. One day, after fondling my dog, I put my hand
into a basket containing four blind kittens three days old. The
smell that my hand carried with it set them pulffing and spitting
in a most comical fashion.”

Experiments with young birds hatched from artificially in-
cubated eggs and kept away from all contact with their kind
show conclusively that certain capacities are truly part of the
inheritance, and require no experience or suggestion, while
others not more complex require to be learnt. Thus the power
of uttering the characteristic call-note is inborn, but chicks
require to learn what is good for eating and what is deleterious.
Thus the power of executing the proper swimming and diving
movements is inherited, but chicks do not instinctively know that
water is drinkable. It is one of the problems of inheritance to
distinguish between inborn capacities and those which require
education.

An even more difficult problem, which Prof. Pearson has
successfully tackled by an ingenious indirect method, relates
to the inheritance of man’s mental and moral qualities. Though
very plastic, there is no doubt that they are inherited in rudi-
ment, just like physical characters. Just as the Romans dis-
tinguished physically the long-nosed Nasones, the thick-lipped
Labeones, the swollen-cheeked Buccones, and the big-headed
Capitones, so, as Voltaire points out, * the Appii were ever proud
and inflexible, and the Catos always austere.”

The literature of inheritance is crowded with examples of the
transmissibility of what we cannot but call trivial peculiarities,
though the probability is that they are often the correlates of
what is important. A few illustrations may be selected :

“ A gentleman had a peculiar formation of the right eyebrow.
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It was strongly arched, and some of the hairs in the centre grew
upwards. Three of his sons have the same peculiarity ; one of
his grandsons has it also; so has his great-granddaughter, and,
if we are to believe the artists, this gentleman’s grandfather
and great-grandfather had the same peculiarity ” (R. W.
Felkin).

“ There was a family in France, of whom the leading repre-
sentative could when a youth pitch several books from his head
by the movement of the scalp alone. His father, uncle, grand-
father, and his three children possessed the same power to the
same unusual degree. This family became divided eight genera-
tions ago into two branches, so that the head of the above-
named branch was cousin in the seventh degree to the head of
the other branch. This distant cousin Tesided in another part
of France, and on being asked whether he possessed the same
faculty, immediately exhibited his power.”

A woman with blonde hair, a birth-mark under the left eye,
and a lisp, married a man with dark hair and normal utterance.
There were nineteen children, none of whom showed any of the
mother’s characters. Nor among the numerous grandchildren
was there any trace. In the third generation, however, there
was a girl with blonde hair, a mark below the left eye, and a lisp.

Girou tells of a man who had the peculiar habit of always
sleeping on his back with his right leg crossed over his left. His
daughter showed the same habit almost from infancy, and per-
sisted in it in spite of efforts made to make her sleep in an ortho-
dox position. Darwin gives an even better case where a very
peculiar gesture reappeared; and there seems no doubt that
trivial peculiarities, e.g. playing with a lock of hair and idio-
syncrasies of handwriting, may reappear even in cases where
imitation was out of the question (Biichner, 188z, p. 42).

And thus the list may be followed till we end with evidence
of the inheritance of minutiz often of a most trivial character.
Thus : ““ Schook relates the case of a family nearly all the mem-
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bers of which could not endure the smell of cheese, and some of
them were thrown into convulsions by it” (R. W. Felkin).
Here again we are forced back to the general thesis that the
germinal organisation is a coherent individualised unity, which
may find similar expression in the most detailed peculiarities
of the body.

§ 6. Denials of Inheritance

The resemblance between offspring and their parents, both
in general and in particular, as to abnormal as well as normal
characteristics, cannot be denied as a fact, but it has often been
denied as the result of transmission. Although the denials,
which have wvaried greatly in degree and motive, are for the
most part due to misunderstanding, they may deserve brief
consideration, since even to-day we sometimes hear cultured
men declaring that “ they do not believe in heredity."”

The extreme position may be represented by Wollaston, a
scientific philosopher of the end of the eighteenth century, who
sought to conserve the integrity and sanctity of the human spirit
by altogether denying transmission. Each new life was to his
mind a fresh start, unrelated in any real sense to parents or
ancestors.

The speculative naturalist Bonnet and many others admitted
the inheritance of generic and specific characters, but denied
that of individual characteristics.

Buckle is the .most illustrious example of those who, while
admitting the inheritance of bodily characters, firmly deny
that the same is true in regard to the mind. Buckle maintained
that the ordinary method of demonstrating the inheritance of
talents by collecting examples of similar mental peculiarities
in father and son is in the highest degree illogical ; it neglects,
for instance, the frequency of coincidence, and yet more the
results of similar upbringing and environment.
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A consideration of these denials, which have ceased to appeal
to many, may be of use as affording opportunity fur emphasising
two facts.

1. Reappearance of a character from generation to generation
does not of itself prove the inheritance of that character, if it
be originally interpretable as the result of nurture (influences
of activity and surroundings operative on the body), and #f
there be from generation to generation a persistence of the
conditions which were originally instrumental in evoking the
character. It is plain that the reappearance may be the result
of similar effects hammered on each successive generation.

Alpine plants brought to a lowland garden have been known
to become much changed, and their descendants likewise. DBut
there is good reason to believe, as we shall afterwards see, that
the novel conditions directly impressed their effects on each
successive crop.

What impressed Buckle was the power of the environment
in the widest sense ; it holds the organism in its grip, and hammers
it into shape. This no one will gainsay, but we know that
similar nurture has different results on different natures; the
duckling is not known to be less a duckling because hatched
and brought up by a hen. Moreover, we know of the reappear-
ance from generation to generation of many characteristics
which cannot be interpreted as due to nurture—which often
emerge, indeed, in the very teeth of nurture.

At the same time, it is of great importance to bear in mind that
an organism cannot be separated from its environment except at
the risk of some fallacy. We may say that along with the organic
heritage contained in the germ-cells every organism has what
may be called an external heritage of appropriate environmental
influences, which supply the stimuli for normal development.

Appropriate food is part of the normal environment, and the
supply of oxygen and water may be grouped in the same set ; other
factors, like the osmotic pressure or the presence of calcium salts in
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the water, are conditions of embryonic coherence ; others, like light
and heat, serve to accelerate or to inhibit, It seems, also, that par-
ticular combinations of factors are required as the * liberating
stimuli "' of particular characters in the developing organism. De-
velopment is the expression of the inheritance, and the fullness of the
expression depends on there being a normal environment. What is
called a hereditary defect may be simply a defect in expression due
to inadequate environment.

How fundamental the germinalnature is may be realised if we think
of Heape's experiment of transferring the fertilised ovum of a long-
haired white angora rabbit into another variety of rabbit—a short-
coated gray Belgian hare. The young were not less long-haired or
less white because of the transplantation of the ova. Similarly
Castle and Phillips removed the ovaries from a white albino guinea-
pig, inserted those of a young black individual, and had the grafted
animal mated with a male albino. Normal albinos mated together
always have albino young, but the animal experimented on had to the
albinomale three litters (six young) all black. The foster-body did
not count.

2. Beneath the misunderstanding which has led some to deny
the facts of inheritance there 1s, as we have seen, a reasonable
though exaggerated recognition of the potency of similar function
and environment in producing resemblance ; and there is, per-
haps, the recognition of another fact—that of variation. For
several reasons—for instance, because the new life usually springs
from a fertilised ovum which combines maternal and paternal
contributions—the child is never quite like its parents. In other
words, we suppose that the germinal material from which a
child develops is nof guite the same as that from which the parents
developed, or not quite the same as that from which its brothers
and sisters developed, and the result is variation in the true
sense. [Each offspring has its individuality and is a new creation.
Even within a family no two are alike, especially to the care-
ful parent’s eye, though the impartial onlooker may be struck
by the monotony. On the one hand, “ Alle Gestalten sind
d@hnlich” ; on the other, * Keine gleichet der andern.”



CHAPTER 11
THE PHYSICAL BASIS OF INHERITANCE

 Gebt mit Materie, und ich will daraus eine Welt schaffen.” —KANT.

*We may regard the nucleus of the cell as the principal organ of
inheritance " (a prophecy proved true).—HAEcCKEL, Generelle Morpho-
logie, 1866, vol. i. p. 288.

““ The cell 1s not only the seat of vital activity, but is also the vehicle
of hereditary transmission; and the life of successive generations of
living beings shows no breach of continuity, but forms a continuous vital

stream in which, as Virchow said, rules an ‘ eternal law of continuity.’ "*—
WiLson, 1900, p. 76.
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§ 1. What is true in the Greal Majority of Cases

The Inheritance is usually carried by the Germ-cells.—
What was for so long quite hidden from inquiring minds, or but
dimly discerned by a few, is now one of the most marvellous of
biological commonplaces—that the individual life of the great
majority of plants and animals begins in the union of two minute
elements—the sperm-cell and the egg-cell. These microscopic
individualities unite to form a new individuality, a potential
offspring, which will by-and-by develop into a creature like to,

and yet different from its parents. If we mecan by inheritance
26
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to include all that the living creature is or has to start with in
virtue of its genetic relation to its parents and ancestors, then
it is plain that the physical basis of inheritance is in the fertilised
ovum. The fertilised egg-cell #s the inheritance, and at the
same time the potential inheritor. What might be compared to
an inheritance of property as apart from the organism itself is
the store of food which may be inside the egg, or round about it.

To the general fact stated in the preceding paragraph, a few
exceptions must be made—e.g. for bananas which have no longer
any seeds, for potatoes which are multiplied by cutting, for the
drone-bees and summer green-flics who have mothers but no
fathers, and for simple unicellular organisms in which there is
no sexual reproduction ; but the exceptions are trivial compared
with the vast majority of living creatures, in regard to which
it is certain that each life begins in a fertilised egg-cell.

An organic inheritance means so much, even when we use the
comfortable word potentiality, that, although we are quite sure
that the germ-cells constitute the physical basis of inheritance,
we may consider for a moment the difficulty which rises in the
minds of many when they are told that the egg-cell is often
microscopic, and the sperm-cell often only j55sth of the
ovum’s size. Can there be room, so to speak, in these minute
elements for the complexity of organisation supposed to be
requisite ? And the difficulty will be increased if the current
opinion be accepted that only the nuclei within these minute
germ-cells are the true bearers of the hereditary qualities.
Darwin spoke of the pinhead-like brain of the ant as the most
marvellous little piece of matter in the world, but must we not
rank as a greater marvel the microscopic germ-cells which
contained potentially all the inherited qualities of that ant ?

From one microscopic egg of a sca-urchin cut into three,
Delage reared three larvae. In another case he reared an embryo
from ;.th of an egg. Twin animals are often developed from
one egg. Wilson obtained quadruplets by shaking apart the
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four-cell stage in the development of the lancelet. Marchal
describes a *‘ legion of embryos ”’ developing from a single ovum
of a peculiar Hymenopterous insect Encyrtus. In development,
indeed, a half may be as good as a whole.

In reference to the difficulty raised in some minds by the
minuteness of the physical basis, it may be recalled that the
students of physics, who make theories regarding the sizes of
the atoms and molecules which they have invented, tell us that
the image of an ocean liner filled with framework as intricate
as that of the daintiest watches does not exaggerate the possi-
bilities of molecular complexity in a spermatozoon, whose actual
size is usually very much less than the smallest dot on the
watch’s face. Secondly, as we learn from embryology that one
step conditions the next, and that one structure grows out of
another, there is no need to think of the microscopic germ-cells
as stocked with more than #nitiafives. Thirdly, we must re-
member that every development implies an interaction between
the growing organism and a complex environment without which
the inheritance would remain unexpressed, and that the full-
grown organism includes much that was not inherited at all, but
has been acquired as the result of nurture or external influence.

The fact is that size does not count for much in these matters,
and the difficulty that some beginners feel in believing that the
inheritance of the whale is packed into a pinhead-like egg is
mainly due to ignorance of what may be called the fine com-
plexity, or from another point of view the * coarse-grainedness,”
which must form part of our conception of every speck of matter.
Nowhere more than in biology are we made to feel that “ a
little may go a long way.”

It should be noted that the degree of visible complexity, even
in the microscopic nucleus of a germ-cell, is often very consider-
able. Thus Eisen observed in the nucleus of a species of sala-
mander twelve chromosomes, each of six parts, and in each part
six granules—altogether 432 visible units.
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§ 2. Diverse Modes of Reproduction

In the preceding paragraph we have given prominence to
what is true of the great majority of living creatures,—that a
new life begins as a fertilised egg-cell. It is necessary, however,
to refer to the other ways in which a new organism may arise,
for some of them help us to understand what the hereditary
relation means. The following scheme will probably serve to
recall the familiar facts :

¢ I unicellular

: By budding, a modified form of divisien.
organisms.,

By sporulation, or division into many units.

The reproduction may be wholly asexual: (1) in the sense
that there is nothing corresponding to fertilisation or amphimixis ;
and (2) in the sense that there are no special germ-cells. DBut in
many unicellular organisms there are elaborate processes of am-
phimixis, and in colonial forms, like Fofewox, there is a definite
beginning of egg-cells and sperm-cells. Among the parasitic
Sporozoa or Gregarines in the wide sense there is also a close
approximation to the mode of sexual reproduction seen in most
multicellular organisms. No hard-and-fast line can he drawn.

{ By division into two.

Multiplication |
I. Without special germ-cells—e g. by division
I multicellnlar of the body, by giving off buds (and as the
OFFaANISINS. result of artificial cutting).
II. With special germ-cells :
(a) Eggs from one parent are fertilised by sperms from another
parent—heterogamy, the commonest mode ;
(&) Eggs from one parent are fertilised by sperms from the same
{ hermaphrodite) parent—autogamy, a very rare mode.
(¢) Eggs may develop without fertilisation—parthenogenesis.
' [A multicellular organism may also multiply by spore-
cells—specialised germ-cells, yet hardly equivalent to eggs
\ —which do not require fertilisation.] *

®* If we lay emphasis on the presence or absence of special reproductive elements, the classifi-
cation of the modes of multiplication would read as follows : i
1. Without special repro- | Division, huddgng, €tc., in most unicellulars.
ductive elements. | Division, budding, etc., in some multicellulars.
More or less distinct specialisation of reproductive elements in
II. With special repro-

some unicellulars.
ductive elements.

Specialised ova and spermatorea in most multicellulars.
Formation of spore-cells in some multicellulars.

If we lay emphasis on the occurrence or non-occurrence of amphimixis (= fertilisation) the classi-
fication of the modes of repreduction would read as follows :

Without special reproductive-cells ; (@) division, budding, ete.,
in many unicellulars ; and (&) division, budding, etc., in
some multicelinlars.

With special reproductive-cells : (#) formation of spores in some
multicellulars ; (&) parthenogenetic ova.

{Wilhuut specialised reproductive elements, amphimixis occurs

1. Without any form of
amphimixis.

II. With some form of]  in most unicellulars. FEo )
amphimixis. With specialised reproductive elements, amphimixis occurs in
a few unicelln'ars and in most multicellulars.
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The reasons for lingering over the modes of reproduction—
which it is confessedly difficult to arrange in a perfectly clear
scheme—are (1) that our general view of the hereditary relation
must be one which is applicable to all cases and not merely to
the most frequent, and (2) that some of the simplest cases shed
light upon the more complex. It is also important that we
should make clear that the common phrases, * asexual repro-
duction " and “ sexual reproduction,” are somewhat ambiguous,
since attention has to be directed to two distinct points—
(a) whether there are specialised reproductive elements, and
(b) whether there is any form of amphimixis,

§ 3. The Hereditary Relation in Unicellular Organisms

At what is called * the limit of growth,” when the cell has
attained to as much volume as its surface can adequately supply
with food and oxygen, and so on, a unicellular organism normally
divides into two, obviating the difficulties which would ensue
if volume increased out of proportion to surface. The halves
separate and grow. Two more or less exact replicas of the
original unit result. It has been demonstrated that the division
is often preceded by that intricate and orderly process of nuclear
division, known as karyokinesis, which results in an equal
partition of the nuclear constituents between the two daughter-
cells. As each of the halves is in the strictest sense half of the
organisation of the parent unit, we are not surprised that each
should in appropriate environment grow into an almost exact
image of the original whole. In most cases we have no methods
subtle enough to detect any difference. There is complete here-
ditary resemblance, and it would be puzzling if it were otherwise.
Even when the unit divides into many units (as in spore-forma-
tion), there is no puzzle in the fact that each reproduces the
likeness of the original whole, except the puzzle of growth—of
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life, which is at present insoluble. Analogies may be found in
methods of treating chemical molecules so that one gets at the
end of the operation twice as many molecules as one had to
start with; or in the multiplication of erystals by breaking
them into fragments and placing them in solutions of the same
substance ; but, at the present time, these analogies are of no
particular service, since we do not understand the nature of
living matter. That a fragment of a unicellular’s organisation
may, in an appropriate environment, reproduce an apparently
perfect replica of the original unit, is not in any way explained
by pointing out that there may be reproduction of like by like
in the case of crystals or chemical molecules.

Fic. z.—Diagram of cell division (after Bowveri).
chr. chromosomes, forming an equatorial plate ; ¢s. centrosome.

In slightly more complex cases there is a difference between
the two units into which the unicellular organism divides.
Thus, in the oblique division of the slipper animalcule (Paramce-
cium), the one half goes off with the “ mouth,” the other has
none. In a short time, however, the mouthless half forms a
““mouth,” and each half grows into a replica of the original.
But as the organisation of each half is essentially the same as,
and directly continuouns with the organisation of the original
cell, the development of the halves into similar wholes presents
no special difficulty. Similar organisation and similar surround-
ings yield similar results. That an injured infusorian should
by re-growth repair its loss is an analogous phenomenon. Thus
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we are led to see the force of Haeckel’s definition of reproduction
as discontinuous growth.

But in many unicellular elements, what is liberated to begin
a new life is not a half of the original nor anything like it, but a
minute unit often called a * spore.” It also grows into a com-
plete reproduction of the original. In such cases, we again try
to make the matter more intelligible, by saying that each spore
is a representative fragment of the organisation of the original
unit, and will therefore, in appropriate surroundings, grow and
differentiate as the original did. Exactly the same often occurs
when the unicellular organism is artificially divided into several
parts ; and the results of these microscopic vivisection experi-
ments, to which no one can on any grounds object, show that,
if the excised fragment is to survive and develop, it must have
a portion of the nuclear substance as well as of the general
cell-substance. Without the nuclear constituent it may live
for a time, as in Sfenfor, moving and responding to stimuli,
but it cannot assimilate. Therefore, if we are asked what we
mean by ‘‘ organisation,” we may say, at this stage, a certain
protoplasmic architecture which implies essential relations
between nucleoplasm and cytoplasm. The protoplasmic unit
is like a firm with many partners of different kinds, each kind
having many representatives; and the retention of vitality, the
possibility of regeneration on the part of the fragments, has
this for its essential condition, that the integrity of the firm—in
which lies its secret—is maintained by each fragment having
at least one representative of the different kinds of partners.

The reader who is not familiar with the subject should linger
over the fact that a fragment or a minute spore, separated from
a unicellular organism, may grow into (literally, reproduce) a
unit, which to our senses is exactly like the original. This is
(within the limits of our senses) complete hereditary resemblance,
and we interpret it as due to the fact that the fragment or spore
has to start with the essential organisation of the original. This
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is, without complications; the fundamental fact in regard to
inheritance,

It should also be borne in mind that many of the unicellular
organisms (Protozoa, at the base of the animal series; Proto-
phyta, at the base of the plant series) are highly differentiated—
1.6, with great complexity of structure even within the narrow
limits of size (where a diameter of ;};th of an inch is considered
large)—and that many have very definite and interesting modes

Fic. 3.—Diagram of cell structure, (After Wilson.)

P1. Plastids in cytoplasm or cell-substance ; ¢c. centrosome ; n. nucleolus ; Chr. chromo-
somes ; N. nucleus ; of. general cytoplasm ; V. vacuole ; Gr. granules.

of behaviour, such as swimming in a spiral, seeKing light or
avoiding it, approaching certain substances and retreating from
others, trying one kind of behaviour after another,—functional
peculiarities—some of which cannot be described without using
psychical terms—which are also included in the inheritance.

The case of a fragment of crystal growing into a complete
crystal is interesting enough, but that a fragment or spore of
apparent simplicity should reproduce the obvious complexity
of the unit from which it was separated is relatively more mar-
vellous.
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A note is needed in regard to the misunderstanding which
has led many to cite cases of inheritance in unicellulars as
relevant to the discussion on the transmission of  acquired
characters.” Although we can no longer say that unicellular
organisms are without sexual reproduction, since many exhibit
the liberation of special reproductive units and the occurrence
of amphimixis, we may still say that, apart from transitional
forms (like Volvox, which form colonies or “ bodies’ of one
thousand to ten thousand cells), there is among the unicellulars
only the beginning of the important distinction between somatic
or bodily and germinal or reproductive material which distin-
guishes multicellular organisms. This makes a notable differ-
ence.

§ 4. The Hereditary Relation in the Asexual Multiplication
of Multicellular Organisms

In many of the simpler, but multicellular, plants and animals,
a portion of the parent is separated off to form the beginning of
a new life, The freshwater sponge multiplies in part by minute
gemmules, which float away from the corpse of the parent and
develop into new sponges ; many polypes produce buds whick
may be set adrift, as in the freshwater Hydra, or may remain
attached and help to form the great colonies that we see in
zoophytes and Anthozoa; not a few worms also multiply by
dividing or by budding, and the examples highest in the scale
are found among the Tunicates, which are really vertebrate
animals. Moreover, in some cases where asexual multiplication
does not normally occur, it may still be a possibility, as is shown
by the fact that cut-off portions may, in appropriate conditions,
grow into entire individuals. Thus, two earthworms may
occasionally be produced by cutting one; a sponge which
does not normally liberate buds may be cut into pieces
and bedded out successfully; the arms of the starfish, whica
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the fisherman tears asunder, may give rise to several new in-
dividuals. - From nine excised fragments of a single Planarian
worm, Voigt reared nine individuals (see Weismann, 1904,
vol. ii. p. 25).

Similarly, in regard to plants, many of the simpler multi-
cellular forms produce detachable buds, familiar in the case of
‘the liverworts ; and even in the flowering plants the same may
occur, as In the bulbils of the tiger-lily. As in animals, great
colonies may be formed, consisting of many individuals materially
continuous, well seen in strawberries, whose creeping stems root
here and there and give rise to independent plants. It is also a

F16. 4.—" Comet-form " of Starfish, showing how one arm regenerates
the other four. (After Haeckel.)

familiar fact that cut-off portions of a plant may readily give
rise to entire individuals ; a little piece of moss, a Begonia leaf,
a corner of a potato tuber—and hundreds of instances might be
given—will suffice to start a new plant. In many ways the
whole vegetable kingdom seems comparable to the sedentary
sections of the class Ccelentera among animals (zoophytes,
sea-anemones, corals, etc.), e.g. in the various forms of alternation
of generations which occur, and in the readiness with which
representative fragments will regrow the whole. This capacity
of regenerating the whole from a small piece is the more striking
when there is considerable differentiation of tissues and organs,
as there is in flowering plants and the higher animals. The
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fact being that the leaf of a plant, or a quarter of a zaophjfrte,
or an eighth of a sea-anemone, may grow into an entire organism
with reproductive cells, we must infer that the characteristic
heritable material, usually segregated in the reproductive cells,
is present in the cells of the body in these organisms. ‘
The feature common to the ordinary forms of asexual multi-
plication is, that the reproduction is independent of eggs or -
sperms, or of any process comparable to fertilisation. What
starts the new life, and forms in this case the material basis of

F16. 5.—Asexual reproduction. A sea-worm (Syliis ramosa), in which
budding has produced a branched temporary colony. (After McIntosh.)

inheritance, is a liberated portion of the parent. The heredity-
relation 1s one of obvious material continuity.

As regards inheritance, the feature characteristic of asexual
multiplication is that the resemblance between parent and
offspring tends to be complete. As Sedgwick (189g) expresses
it: “The offspring do not merely present resemblances to the
parent—they are identical with it ; and this fact does not appear
to be astonishing when we consider the real nature of the process.
Asexual reproduction consists in the separation of a portion of
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the parent, which, like the parent, is endowed with the power
of growth. In virtue of this property it will assume, if it does
not already possess it, and if the conditions are approximately
similar, the exact form of the parent. It is a portion of the
parent ; it is endowed with the same property of growth ; the
wonder would be if it assumed any other form than that of the
parent.”

In asexual reproduction the resemblance of the offspring to the
parent tends lo be very complete, and the reason for like producing
like 1s no puzzle, when the separated off-portion is a representative
sample of the whole organism.

§ 5. Nature and Origin of the Germ-cells

Re-statement of the Central Problem of Heredity.—The
central problem of inheritance is to measure the resemblances and
differences in the hereditary characters of successive generations,
and to arrive, if possible, at formula which will sum up the facts,
such as Galton’s Law of Ancestral Inheritance and Mendel’s
Law. The central problem of heredily is to form some con-
ception of what is essential in the relation of genetic continuity,
which binds generation to generation. Weismann’s theory
of the continuity of the germ-plasm is, in the first instance,
a theory of heredity, and as important as Galton’s law of
inheritance.

We know that almost every multicellular plant or animal has
the beginning of its individual life in the union of two germ-cells
(ovum and spermatozoon), and what must be found if the prob-
lem of heredity is to be illumined at all is some reason why
the germ-cells should have this power of developing, and of
developing into organisms which are on the whole like the
parents. In what respects are the germ-cells peculiar, and
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different from the ordinary cells of the body ? Let us, then,
concentrate our attention for a little on the nature and origin of
the germ-cells.

It is inexpedient to lay on the shoulders of the student of
heredity the burden of problems which are not in any special
sense his business. It is no doubt interesting to ask how an
organisation, supposed to be very complex, may be imagined to
find physical basis in a microscopic germ-cell, but the same sort
of question may be raised in regard to a ganglion-cell. It is not
distinctively a problem of heredity. It is interesting to inquire
into the orderly and correlated succession of processes by which
the fertilised egg-cell gives rise to an embryo, but this is the
unsolved problem of physiological embryology. It raises
questions distinct from those of heredity and inheritance, and
apparently much less soluble.

We shall return in the historical chapter to the various theories
of heredity which have been suggested ; in the meantime, we
require to refer to them only in cutline.

The Typical Ovum.—The germ-cell produced by the maternal
parent is usually a relatively large sphere of living matter (cyto-
plasm), and various not-living included substances, such as
nutritive yolk, pigment, oil-globules, and so forth. In the
cytoplasm there lies a central kernel surrounded by a delicate
membrane, the nucleus—a microcosm in itself. It contains
a network or coil or some arrangement of delicate (linin) threads,
carrying minute masses of a readily stainable material, the
chromatin. Under high magnification the chromatin is seen to
be built up of small corpuscles, sometimes like beads on a string,
the microsomes. In certain phases of activity the chromatin
forms a definite number of separate masses. They are then
called chromosomes or idants, and the same number is usually
present in all the cells of the body of any particular species.
In the nuclear sap which fills the nucleus there is often a
rounded body or vesicle—the nucleolus; or there may be




Fi1G. Ga.—Diagram of ovum, showing
diffuse volk-granules. gov. germinal
vesicle or nucleus ; ¢hr. chromosomes,

Fra. 6b.—Diagram of body-cell, show-

ing the nucleus with coil of chromatin
filaments and the surrounding cyto-

plasm. (After Carnoy.)
[(Facing p. 38,
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several nucleoli. As they are very variable and often tran.
sient, the nucleoli are not regarded as very important. Often
they seem to be aggregations of reserve material or of waste-
products.

The Typical Spermatozoon.—The germ-cell produced by the

Fic. 7.—Volvox globator, an Infusorian forming a colony of cells,
showing the ordinary cells (¢) that make up the colony or incipient
“body " ; a and b, the special reproductive cells, both male and
female—the beginning of the distinction between germ-cells and
somatic cells.

male parent, the spermatozoon, is very different from the ovum
in appearance and structure, and is also very much smaller.
When the egg is swollen with yolk, which does not count as living
material, the spermatozoon may be less than a millionth of its
volume. Most of the cytoplasm of the spermatozoon forms a
locomotor flagellum or tail, often of intricate structure, which
drives the “ head” or nucleus before it, always working against
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a current if there is one. Tt is obviously a specialised adaptation
which helps the spermatozoon to find the ovum, and it may be
absent in cases where no journey or search is required. The
so-called head of the spermatozoon contains the stainable
material or chromatin, and in many cases it has been shown that
the ripe spermatozoon has the same number of chromosomes as
the ripe ovum. At the junction of the * head ” and the * tail
there is a short ““ middle piece ” or “ meck,” in which there is
often seen a minute * centrosome.”

There is in animals in most cases a great superficial contrast
between the two kinds of germ-cells when fully mature. The
typical ovum is relatively large, often laden with yolk, usually
passive, and surrounded by some sort of membrane. The
typical spermatozoon is relatively wvery minute, with no
reserve material, and adapted to active locomotion. It is
significant, however, that both contain the same number of
chromosomes.

0ld fittempts to interpret the Uniqueness of the Germ-
cells.—In the preformationist theories, which held sway in the
seventeenth and eighteenth centuries—theories which asserted
the pre-existence of the organism and all its parts, in miniature,
within the germ—there was a kernel of truth well concealed
within a thick husk of error. For we may still say, as the
preformationists did, that the future organism is implicit in the
germ, and that the germ contains not only the rudiment of the
adult organism, but the potentiality of successive generations
as well. But what baffled the earlier investigators was the
question, How the germ-cell comes to have this ready-made
organisation, this marvellous potentiality. Discovering no
natural way of accounting for this, the majority fell back upon
a hypothesis of hyperphysical agencies—that is to say, they
abandoned the scientific method, and drew cheques upon
that bank where credit is unlimited as long as credulity
endures.
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An attempt to solve the difficulty which confronted the
preformationists—the difficulty of accounting for the complex
organisation presumed to exist in the germ-cell—is expressed
in a theory which seems to have occurred at intervals in the long
period between Democritus and Darwin, the ifieﬂry of pangenesis.
On this theory the cells of the body are supposed to give off
characteristic and representative gemmules; these are supposed
to find their way to the reproductive elements, which thus come
to contain, as it were, concentrated samples of the different
components of the body, and are therefore able to develop into

Fic. 8.—Forms of spermatozoa, enormously magnified, not drawn to
scale.

T and 2, Immature and mature spermatozoa of snail ; 3, of bird; 4, of man—A. head, m,
middle portion, ¢, tail; s, of salamander, with vibratile fringe (f); 6. of Ascaris, slightly
ameeboid, with cap (¢) ; 7, of crayfish.

an offspring like the parent. The theory is avowedly unverifiable
in direct sense-experience, but the same may be said of many
other hypotheses, and is not in itself a serious objection. It is
more to the point to notice that it involves many hypotheses,
some of them difficult to accept even provisionally. Galton long
ago tried, by experiments on the transfusion of blood, to test one
of these hypotheses, and found no confirmatien. But it is
still more to the point to notice that there is another theory of
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heredity which is, on the whole, simpler—which seems, on the
whole, to fit the facts better, for instance the fact that our
experience does not warrant the conclusion that the modifica-
tions or acquired characters of the body of the parent affect
in any specific and representative way the inheritance of the
offspring.

The Idea of Germinal Continuity.—As is well known, the view
which many, if not most, biologists now take of the uniqueness
of the germ-cells is rather different from that of pangenesis. It
is expressed in the phrase ‘‘ germinal continuity,” and has been
independently suggested by several biologists, though Weismann
has the credit of working it out into a theory. Let us state its
purport. There is a sense, as Galton says, in which the child is
as old as the parent, for when the parent’s body is developing
from the fertilised ovum, a residue of unaltered germinal material
is kept apart to form the future reproductive cells, one of which
may become the starting-point of a child. In many cases,
scattered through the animal kingdom, from worms to fishes, the
beginning of the lineage of germ-cells is demonstrable in very
early stages before the differentiation of the body-cells has more
than begun. In the development of the threadworm of the horse,
according to Boveri, the very first cleavage divides the fertilised
ovum into two cells, one of which is the ancestor of all the body-
cells, and the other the ancestor of all the germ-cells. In other
cases, particularly among plants, the segregation of germ-cells
is not demonstrable until a relatively late stage. Weismann,
generalising from cases where it seems to be visibly demonstrable,
maintains that in all cases the germinal material which starts
an offspring owes its virtue to being materially continuous with
the germinal material from which the parent or parents arose.
But it is not on a continuous lineage of recognisable germ-cells
that Weismann insists, for this is often unrecognisable, but on
the continuity of the germ-plasm—that is, of a specific substance
of definite chemical and molecular structure which is the bearer




THE IDEA OF GERMINAL CONTINUITY 43

of the hereditary qualities. In development a part of the germ-
plasm, ““ contained in the parent egg-cell, is not used up in the
construction of the body of the offspring, but is reserved un-
changed for the formation of the germ-cells of the following
generation.”” Thus the parent is rather the trustee of the
germ-plasm than the producer of the child. In a new
sense, the child is “ a chip of the old block.” As Sir Michael
Foster put it, ™ The animal body is in reality a vehicle for
ova; and after the life of the parent has become potentially

TG}“- : e G5

Fic. g.—Diagram illustrating idea of germinal continuity.
(After E. B. Wilson.)

', fertilised ovum dividing into lincage of body-cells (B) and lineage of germ-cells —the
baze line; B, B”, the bodies of two successive generations; G', G°, G', G*, G’, the chain
of zerm-cells.

renewed in the offspring, the body remains as a cast-off
envelope whose future is but to die.” To use another
metaphor, the germ-plasm is the lighted torch handed on
from one runner to another. “ Et quasi cursores vitai lampada
tradunt.” .

Early segregation of the germ-cells is in many cases an ob-
servable fact—and doubtless the list of such cases will be added
to; but the conception of a germ-plasm is hypothetical, just as
the conception of a specific living stuff or protoplasm is hypo-
thetical. In the complex microcosm of the cell we cannot point
to any one stuff and say, “This is protoplasm " ; it may well be
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that wital activity depends upon several complex stuffs which,
like the members of a carefully constituted firm, are character-
istically powerful only in their inter-relations. In the same
way, it must be clearly understood that we cannot demonstrate
the germ-plasm, even if we may assume that it has its physical
basis in the stainable nuclear bodies or chromosomes. The
theory has to be judged, like all conceptual formule, by its
adequacy in fitting facts.

Let us suppose that the fertilised ovum has certain qualities,
a,b,c...x 9, 2z; it divides and re-divides, and a body is built
up; the cells of this body exhibit division of labour and dif-
ferentiation, losing their likeness to the ovum and to the first
results of its cleavage. In some of the body-cells the qualities
a, b, find predominant expression, in others the qualities ¥, z,
and so on. But if, meanwhile, there be certain germ-cells
which do not differentiate, which retain the qualities a, b, ¢ . ..
%, v, 2z, unaltered, which keep up, as one may say figuratively,
“ the protoplasmic tradition,” these will be in a position by-and-
bye to develop into an organism like that which bears them.
Similar material to start with, similar conditions in which to
develop—therefore, like tends to beget like.

May we think for a moment of a baker who has a very precious
kind of leaven ; he uses much of this in baking a large loaf;
but he so arranges matters by a clever contrivance that part of
the original leaven is always carried on unaltered, carefully
preserved for the next baking. Nature is the baker, the loaf
is a body, the leaven is the germ-plasm, and each baking is a
generation. .
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§ 6. Maturation of the Germ-cells

We have seen that the germ-cells owe their capacity of develop-
ment to the fact that they are the unspecialised descendants of
the parental fertilised ovum—the custodians of the characteristic
germ-plasm. In some cases the lineage of germ-cells is from
the first distinct and apart from the lineage of body-forming
cells, and we argue from these clear cases of germinal con-
tinuity to the more numerous and less obvious cases where the
germ-cells are not recognisable as such until later stages
in development.

There is no need for our present purpose to follow the genera-
tions of the germ-cells within the body, or to trace the stages
of growth and differentiation between primitive germ-cells
and the fully formed ripe ova and spermatozoa. It is
necessary, however, to allude to the process of maturation,
which has a direct bearing on the problems of heredity and
inheritance.

Maturation.—1. It is an elementary fact of histology that
the nucleus of each cell in the body of an organism contains a
number of readily stainable bodies or chromosomes. In many
cases it has been possible to count these, and it has been found
that (with a few explicable exceptions) the number is consfant
for each species.

As Prof. E. B. Wilson says (1900, p. 67) : “ The remarkable
fact has now been established with high probability that every
spectes of plant or animal has a fixed and characteristic number
of chromosomes, which regularly recurs in the division of all of
is cells, and tn all forms arising by sexual reproduction the
number is even.* Thus, in some of the sharks the number is 36 ;
in certain Gasteropods it is 32 ; in the mouse, the salamander,
the trout, the lily, 24 ; in the worm Sagi#la, 18 ; in the ox, guinea-

* In a few insects the females have in their body-cells one chromo-
some 1n addition to the number possessed by the males,
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pig, and in man the number is said to be 48, and the same
number is found in some snails, In the grasshopper it is 12;
in the hepatic Pallavicinia and in some of the nematodes, 8 ; and
in Ascaris, another thread-worm, 4 or 2, In the crustacean
Artemia it 1s 168. Under certain circumstances, it is true, the
number of chromosomes may be less than the normal in a given
species ; but these wvariations are only apparent exceptions
[p. 87, Wilson]. The even number of chromosomes is a most
interesting fact, which, as will appear hereafter [p. 205, Wilson],
is due to the derivation of one-half the number from each of the
parents.”

2. About 1883, Van Beneden made the important discovery
that the nuclei of the ovum and of the spermatozoon which
unite in fertilisation contain each one-half of the number of
chromosomes characteristic of the body-cells. This has been
confirmed in regard to so many plants and animals that it may
now be regarded as a general fact. The student should refer
to the partial list given by Wilson (1goo, pp. 206-7), where
it will be seen that if the somatic nuclei have 12, 16, 18, or 24
chromosomes, the germ-nuclei have 6, 8, g, or 12 respectively.
A striking case is found in the large thread-worm (Ascaris megalo-
cephala) of the horse, which occurs in two wvarieties,—the one,
var. univalens, with two chromosomes in its body-cells has one
chromosome in its germ-nuclei; the other, var. bivalens, with
four chromosomes in its body-cells, has two chromosomes in its
germ-nuclei.

3. If each of the nuclei which unite in {ertilisation has only
half as many chromosomes as are characteristic of the species,
it follows that a reduction of the number must take place in the
history of the germ-cells, and this is the outstanding fact in
the process of maturation. Alike in the history of the egg
¢eazenesis) and in the history of the sperm (spermatogenesis),
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there is a parallel reduction in the number of chromosomes to
one-half.
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Fic. 10.—Parallelism of cogenesis (A) and spermatogenesis (after Boveri),

P.G.C. in both series (A and B), one of the primitive germ cells.

Following the cogenesis (A), there is first of all a period of multiplication (M), included
within the first bracket.

The primitive germ-cell gives rise to cogonda (0G).

These cogonia give rise to ococyies (0C).

Then follows a period of growth (), included within the second bracket.

Then follows the process of ripening or maturation (R), included within the third bracket.

Od, the immature ovum, with the normal number of chromosomes, 1

F.B*, the first polar body, n=ually separated off by a meiotic or reducing division which
leszens the number of chromozomes to one half the normal.

Ob, the ovum after giving off the first polar body, with half the normal number of chromo-
somes,

P.E*, the second polar body, formed by an ordinary equation division.

¢, the ripe ovam,

P.B', the first polar body has divided into two by an equation division,

Following the spermatogenesis (B), there are successive periods (or zones in the testis)
of multiplication (M), growth (G), and reduction (R). 5

The primitive germ-cell gives rise o spermatogonia (5G).

These spermatogonia give rize to spermatocvies (5C).

Immature spermatocytes of the first order (Sa) have the normal number of chromosomes,
In many cases by a reduction or meiotic division they give rige to spermatocytes of the
second order (Sb), with half the normal number of chromosomes.

These give rise by an equation division to spermatozoa (Sc).

“The one fact of maturation that stands out with perfect
clearness and certainty amid all the controversies surrounding it
is a reduction of the number of chromosomes in the ultimale gexs-
cells to one-half the number characleristic of the somatic celes, 7¢
is equally clear that this reduction is a preparation of the germ-
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cells for their subsequent union and a means by which the
number of chromosomes is held constant in the species. 'With
a few exceptions the first indication of the numerical reduction
appears through the segmentation of the spireme-thread, or the
resolution of the nuclear reticulum, into a number of masses
one-half that of the somatic chromosomes. In nearly all higher
animals this process first takes place two cell-generations before
the formation of the definitive germ-cells, and the process of
reduction is completed by two rapidly succeeding ‘ maturation-
divisions,’ giving rise to four cells, all of which become functional
in the male, while in the female only one becomes the egg, and
the other three—the polar bodies or their analogues—are cast
aside. During these two divisions each of the original chromatin
masses gives rise to four chromosomes, of which each of the
four daughter-cells receives one; hence, each of the latter
receives one-half the somatic number of chromosomes. In the
higher plants, however, the two maturation-divisions are fol-
lowed by a number of others, in which the reduced number of
chromosomes persists, a process most strikingly shown in the
pteridophytes, where a separate sexual generation (prothallium)
thus arises, all the cells of which show the reduced number”
(Wilson, 1goo, p. 285).

The asexual spore-bearing fern-plant has in its cells twice as many
chromosomes (2 #n) as the sexual prothallus has (n). The spores
produced by the fern-plant have n chromosomes ; they develop into
a prothallus with % chromosomes ; the prothallus produces sex-cells
with # chromosomes ; these undergo no reduction and by their
union they restore the number 2 %, which characterises the resulting
embryo and the subsequent fern-plant.

As Boverihas said: ““ Thus at some stage or other in the gene-
ration-series of the germ-cell there occurs a reduction of the
number of chromosomes originally present to one-half, and this
numerical reduction is therefore to be regarded, not as a mere theo-
retical postulate, but as a fact ” (Zellen-Studien, iii. 18go, p. 62).
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AMPHIMIXIS 49

§ 7. Amphimixis and the Dual Nature of Inheritance in
Sexual Reproduction

Apart from exceptional cases, the inheritance of a multi-
cellular animal or plant is dual—part of it comes from the mother
and part of it from the father; in other words, the material
basis of inheritance is a fertilised egg-cell. The new individuality
has its origin in the fusion of two potential individuals, for as
such the ovum and spermatozoon must be regarded. The
exceptions referred to are cases of asexual multiplication by buds
or otherwise, as in the freshwater Hydra; cases of partheno-
genesis, as in the case of the unfertilised eggs which develop

F16. 12.—Fertilised ovum of Ascaris. (After Boveri.)

chr. chromosomes, two from ovum-nucleus and two from sperm-nucleus ; es. centrosome,
from which “ archoplasmic " threads radiate, parily to the chromosomes.

into green flies (Aphides) in the summer ; and cases like liver-
flukes, where an animal is both mother and father to its offspring.
Apart from these exceptions the inheritance does at the start
consist of maternal and paternal contributions in intimate and
orderly union.

When a spermatozoon, outstripping its fellows (for there are
usually very large numbers), reaches an ovum and bores its way
into it, the cytoplasmic flagellum is left behind, having performed
its function, and the sperm-nucleus and the ovum-nucleus move
towards one another. By a rapid change in the periphery of
the ovum, the enveloping membrane becomes firmer, and the
ovum becomes non-receptive to other spermatozoa. When

4
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several effect entrance at once, abnormalities usually result.
In the mature ovum there is no centrosome ; if it was originally
present, it disappears. The spermatozoon, however, intro-
duces, along with its nucleus, its centrosome, and this divides
into two. The two centrosomes appear to take an active part
in the approximation and intimate apposition of the maternal
and paternal chromosomes, and in their subsequent partition
between the first two daughter-cells.

Prof. E. B. Wilson states the general opinion of experts some-
what as follows. As the ovum is much the larger, it is believed
to furnish the initial capital—including, it may be, a legacy of
food-yolk—for the early development of the embryo. From
both parents alike comes the inherited organisation which has
its seat (according to most biologists) in the readily stainable
(chromatin) rods of the nuclei. From the father comes a little
body (the centrosome) which organises the machinery of division
by which the egg splits up, and distributes the dual inheritance
equally between the daughter-cells.

Let us now proceed to expound four important theorems.

1. In Ordinary Sexual Reproduction the Inheritance is
very precisely Dual or Biparental.—Recent discoveries have
shown that the paternal and maternal contributions which come
together in fertilisation are, for several divisions at least, exactly
divided among the daughter-cells, thus confirming a prophecy
which Huxley made in 1878 : “ It is conceivable, and indeed
probable, that every part of the adult contains molecules derived
both from the male and from the female parent; and that,
regarded as a mass of molecules, the entire organism may be
compared to a web of which the warp is derived from the female
and the woof from the male.” * What has since been gained,”
Prof. Wilson says, *is the knowledge that this web is to be
sought in the chromatic substance of the nuclei, and that the
centrosome 1is the weaver at the loom.” |

Atter the paternal and maternal chromosomes have united,









Fic. 13.—Diagram of maturation and fertilisation and first stages of
cleavage. (From Prof. I1. E. Ziegler, with his kind permission.) The
colours have been added.

I.—The immature ovum, with four double chromosomes, longitudinally cleft ; ¢, centro-
some ; ¢, chromosomes ; #l, nucleclus.

z.—First maturation division; the nuzclear spindle has at its equator four groups of
tetrads, three of which are visible,

3 and 4.—Formation of the first polar body (P.B.). In fig. 4 a spermatozoon (sp) is
entering. The paternal chromatin is shown throughout in red, the maternal in blue, the
centrosome which is brought in by the spermatozoon is shown in yellow. The ovum-centro-
some disappears.

5.—The formation of the second polar hody and the division of the first (x P.B.). The
head of the spermatozoon has formed the male pronuclens (sf#). The ecentrosome introduced
by the spermatozoon is surrounded by a clear area and rays.

6.—The second polar body (z P.B.) has been s=t adrift. The first has divided into two.
The three polar bodies and the now mature ovum have in their nuclei half the normal number
of chromosomes. Thus four are seen in the female pronuclens (f.pn). The centrosome has
divided into two.

7.—The male and female pronuclei (s and f.pn) have become like one another, and are
near together. The centrosomes (¢) have become the centres of two large systems of rays.

8.—The two pronuclel are in contact and are coalescing,

9.—The nuelel have lost their membrane, and the first segmentation-spindle or cleavage-
spindle has been formed, a centrosome lyving at each pole.  The spindie has the normal number
of chromosomes, but each has divided, so that eight pairs are present.

to.—The egg-cell is dividing. The chromosomes are separated into two groups, each
group with eight chromosomes. The centrosome at each pole has divided into two.

11.—The divizion or cleavage is complete. The rays have disappeared. The chromosomes
are represented by minute vesicles or karyomeres.

12.—The new nuclei have been constituted by union of the vesicles, The centrosomes lie
closely apposed, but will occupy the poles of the spindle at the next division.

Faeing p. 51,
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but never fused, to form one nucleus—the segmentation-nucleus
—the cleavage or segmentation of the fertilised ovum begins.

There 1s a centrosome, derived from the sperm-centrosome,
at each pole of the nucleus, and a system of fine rays radiates
from each, some of these rays entering into close association with
the chromosomes.

Each chromosome is halved longitudinally, as a piece of stick
might be split up the middle, and after a very complex routine .
the halves of each split chromosome migrate, either actively or
passively, to opposite poles. Thus, near each centrosome there
comes to be a group of chromosomes, half of each group being
of paternal origin and half of maternal origin. Each group in
an orderly fashion rounds itself off into a unified nucleus, the body
of the cell (the cytoplasm) constricts across the equatorial plane,
and two cells are formed.

The gist and import of the whole process is the precisely equal '
partition of the maternal and paternal contributions, so that
each of the daughter-cells has a nucleus half maternal and half
paternal. For many successive divisions (e.g. in Cyclops) the
duality has been demonstrated,* so that we may fairly say that
the maternal and paternal contributions form the warp and
woof of the growing organism.

2. Inheritance, though Dual, is strictly Multiple.—
Although the whole inheritance which constitutes an offspring
usually comes from two parents, and may therefore be called
dual, it is obvious that the heritable material of each parent
was also dual, being derived from the grandparents, and so on
backwards ; so that inheritance is strictly not merely dual, but
in an even deeper sense multiple. Amphimixis or fertilisation
implies the subtle mingling of.two minute organisations so that
they become physiologically one, but each of them was already

+ According to Haecker's careful observations on the water-flea Cyclops,
the paternal and maternal contributions, i.e. chromosomes, are traceable
s distinct individualised items throughout the whole of development.
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the complex product of ancestral lineage. We shall return to
the subject when we come to consider Galton’s Law of Ancestral
Inheritance.

Though a comparison with the inheritance of property is apt
to mislead, it may be of use to think for a moment of a youth
inheriting an estate, of which one might accurately say that it
had belonged in half to his father and in half te his mother.
Yet a genealogist with a full knowledge of the family might be
able to go further back, and might show, with even greater
accuracy, how this corner was due to a grandmother and that
to a great-grandfather.

This conception is so fundamentally important that I cannot
refrain from quoting an illustration from Mr. Galton’s Natural
Inheritance, which puts the matter very clearly. ‘ Many of the
modern buildings in Italy are historically known to have been
built out of the pillaged structures of older days. Here we may
observe a column or a lintel serving the same purpose for a
second time, and perhaps bearing an inscription that testifies
to its origin ; while as to the other stones, though the mason may
have chipped them here and there and altered their shape a little,
few if any came direct from the quarry. . . . . This simile gives
a rude though true idea of the exact meaning of Particulate
Inheritance—namely, that each piece of the new structure is
derived from a corresponding piece of some older one, as a lintel
was derived from a lintel, a column from a column, a piece of
wall from a piece of wall. . . . We appear to be severally built
up out of a host of minute particles of whose nature we know
nothing, any one of which may be derived from any one
progenitor, but which are usually transmitted in aggregates, con-
siderable groups being derived from the same progenitor. It
would seem that while the embryo is developing itself, the
particles more or less qualified for each post wait, as it were, in
competition to obtain it. Also that the particle that succeeds
must owe 1ts success partly to accident of position and partly to
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being better qualified than any equally well-placed competitor
to gain a lodgment. Thus the step-by-step development of the
embryo cannot fail to be influenced by an incalculable number
of small and mostly unknown circumstances.” (Natural Inherit-
ance, p. 9.)

3. Duality of Inheritance may be real, though it is not ex-
pressed.—It must be carefully observed that the demonstration
of the dual nature of inheritance afforded by the facts of amphi-
mixis does not necessarily imply that the dual nature of the
inheritance will be patent in the full-grown offspring. The
offspring is often like both its parents, often particularly like
one, often not very like either. The parent of children, the
breeder of animals, or the cultivator of plants, has often occasion
to remark in the offspring what looks like an entire absence of
the characteristics of one of the parents. The foal may seem
to take entirely after the sire, as if the maternal inheritance
counted for nothing. It is likely that this so-called * exclusive ™
or ‘“unilateral” inheritance is often fnore apparent than real,
our observation being arrested and preoccupied by a few out-
standing features. The certain fact that the resemblance,
apparently absent, often reappears in the next generation,
shows that the incompleteness was not in these cases in the
inheritance, but simply in its expression. We shall return to
this subject in connection with the different modes of inheritance.

4. Each Germ-cell has a Complete Equipment of Heredi-
tary Qualities.—It is usually assumed that each of the two
sex-cells which unite in fertilisation has in it the potentiality of
an organism: with a full equipment of the essential characters of
the species ; but since the spermatozoon always dies unless it
enters the ovum, it is difficult to give experimental proof of the
assumption. Some recent daring experiments, which demand
confirmation, are very suggestive in this connection.

Prof. Yves Delage (1898) divided the minute egg of the sea-
urchin under the micrgscope into two parts, one containing the
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nucleus and its companion-body the centrosome, the other
being necessarily simply half of the living matter of the egg
without any nucleus. Beside them he placed an intact ovum, and
then let the spermatozoa in. All the three objects showed equal
““ sexual attraction’ in respect to the spermatozoa; all three
were fertilised ; all three segmented, the intact ovum most
rapidly, the nucleated fragment more slowly, the non-nucleated
fragment more slowly still. In one case the development
proceeded for three days ; the intect ovum had become a typical
gastrula (two-layered embryo), the nucleated fragment a smaller
gastrula, and the non-nucleated fragment also a gastrula but
with a very much reduced cavity. All the cells of these embryos
showed nuclei. Thus the experimenter was led to the conclusion
that fertilisation and some measure of development may occur in
a fragment of ovum without nucleus or cenfrosome. The nucleus
of the spermatozoon must have been in this case sufficient in
itself, though it will be noticed that in the experiment cited the
fragment did not develop far. Delage makes the important
suggestion that in fertilisation two things must be distinguished :
(a) the stimulus given to the ovum by some specially energetic
substance brought in by the spermatozoon, perhaps in its centro-
some ; and (b) the mingling of heritable characteristics, Weis-
mann’s ‘‘ amphimixis.”

In subsequent experiments Prof. Delage (1899) reached even
more extraordinary results. Non-nucleated fragments of the
ovum of Echinus (sea-urchin), Denfalium (elephant’s-tooth shell),
and Lanice conchilega (a seashore worm), were effectively fer-
tilised and gave rise to the characteristic larval forms—pluteus,
veliger, and trochophore respectively. Three larve were
reared from one ovum of a sea-urchin; a normal blastula
embryo (a hollow ball of cells) was reared from J.th of a
sea-urchin ovum ; a non-nucleated fragment of a sea-urchin
ovum, after fertilisation by a spermatozoon with nine chromo-
somes (nuclear rods), gave rise to a larva whose cells had the
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normal number of eighteen chromosomes : such are some of the
extraordinary results reached by this clever experimenter. It
seems, then, as if fertilisation may, in many cases, be effective
without there being any ovum-nucleus present, as if the
essential fact were the union of a sperm with a mass of egg-
cytoplasm.

Delage’s experiments cited above seem to prove that the
nucleus and centrosome of the ovum are not essential to ferti-
lisation. Professor Loeb (1899), of Chicago, has made experi-
ments which seem to show that the spermatozoon may be
dispensed with. In other words, he has been able to induce
parthenogenetic development artificially in cases where it does
not normally occur. He has been led to believe that the only
reason why the eggs of many marine animals do not develop
parthenogenetically is that something in the constitution of
the sea-water prevents it. This something is the presence or
absence of ions of sodium, calcium, potassium, and magnesium,
the two former requiring to be reduced, the two latter to be
increased. ‘‘ The mixture of about 50 per cent. 3fn MgCl;
(magnesium chloride) with about 50 per cent. of sea-water was
able to bring about the same effect as the entrance of a sperma-
tozoon. The unfertilised eggs [of the sea-urchin Arbacia] were
left in such a solution for about two hours. When brought back
into normal sea-water they began to segment and form blastulz,
gastrulz, and plutei, which were normal in every respect. The
only difference was that fewer eggs developed, and that their
development was slower than in the case of the normal develop-
ment of fertilised eggs. With each experiment a series of control
experiments was made to guard against the possible presence
of spermatozoa in the sea-water. . . . From these experiments
it follows that the unfertilised egg of the sea-urchin confains all
the essential elements for the production of a perfect pluteus. The
only reason that prevents the sea-urchin from developing par-
thenogenetically under normal conditions is the constitution of



6 ITHE PHYSICAL BASIS OF INFERITANCE

the sea-water. The latter either lacks the presence of a sufficient
amount of the ions that are necessary for the mechanics of cell
division (Mg, K, HO, or others), or it contains too large a quantity
of ions that are unfavourable to this process (Ca, Na, or others),
or both. All the spermatozoon needs to carry into the egg for
the process of fertilisation are ions to supplement the lack of
the one or counteract the effects of the other class of ions in the
sea-water, or both. The spermatozoon may, however, carry
in addition a number of enzymes or other material. The ions
and not the nucleins in the spermatozoon are essential to the
process of fertilisation.”

These remarkable experiments are confirmatory of the general
assumption that spermatozoon and ovum are completely
equipped potential organisms. Further confirmation may be
found in cases of partial parthenogenesis—e.g. the development
of drone-bees from unfertilised eggs; from the close similarity
in the history of ovum and spermatozoon respectively; from
the exactly equal way in which the paternal and maternal nuclear
contributions are distributed to each cell, during the early stages
of cleavage at least.

Or take the simple experiment of crossing a black guinea-pig
with a typical albino. All the offspring are black, although only
one of the parents—it does not matter which—has the quality of
blackness. It is evident that the germ-cells of either parent are
able to carry a complete equipment of blackness.

When we consider the ovum and spermatozoon as two fully
equipped potential individualities which unite to form the
beginning of a new individuality, we see more clearly how, on
the one hand, there is a double likelihood of the essential specific
characters being sustained, and how, on the other hand, there
is every likelihood that the intermingling will lead indirectly, if
not directly, to something new.
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§ 8. Imheritance in Cases of Parthenogenesis

It would be interesting to know with precision what the facts
of inheritance are in cases where development proceeds from
an unfertilised ovum, particularly in those cases where the
parthenogenesis continues uninterruptedly for many generations.
On general grounds, from the absence of fertilisation, one would
expect to find few new departures or progressive variations ;
but rather, on the other hand, hints of degeneracy. The ob-
served facts are still very few.

Experiments which Prof. Weismann (1893, p. 344) made on
a small crustacean (Cypris reptans) showed a very high degree
of uniformity between parent and offspring, with occasional
exceptions, which he regarded as exhibiting reversions to an
ancestral form many generations removed.

Dr. Warren’s (1899) measurements of successive partheno-
genetic generations of Daphmia magna also gave evidence of
slight variability (i.e. of incompleteness of hereditary resem-
blance). They seemed to favour the view that * inheritance
in parthenogenetic generations resembles that from mid-grand-
parent to grandchildren.”

§ 9. Wherein the Physical Basis precisely consists

The fertilised egg-cell divides into many cells ; these arrange
themselves in various ways; they grow and multiply ; they
exhibit division of labour and the structural side of this—which
we call differentiation ; they form tissues and organs; they
become integrated into a body ; they reproduce the likeness of
the parental type with variations. Meanwhile, some of the
cells remain apdrt from body-making or differentiation, and
form the beginnings of the reproductive organs, whence their
descendants—the mature germ-cells—are by-and-bye liberated
to start another generation. That this next generation is also
after the parentai type is due to the continuous lineage of cells
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containing unspecialised germinal material. In similar con-
ditions similar material produces similar results,

But, if this has become clear, we have now to inquire into
the precise nature of the physical basis which conserves the
heritable qualities. Is it the germ-cell as a whole that is
essential, or is the cytoplasm most important, or is it the
nucleus only ?

Importance of the Chromosomes of the Geym-nuclei.—Many observa-
tions go to show that the nucleus of a cell plays an important part
in nutritive and constructive processes, and it is certain that a cell
artificially bereft of its nucleus will soon die if left to itself. The
nuclear material (karyoplasm or nucleoplasm) is an essential part of
the vital organisation. The wview has gained ground that the
chromatin bodies or chromosomes are the chief, if not the exclusive,
vehicles of the hereditary qualities.

Let us consider some of the arguments in support of this
view,

1. Argument from cell-division.—Roux, Hertwig, Kdolliker, Stras-
burger, and many others, have emphasised the fact that, in the
ordinary (mitotic) form of cell-division, the chromatin or readily
stainable material of the nucleus is divided * with the most scrupu-
lous equality "’ to form the basis of the nuclei of the daughter-cells,
while the cytoplasm or general cell-substance *° undergoes on the
whole a mass-division—a most remarkable contrast.” As Prof.
Wilson says (1900, p. 351): ** This holds true with such wonderful
constancy throughout the series of living forms, from the iowest to
the highest, that it must have a deep significance. And while we
are not yet in a position to grasp its full meaning, this contrast
[between nuclear and cytoplasmic behaviour in division] poinis
unmistakably to the conclusion that the most essential material
handed on by the mother-cell to its progeny is the chromatin, and
that this substance, therefore, has a special significance in in-
heritance.”

2. Arvgument from maturation.—In the changes which lead up to
the ripe egg and the fully-formed spermatozcon, there is, as we have
seen, an claborate preparation whereby the germ-nuclei which unite
in fertilisation are rendered precisely equal as regards the number of
their chromosomes. On the other hand, the cytoplasm of the
relatively large, passive, often food-laden and ensheathed ripe ovum




BEARERS OF THE HEREDITARY QUALITIES 59

is typically as different as possible from that of the very minute,
actively mobile, usually short-lived spermatozoon. The constancy
and frequent complexity of the reduction-processes which secure
the equivalence of chromosomes suggest that these bodies are of
paramount impertance in inheritance.

3. Argument from fertilisation.—In typical cases of fertilisation in
ammals, and in many plants as well, a spermatozoon enters an
ovum, sometimes a hundred thousand times larger than itself. As
it enters it may leave behind it the locomotor * tail,”” which has

/

F16. 14.—The chromatin elements of the nuclei in coil (), double star (&),
and almost divided stages (¢). (After Pfitzner.)

" discharged its function, thus further reducing its infinitely small
stock of cytoplasmic material. The * head " of the spermatozoon,
which is mostly nucleus, and the little *“ middle piece " which carries
the centrosome, are apparently the important parts, and it is the
ovum which furnishes the cytoplasmic basis of further operations.
The very gist of fertilisation, so far as we can see i, is the intimate
and orderly combination of the paternal and maternal chromosomes
to form one nucleus—the segmentation-nucleus. Moreover, the
maternal and paternal contributions are, as we have noted, distributed
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with scrupulous equality, certainly to the first two cells c:-f the
embryo, and probably to all later-formed cells.

“ The latter conclusion, which long remained a mere surmise, has
been rendered nearly a certainty by the remarkable observations
of Riickert, Zoja, and Haecker. We must, therefore, accept the
high probability of the conclusion that the specific character of the
cell is in the last analysis determined by that of the nucleus—that
is, by the chromatin ; and that in the equal distribution of paternal
and maternal chromatin to all the cells of the offspring, we find the
physiological explanation of the fact that every part of the latter
may show the characteristics of either or both parents ' (Wilson,
1900, P. 352).

4. Argument from Boveri's ingenious experiment.—Taking a hint
from the experiments of the brothers Hertwig, who showed that
non-nucleated fragments of unfertilised sea-urchin ova (broken by
shaking) might be successfully fertilised and might segment, Boveri
(1889, 1895) showed that such {fertilised fragments developed
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v
A

FiG. 15.—Diagram of the process of fertilisation in Ascaris. (After Boveri.)

a, female pronucleus ; b, polar bodies ; ¢, sperm pronucleus ; 4, sperm-cap ; ac, chromosonies
of united female and male pronuclei (& and ¢) ; e, centrosomes; fine (archoplasmic) threads
radiating from the centrosomes. I-V show umion of paternal and maternal chromosomes :
VI shows equatorial plate of segmentation nucleus; VII-X show the division into {he two
first cleavage-cells or blastomeres,
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into dwarf, but normal, larve. In these, as T. H. Morgan (1895)
afterwards showed, the nuclei contain only half the normal
number of chromosomes, having had only a sperm-nucleus to
start with.

Interesting as this was, Boveri’s further experiment was yet more
striking. He fertilised the enucleated egg-fragments of one species
of sea-urchin (Spherechinus granularis) with spermatozoa of another
species (Echinus microtuberculatus), and obtained in a few cases dwarf
larvae (plutei), which showed, except as regards size, the paternal
characters only. Therefore he concluded that the nucleus is the
exclusive bearer of the hereditary qualities, for it seemed from the
experiment that the enucleated maternal cytoplasm had remained
without specific influence.

It is admitted by Boveri himself that further experiments are
necessary, and it must be granted also, as has been pointed out by
Seeliger, Morgan, and Driesch, that in cases of hybridism, as in
Boveri’s experiment, there may be a marked illustration of what
is called unilateral or preponderant inheritance. Most hybrid
Echinoderm larvae show maternal characters only, some show
paternal characters only, some show both. There is also much
individual wvariability. Thus Boveri's famous experiment affords
no secure basis for argument.

5. Additional Arguments.—Further evidence of the importance of
the chromosomes may be found in the fact that the number through-
out any given organism is usually the same, except in the reduced
gametes which have half the normal number.

Furthermore, in the history of the gametes the chromosomes are
distributed in a way that corresponds to the distribution of here-
ditary characters in Mendelian inheritance.

Finally, one of the steps of modern advance is the proof (De Vries,
Gates, T. H. Morgan, and others) that definite structural changes
in the body of an organism are correlated with definite changes in
the chromosomes of the fertilised egg-cell.

Another argument may be found in the fact that in some cases
the sex of the offspring seems to depend on whether the egg is
fertilised by a spermatozoon with an extra " accessory chromosome "
or by a spermatozoon without this,

Generally accepted Conclusion.—The general conclusion from the
foregoing and other arguments may be illustrated by two or three
quotations from recognised authorities. Prof. O. Hertwig says:
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* The female nuclear material transmits the characters of the mother,
the male nucleus those of the father, to the offspring.”” Prof. Stras-
burger says for higher plants : ** The process of fertilisation depends
upon the union of the sperm-nucleus with the nucleus of the egg-cell ;
the cell-substance (cytoplasm) does not share in the process; the
cell-substance of the pollen-grain is only the vehicle to conduct the
generative nucleus to its destination.” Prof. Weismann says: “ We
can hardly ascribe to the body of the ovum a higher import than that
of being the common nutritive basis for the two conjugating nuclei.”

Criticism.—1. ** The life of a complex multicellular organism cer-
tainly depends upon the inter-relations and inter-actions of many
parts ; the life of a cell apparently depends upon the inter-relations

Fic. 16—A pollen grain. a, the two nuclei, with their chromosomes;
b, the general protoplasm ; ¢, the outer wall. (From Carnoy.)

and inter-actions of different parts of the cellular organisation,
especially on the give-and-take between nucleoplasm and cytoplasm ;
and it is not unlikely that life itself—i.e. vital activity or function—
may depend upon the inter-relations and inter-actions of a number
of complex substances, none of which could by itself be called alive.
Just as the secret of a firm’s success may depend upon a particularly
fortunate association of partners, so it may be with vitality.” *
“ We are compelled by the most stringent evidence to admit that
the ultimate basis of living matter is not a single chemical substance,
but a mixture of many substances that are self-propagating without
loss of their specific character.” { Holding firmly to this view,

* J. Arthur Thomson, Seience of Life, p. 115 (London, 189g).
+ E. B. Wilson, The Cell in Development and Inheritance (1st ed., 18g6).
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which we have elsewhere expressed, that life is a function of inter-
relations, we confess to hesitation in accepting without saving clauses
any attempt to call this or that part of the germinal matter the
exclusive vehicle of the hereditary qualities.

2, The sperm-nucleus brings with it into the ovum a little eyto-
plasm, and it is also accompanied by the minute central corpuscle
or centrosome, which seems to play an important part in regulating
the mechanism of cleavage. It may be that the minimal quantity
of cytoplasm is also important, though we cannot trace its behaviour
as we do that of the centrosome. Strasburger says that if it were
important there would be more of it, but in these matters size and
mass seem of small moment ; the little cytoplasm there is may act
like the little leaven which leavens the whole lump. It seems in
this connection very desirable that the experiments which have
been begun (Piéri and Winkler) of extracting a ferment (** ovulase ”')
from seminal matter and using it as a fertilising agent, should be
confirmed or confuted.

3. In Loeb’s experiments unfertilised sea-urchin’s eggs developed
into complete and normal larve ; the sperm-nucleus was dispensed
with. In Delage’s experiments non-nucleated fragments of the
ova of sea-urchin, worm, and mollusc were fertilised and developed
into normal larvze ; the ovum-nucleus was dispensed with. But
it must be noted carefully that in both cases there was a nucleus
present.

4. Hickson (1go7) has argued forcibly in support of the view that
“ for the present at any rate we can only say that the germ-cells
as a whole, and not any special part, are responsible for the trans-
mission of heritable characters from generation to generation.”” He
suggests speculatively that the more plastic characters may be
transmitted mainly by the cytoplasm and the rigid characters by
the nucleus. In his criticism he refers to cases where chromosomes
are quite indistinct in the gametes, to the importance of cytoplasm-
fusion in the conjugation of some Protozoa, to the experiments of
Herbst and Fischel on hybridisation in Echinoderms, which indicate
the importance of the cytoplasm of the ovum in transmitting
characters, and to other sets of facts which indicate the danger of
exaggerating the importance of the chromosomes. The observations
of Godlewski are also strongly suggestive of the importance of the
cytoplasm, as well as the nucleus, in inheritance.

5. Bateson (19o7) has pointed out that if the chromosomes vcre




CRITICISM 63

the bearers of hereditary characters, we should expect some degree
of correspondence between the differences distinguishing ‘the types
and the visible differences of number or shape distinguishing the
chromosomes. Moreover, if the chromosomes were the chief gov-
ernors of structure we should expect to find greater differences
between them in different tissues of the same body.

6. No one has protested more clearly and vigorously than Guyer
(tgog, 1911) against “ the inordinate importance which has been
attributed to the chromosomes as vehicles of heredity.” He points
out, for instance, that there is definite experimental evidence of
the great importance of the ovum-eytoplasm, and argues that * the
number and arrangement of the chromosomes in a given species are
the effects of the fundamental constitution of a given kind of living
matter, rather than that they stand in a specifically causal relation
to such constitution.” *° Heredity is the problem of the handing-on
of metabolic energies already established, rather than of the trans-
mission of a series of determinative units which create a wholly new
organism,”” ‘‘ This much is certain; no chemical, physiological, or
morphological evidence is yet extant which places the hereditary
factors wholly within the chromosomes:.” It seem highly probable
that the chromosomes ““ control the velocities in cell-chemistry ** by
supplying the proper amounts and kinds of ferments which act on
a series of fundamental cell-constituents that are largely common
to both egg and sperm.

Perhaps then the safest conclusion at present is that the chromo-
somes, along with other geym-cell constituents, ** stand in some definite
causal relation to adult characters,”
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HEREDITY AND VARIATION

“ The organic world as a whole is a perpetual flux of changing types.”’—

Frawcis Garton,
“ Inheritance and variation are not two things, but two imperfect views
of a single process."”—W. K. Brooks.

“ Variation and inheritance are, at present, one fundamental mystery
of the vital unit.”" —KARL PEARSON.

§ 1. Persisience and Novelly.
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3. Different Kinds of Organic Change.

4. Classification and Illustration of Variations.
5. Fluctuating Variations.

6. Discontinuous Variations.

7. De Vries on Fluctuations and Mulalions,

8. Causes of Variation.

§
§
§
§
§
§

§ 1. Persistence and Novelly

CrosE observers of the relation between successive generations in
mankind, or among plants and animals, are at one in record-
ing two distinct impressions,—on the one hand, of persistent
hereditary resemblance, on the other hand, of wariability.
Oftenest we are first impressed by the remarkable homogeneity
which obtains from generation to generation, but as we get to
know the organisms better we become aware of individual
traits standing out against the background of general similarity.
Or it may be that, with the partiality of parents, our first
66
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impression is of the novelty and individuality of our children,
and only later do we recognise in those, who seemed so original,
a re-incarnation of our average selves. Oftener, perhaps, it
will be discovered that the resemblance in habits of mind and
body is purely mimefic, and that the idiosyncrasies which were
really present, as buds at least, have been pruned off both for
good and for ill by the hook of criticism, or driven into latency
—Ilike * sleeping-buds ”—by mis-education or lack of appro-
priate stimulus.

Like Tends to Beget Like.—The hereditary relation is such
that offspring are on the whole like their parents, but the degree
of this likeness varies within wide limits. Indeed, the discre-
pancies are often very conspicuous, and we can understand how
Prosper Lucas, one of the early students of inheritance (1847)—
careful and scholarly according to his lights—imagined a meta-
physical entity, which he called * innéité” and opposed to
“Uhérédité,” the former originating what is new, the latter con-
serving what is old. In modern phraseology, the occurrence
of variations is a fact of life so general that we must replace
the adage ** Like begets like ¥ with the more cautious statement
“ Like tends to beget like.”

The popular adage “ Like begets like ” is often true as a
general statement. Offspring are often so like their parents
that even the scientific observer cannot tell one from the other.
In other words, the species ‘ breeds true.”” But the more
intimate our acquaintance with organisms becomes, the more
plainly do we detect individual peculiarities, and we have to
change the adage to ** Like tends to beget like.” On the whole
it is true that average parents have average offspring, that
exceptional parents have exceptional offspring. Like tends to
beget like. Yet it is well known that, for instance as regards
stature, the tall do not always beget the tall, or the small the
small, so that we have to broaden the most general “fact of
inheritance” still further, and say that the average character
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attained by the individuals of one generation tends to be
very nearly the same as the average character of the preceding
generation. This is the broad fact of specific inertia.

A False Antithesis betwcen Heredity and Variation.—
Much obscurity of thought has been due to the false antithesis
between heredity and variation. When we say that like tends
to beget like, that offspring tend to resemble their parents
and ancestors, we are stating a fact of life. But when we
speak of an opposition between a force or principle of heredity,
securing resemblance between offspring and their parents, and
a tendency to variability which makes offspring different from
their parents, we are indulging in verbiage. Heredity, as we
have repeatedly said, is the relation of genetic continuity between
successive generations, and it is such that while many characters
seen in parents persist in their offspring, there is also in most
cases a distinct individuality in these offspring. Heredity is
a condition of evolution, a condition of inborn variations ; it
is just a name for the reproductive or genetic relation between
parents and offspring. The inheritance  which was expressed
in the development of the parent may be almost identical with
the inheritance which is expressed in the development of the
offspri- 7, but in most cases the inheritance does not persist
in this intact way from generation to generation, and then we
speak of variation. The contrast is not between heredity and
variation, but between inertia and change, between continuity
or persistence and novelty or mutation, between completeness
of hereditary resemblance and incompleteness of hereditary
resemblance,

As Prof. W. K. Brooks says (1906, p. 71) : ‘“ Living beings do
not exhibit unity and diversity, but unity in diversity. These
are not two facts, but one. The fact is the individuality in
kinship of living beings. Inheritance and variation are not
two things, but two imperfect views of a single process.”
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8 2 The Tendency to Breed True

Relative Stability of Specific Characters.—Belonging as
we do to a race which seems to have varied very slowly within
historic times, we have not far to seek for good examples of
what is the biggest fact of inheritance—the stability of specific
characters throughout a long series of generations. If we
exclude monstrosities due to arrested development and the
like, if we set aside the numerous malformations and deforma-
tions induced on the bodies of individuals by peculiarities of
function and environment, the stability of the essential human
characteristics for many millennia is obvious. This racial
inertia, which holds in some measure at least for mental charac-
teristics, is at once the hope and the despair of the social
reformer,

If we pass from general specific characters to those of par-
ticular races, we read the same story. Not only do the salient
characteristics of the skull persist within a narrow radius of
variability, but the same is true of minor features: the oblique
eyes of the Japanese, the oval face of the Esquimaux, the
woolly hair of the Negro and the Jewish nose.

Conscrvative Types of Organisation.—But the persist-
ence of structural and mental characters as illustrated in man-
kind is but a tale of yesterday when compared with the persist-
ence of type exhibited by many animals which have lived on
apparently unchanged for many millions of years. Whatever
may be true in regard to the soft parts, of which no record
remains, there seem to be no differences in hard parts dis-
tinguishing the Lingula of to-day from those of the Silurian
ages; and there are other instances of what are sometimes
called “living fossils.” The reasons for such remarkable per-
sistence do not now concern us, but the fact that structural
characters established millions of years ago are reproduced with
exactness at the present moment does,
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Persistent Peculiarities in Families.—Not less striking than
the long persistence of specific and stock characters is the fact that
offspring frequently reproduce the individual peculiarities—both
normal and abnormal—of their parents or ancestors. A slight
structural peculiarity, such as a lock of white hair or an extra
digit, may persist for several generations. A slight functional
peculiarity, such as left-handedness, has been recorded for at
least four generations, and colour-blindness for five. The strong
under-lip of the Hapsburgs persisted for six centuries. There are
endless illustrations of the fact that a pathological diathesis—
rheumatic, gouty, neurotic, or the like—may persist and express
itself similarly, even in spite of altered conditions of life, through-
out many generations. And what is true of bodily characteristics
is not less true of mental peculiarities: as to this, popular im-
pressions and the careful investigations of Galton and others are
in agreement. We think at once of cases like the Bachs, the
Bernouillis, the Darwins !

§ 3. Different Kinds of Organic Change

It may conduce to clearness if we think over the different
kinds of changes which occur in organisms.

1. Metabolism.—All living creatures are, as it were, whirl-
pools in the universal occan of matter and energy. They are
continually changing as they live. Streams of matter and energy
passinandout, Organisms are animate systems which transform
matter and energy in a characteristic way which we call living.
Their physical basis is continually undergoing disruption and
reconstruction ; it breaks down and is built up again, it wastes
and is repaired, it runs down and 1s ever being wound up again—
until the arrears of imperfect recuperation become so serious that
the organism dies, or until some fatal accident occurs. The
chemical and physical changes involved in living are summed up
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in the term metabolism, the two aspects of which—constructive
and disruptive—are called anabolism and katabolism.

2. Cyclic Changes.—An equally familiar fact is that organisms
pass through a series of changes. The fertilised egg undergoes
cleavage, the resulting cells grow and differentiate, an embryo
is formed, and gradually—oiten by circuitous paths—a minia-
ture form of the adult creature is attained. Out of apparent
simplicity an obvious complexity results. Growth still con-
tinues, often punctuated by resting periods, often rhythmic and

A. B. C.

Fic. 17.—Diagram illustrative of variation and modification.

8, the soma or body ; G, the germinal material; E, an environmental change,

A, an environmental change acting on the body directly evokes a modification (M).

E, an environmental change, without modifying the body directly, acts as a stimulus on
the germ-plasm, and is followed by a variation (V).

C, a variation (V) arises from some germinal change which cannot be causally connected
with any particular envirenmental change,

expressible in complex curves, often interrupted by peculiar
crises. Quickly or slowly the organism passes from youth
through adolescence to maturity, to its limit of growth and its
reproductive maturity. Quickly or slowly thereafter it sinks on
a down-grade towards death. As the old naturalists said, from
one period of vita minima the creature rises to a period of vita
maxima, and sinks back again into a vita minima which
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dwindles to a vanishing point. It is characteristic of organisms
to pass through a series of cyclic changes.

3. Changes involved in Functioning.—As contrasted with
inanimate systems, organisms are characterised by their power
of effective response to environmental stimuli. A living creature’s
responses tend towards self-preservation or species-preservation.
Though they may fail, the reactions are primarily and funda-
mentally effective. And these functionings or effective responses
necessarily involve changes in the system. They involve wear
and tear, and leave more or less discernible results. Normally,
however, the results, known as fatigue-effects and the like, are
obliterated by nutrition, rest, and other forms of recuperation.
In the study of an intricate structure, like a bee's brain, it is
possible to arrange on an inclined plane the changes which
are normally obliterated by a night’s rest, the changes which
require prolonged recuperation before they disappear, and the
changes which cannot be recovered from—which accumulate
until the bee dies a natural death.

4. Temporary and Individual Adjustments.—In addition
to the inherent primary power of effective response, organisms
have different degrees of plasticity. They can adjust their
reactions to novel conditions. ~ They can “ try " first one mode
of reaction and then another, finally persisting in that which
is most effective. Ewven the unicellular Infusorians do this.
How much of this plasticity is primary, or inherent in the very
nature of living matter, how much of it is secondary and wrought
out by Natural Selection in the course of ages, must remain in
great measure a matter of uncertainty. Each case must be judged
on its own merits. It is certain that many unicellular organisms
are very plastic, and it seems reasonable to suppose that as
differentiation increased, restrictions were placed on the primary
plasticity, while a more specialised secondary plasticity was
gained in many cases, where the organisms lived in environments
liable to frequent wvicissitudes. It is convenient to use the
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term ‘‘ accommodations” for the frequently occurring indi-
vidual adjustments which many organisms are able to make
to new conditions.

5. Modifications.—Besides being plastic, organisms are
modifiable: that is to say, in the course of their individual life
they are liable to be so impressed by changes in surrounding
influences and by consequent changes in function that, as a
direct result, modifications of bodily structure or habit are
acquired. Modifiability 1s the capacity of registering the
direct results of changed function or of changed environment.
“ Modifications ” may be defined as structural changes in the
body of an individual organism, directly induced by changes
in function or in environment, which transcend the limit of
organic elasticity and persist after the inducing conditions
have ceased to operate. They are often inconveniently called
“acquired characters.” They are not proved to be trans-
missible as such or in any representative degree, but they are
often adaptive and individually very valuable. They are dis-
tinguishable from temporary adjustments or accommoda-
tions on the one hand, and from inborn wvariations on the
other.

6. Inborn Variations.—Finally, when we subtract from a
total of “ observed differences ”’ between members of the same
species all that can be described as accommodations and modi-
fications, we find a large remainder which we must sharply
define off as variations. We cannot causally relate them to
peculiarities in habit or in surroundings; they are often distinct
at birth or hinted at before birth; and they are rarely alike
even among forms whose conditions of life seem absolutely
uniform. They may be large or small in amount, fluctuations
or freaks, progressive or retrogressive—that is a matter for
further analysis—but they agree in having a germinal origin.
They are endogenous, not exogenous ; they are born, not made ;
and they are more or less transmissible, though they are not
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always transmitted. They form—at least some of them form—
the raw material of organic evolution.

§ 4. Classification and Illustration of Variations.

“Variation.”—It is a common confession of mnaturalists
that a label is a necessary evil. A collection without labels is
a contradiction in terms, and yet the label is often a full-stop
to investigation. This is true in regard to the concrete ; it is
more lamentably true in regard to the abstract. Thus the
label * Variation " has been a great hindrance to progress.

As Mr. Bateson says (1905, p. 575): ‘‘ The indiscriminate
confounding of all divergences from type into one heterogeneous
heap under the name ‘ Variation' effectually concealed those
features of order which the phenomena severally present,
creating an enduring obstacle to the progress of evolutionary
science. Specific normality and distinctness being regarded
as an accidental product of exigency, it was thought safe to
treat departures from such normality as comparable differences :
all were ‘variations’ alike.”

All organic changes imply some incompleteness in the heredi
tary resemblance—a little more of one character, a little less of
another, or the occurrence of some feature which deserves to
be called distinctly * new.” Both variations and modifications
may cause this incompleteness in the hereditary resemblance :
an apparently similar condition may result from two different
processes of change. But the variation has a germinal origin,
is blastogenic, is not directly dependent on the external con-
ditions of life, is endogenous, and is transmissible ; while the
modification has a somatic origin, is the direct result of functional
or environmental influence, is exogenous, and, so far as we
know at present, is not as such transmissible.

Classification.—There are many different ways of classifying
these variations which form the raw material of evolutionary
change. ' )
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a. If we attend to the wnature of the change, we may
distinguish * meristic”’ variations—e.g. in the number and pro-
portions of parts, from “ substantive’ variations of a qualitative
sort—e.g. change in colour.

B. If we attend to the direction of the change in successive
generations, we may distinguish “ definite” wvariations, which
occur along one line (like stages in normal development), from
“ indefinite " wvariations, which * fluctuate hither and thither
with no uniformity in the course of generations.”

Many evolutionists have maintained that there is good
reason for believing in definite or determinate variation along
particular lines, as if certain organisms had an inherent bias to
change in certain parts and not in others, in certain directions
and not in others, just as certain inorganic substances can
crystallise in different forms but only within strict limits. It
is possible to arrange a series of species A, B, C, D, E, F, in such
a way that they suggest progressive definite variation along
a particular line, and it seems not unlikely that this kind of
evolution may sometimes occur. Moreover, along quite different
lines of evolution we find evidence that the same kind of step
has been taken independently, over and over again. This
suggests that the possibilities of variations may be limited and
defined by deep-rooted constitutional conditions or physio-
logical alternatives. But the weakness of the argument lies
in the almost insuperable difficulty of deciding whether the
apparent definiteness is not the result of the primary action of
selection which eliminates divergent variants at early stages—
nipping idiosyncrasies in the bud—or which may have estab-
lished a bias in previous generations. In conditions of rigid
elimination the lines of variation will naturally tend to become
more and more restricted.

y. If we attend to the amount of the change from one generation
to the next, we may distinguish minute fluctuations about
a mean, which age connected by intergrades, from sudden




VARIATION
Fig.19

F1G. 19.—Some of the numerous variations in the pattern of the abdomen in the yellow
jacket Wasp. [After Kellog and Bell.]

VARIATION
Fig.gﬂ.

FIG. 20.—* Mutations" or rapidly developing large inheritable variations in Leptinotarsa
mulliteniata. The type of the species (2) and its extreme mutants rubicunda (1) and
melanothorax (8), [After W. L. Tower.]

[ Facing p. 16
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“sports "’ which reach a new position of organic equilibrium as
if by a leap. This is the contrast between ‘‘continuous”
variations small in amount, and ‘' discontinuous’ or * tran-
silient "’ variations in which a considerable step is taken with
apparent suddenness, without the occurrence of intermediates.

The term variation, used concretely to denote an organic pecu-
liarity or idiosyncrasy, is obviously a relative term, implying some
standard of comparison. Itisa deviation from the parental type,
a divergence from the mean of the stock. Thus there are different
degrees, or perhaps even different kinds of discontinuity.

In many cases, a variation may be described as simply an in-
completeness in the inheritance or in the expression of the inherit-
ance. The divergence from the norm is due to the suppression or
inhibition of some character. This may be illustrated by a per-
fectly white (albino) baby, born to almost coal-black parents.*
If such a form became the founder of an albino race, as in the
case of rats and mice, we should be justified in concluding that the
particular material organisation which eventually leads to the
deposition of pigment in the body had somehow dropped out of
the inheritance. If the albinism was in no respect transmitted to
the next generation, we should be justified in concluding that the
structural arrangements which lead on to pigmentation had simply
been hindered from finding their normal expression in develop-
ment.

A minus variation like albinism may be described as due to
an incompleteness in the inheritance or in the expression of the
inheritance, but there are other wvariations which must, so to
speak, bear the plus sign, for they invoive the augmentation or
exaggeration of a character, Plus variations of this sort have

*  Its father and mother were horrified ; their fiiends and relations,
in fact all the villagers, were called to examine and criticise it. Why such
surprise ? Why such commotion ? The answer is self-evident : the law
of heredity had been broken.”"—R. W, Felkin. The vulgar mind is always
impressed by size and quantity ; big deviations strike the imagination,
and the normal occurrence of small deviations is forgotten.
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been taken advantage of in breeding sheep with long fleece,
Japanese cocks with tails ten feet long, * wonder horses ”’ with
manes reaching the ground, and so on,

But the offspring is sometimes so different from the parent that
we cannot describe its peculiarity as an incompleteness in the
expression of the normal inheritance, or as an exaggeration of
parental or ancestral traits. It is sometimes a new pattern, a
fresh departure, with what one might call organic originality.
It is more than a discontinuous variation. It seems to have
passed suddenly into a new position of organic equilibrium,
where it has not only individuality, but a distinctively nowvel
individuality. These distinctive novelties, which arise brusquely,
are often included in the conception of ** mutations.”

§ 5. Fluctuating Variations

When we examine a number of individuals of the same species
we usually find that they differ from one another in detail.
Some of the observed differences may be modificational or due
to differences of nurture, but it is often possible to abstract
these from differences due to hereditary nature. Thus, when
we collect a large number of specimens of the same age from the
same place at the same time, we often find that no two are
exactly alike. They have peculiarities of germinal origin—or, in
other words, they show fluctuating variations. The characteristic
feature of these fluctuations is that they are confinuous, i.e. con-
nected by intergrades, and that they can be arranged in a gradual
series (a curve of frequency) on each side of a mode.

To construct such a curve (let us say of variation in stature),
take a base line, and divide it into equal parts, each to represent
a unit of measurement, say an inch. From a middle division of
this base line erect an ordinate to represent by its length the
number oi those individuals whose stature is found to be the
most frequent. On each side of this, from their appropriate
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divisions on the base line, erect ordinates representing by their
length the number of individuals of each stature, the lower
statures to the left, the greater to the right. Now a line joining
the tops of the ordinates will form a polygon or (if the divisions in
the base line be quarters of an inch) a curve, which will show
graphically the distribulion of variation in stature in the population
measured. 1If the curve is symmetrical on each side of the highest
ordinate, the mode, it is called the * normal curve ”’ ; the average
or mean coinciding with the “ mode.” If there are more varia-
tions on one side of the mode, the curve is “ skew "’ ; if there are
two maxima or modes, the curve is * dimorphic * ; and so on.
In various ways, which are of great practical convenience, a
measure of variability can be deduced from the steepness or flat-
ness of the curve, and thus we can readily compare the variability
of different characters, or of the same character in different
groups and at different times. The curves, especially if made
year after year, may show the direction in which the species is
moving, perhaps the way in which selection is working, perhaps
even that the species is splitting up into two subspecies.

One of the results of measuring large numbers of variations is
to show that there is a relation between the amount of a deviation
and the frequency of its occurrence. The greater the divergence
from the average, the fewer instances are there. Measurements
of a large number of soldiers gave Quetelet the following result,
in which the upper line indicates the heights in inches, and the
lower line the number of soldiers of each of these heights.

&0, 61, 62, 63, 64, 65, 66, 67, 6B, 69, 70, 71, %2, 73, 74, 75,
2, 2, 20, 48, 75, I17, 134,%157, I40, 121, 80, 57, 206, 13, 5, 3.

The general symmetry is plain, on each side of the most
frequent condition, 67 inches, which is called the ““mode.”

Registration of Variations.—"" The modern methods of statistics
deal comprehensively with entire species, and with entire groups
of influences, just as if they were single entities, and express the
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relations between them in an equally compendious manner. They
commence by marshalling the values in order of magnitude from
the smallest up to the largest, thereby converting a mob into an
orderly array, which, like a regiment, thenceforth becomes a
tactical unit. Conccive each value to be represented by an ex-
tremely slender rod of proportionate length, and the rods to be
erected side by side, touching one another, upon a horizontal base,
The array of closely-packed rods will then form a plane area,
bounded by straight lines at its sides and along its base, but by
a flowing curve above, which takes note of every one of the values
on which it is founded, however immense their multitude may be.
The shape of the curve is characteristic of the particular group of
values to which it refers, but all arrays have a family resemblance
due to similarity of origin ; they all drop steeply at one end, rise
steeply at the other, and have a sloping back. An array that has
been drilled into some such formation as this, is the tactical unit
of the new statistics "’ (Biometrika, vol. i., 1901, p. 7).

Theory of Evolution by Selection of Fluctuating Varia-
tions.—It is certain {hat most offspring differ from their parents
in many quantitative details. It is certain that when measure-
ments are taken of a large number of individuals of the same
species in reference to a particular character, the results, when
plotted out, conform approximately to the normal curve of
frequency. If measurements be taken in a subsequent genera-
tion there is a similar result, but the curve nced not be precisely
the same. The mode of the curve—i.c. the most frequently
occurring dimension of the measured character, may change
from one generation to another. It is usually believed that one
of the ways in which this change can be effected is by natural
selection. But to think of new species arising by slow changes
of this sort is in many ways difficult, apart altogether from the
fact that definite demonstration of the operation of selection
has been rarely attempted.

(1) Such a character as a Roman nose is certainly heritable,
though it is not always inherited. But we cannot speak so



FLUCTUATING VARIATIONS 81

definitely in regard to small quantitative variations. A tall
father does not necessarily have tall children. Where the
characters in which the two parents differ are such as
readily blend, regression towards the mean of the stock will
occur.

(2) Even with very thorough isolation—segregation of like
individuals—and very consistent selection, it is doubtful whether
a new race could be evolved from the cumulative increase of
“small quantitative variations, e.g. in stature or colour of hair.
It is doubtful whether any domestic races have so arisen. It is
not in this way that dwarf-races and giant-races have been
formed. They arise from sudden discontinuous variations or
mutations, which are often peculiarly heritable, which are any-
thing but liable to be swamped by inter-crossing, and which
sometimes exhibit Mendelian inheritance.

(3) The result of the gradual accumulation of small
quantitative variations may be very important in a long time,
just as a small sum may become large from interest accumulated
for centuries ; but it is difficult to believe that minute fluctuations
in quantity would always have sufficient selective value to ensure
their persistence.

There are several reasons why selectionists have restricted
themselves so much to continuous variations as the raw material
of evolution. (1) Until lately we have known comparatively
little in regard to discontinuous variations or mutations. (2) It
was hastily concluded that these changes were not likely to
be transmitted—a generalisation in part due to preoccupation
with teratological non-viable freaks. (3) In many cases related
species can be arranged in a gradual series with intermediate
forms linking the extremes.

Now, there is no need to hamper the Evolution Theory by
restricting selection to minute variations. We know that sports,
mutations, or discontinuous variations are frequent, and that
they are remarkably stable in their hereditary transmission,

6
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We know also that many domestic races have, as a matter of
fact, arisen by sudden mutation.

As to theseries of related species which may be often arranged
as if on an inclined plane, two points should be noted:
(1) that it is likely enough that some kinds of species, e.g. vege-
tative forms like Alcyonarians and Corals, may have evolved by
minute steps, and (2) that although species are often connected
by intermediate links it does not follow that these links are
stages in the evolution. They may have been formed affer the
species to which they are theoretically supposed to give rise.
We should remember Galton’s warning, “ If all the variations of
any machine that had ever been invented were selected and
arranged in a museum, each would differ so little from its neigh-
bours as to suggest the fallacious inference that the successive
inventions of that machine had progressed by means of a very
large number of hardly discernible steps.” Many facts now
lead us to conclude that the Proteus leaps as well as creeps.

§ 6. Discontinuous Variations

One of the steps of progress in Evolution-lore since Darwin’s
day is the recognition of the frequency and importance of dis-
continuous variations—i.e. of organic changes which arise
abruptly and not by a gradual series of steps. If dwarfs arise
suddenly in a tall race, and are not mere modifications, they
illustrate discontinuous variation of a quantitative sort. A
hornless calf, a tail-less kitten, a short-legged lamb, a thornless
rose, illustrate discontinuous quantifative variations of a negative
kind. Giants, * wonder-horses,” long-tailed Japanese cocks,-
merino-fleeced sheep, spine-covered holly leaves illustrate dis-
continuous guantitative variations of a posstive kind. Sometimes
the novelty cannot be readily expressed in quantitative terms—
an entirely new colour turns up, the variant is immune to certain
diseases to which the stock is susceptible, leaves become fasciated,
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a tree becomes ‘ weeping,” a genius is born. When a new
pattern of organisation or a new constitutional propeity turns
up, we may speak of a discontinuous gualifative variation.

Historical Note.—The idea that organic changes might come
about by leaps and bounds is not novel, though the evidence
substantiating it is quite modern.

Some of the older evolutionists, such as Etienne Geoffroy
St. Hilaire, believed in saltatory evolution, and were far from
agreeing with Lamarck that Nature is never brusque.

Darwin also recognised that big steps may be taken suddenly—
e.g. in the origin of large-crested Polish fowls, black-shouldered
peacocks, short-legged Ancon sheep, but he thought that these
discontinuous variations occurred rarely, and would be liable to
be swamped by intercrossing. He relied rather on the action of
natural selection on the small, continuous variations which are
always forthcoming.

But the modern appreciation of the importance and frequency
of discontinuous variations is mainly due to Bateson, who, in his
Materials for the Study of Variation (1894), gave many instances of
the sudden appearance of offspring which in some particular
diverge widely and abruptly from their parents; and to De Vries,
who has observed the occurrence of “ mutations " in many plants,
and has also followed them through generations, showing that they
tend to breed true ; and to Johannsen, who recognised the import-
ance of individual new departures in starting stable “ pure lines.”

A Change of View.—Darwin and orthodox Darwinians relied
in the main on the operation of selection on small individual
variations—many of which are nothing more than quantitative
fluctuations. If new adaptations and new discontinuous species
arise in this way, the small variations must be heritable, the new
character must be capable of cumulative increase by the per-
sistent outcrop of similar variations generation after generation,
the selection must be persistent and consistent, and a long time
must be allowed.
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Even when this theory is strengthened by subsidiary theories,
e.g. as to the-efficacy of isolation and germinal selection, it is
more theoretically than practically convincing. It places such a
heavy burden on the shoulders of Natural Selection that the idea
of a leaping instead of a creeping Proteus has always been
welcome,

But why are evolutionists now entertaining an idea—the
importance of discontinuous variations—which Darwin con-
sidered and then rejected ? The answer is that we now know
of many instances of discontinuous wvariation in animals,
and even more among plants, that we have some good
evidence of these discontinuous wvariations or mutations
‘““breeding true,” and that we have in the theory of Mendelian
inheritance a reason why a mutation which has once arrived
should persist.

Some modern authorities go the length of saying that
“ mutations” form the sole raw material of evolution, and that
“individual fluctuations ”’ do not count at all. This seems an
illustration of the common tendency to take up an extreme
position in the enthusiasm of a new discovery. Because dis-
continuous wvariations are common and important it does not
follow that continuous fluctuations are of no moment. Those
““ whose humour is nothing but mutation” confess that it is
very difficult to distinguish between a small mutation and a
large fluctuation. If the large fluctuation be heritable—which
we may assume until it has been disproved—we confess that we
do not see what is gained by trying to distinguish it from a small
mutation.

The New View.—Dominated by the idea that ‘‘ organisms
are mere conglomerates of adaptative devices,” and that these
patents cannot but be the outcome of slow accumulation of
minute fluctuations under the directive agency of selection,
naturalists have paid little heed to the open secret that the
living creature is inherently a Proteus suddenly and discon-
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tinuously passing from one guise to another by transilient
variation.

Mr. Bateson (1gos, p. 577) notes that Marchant in 1719 was
the earliest to comment on the suggestiveness of sudden changes,
such as he saw in plants of Mercurialis with laciniated and hair-
like leaves which for a time established themselves in his garden.
He suggested that species may arise in like manner. *“ Though
the same conclusion has appeared inevitable to many, including
authorities of very diverse experience, such as Huxley, Virchow,
F. Galton, it has been strenuously resisted by the bulk of scientific
opinion, especially in England.

“Upon whatever character the attention be fixed, whether
size, number, form of the whole or of the parts, proportion,
distribution of differentiation, sexual characters, fertility, pre-
cority or lateness, colour, susceptibility to cold or to disease—
in short, all the kinds of characters which we think of as best
exemplifying specific difference, we are certain to find illustrations
of the occurrence of departures from normality, presenting ex-
actly the same definiteness elsewhere characteristic of normality
itself. Again and again the circumstances of their occurrence
render it impossible to suppose that these striking differences
are the product of continued selection, or, indeed, that they
represent the results of a gradual transformation of any kind.
Whenever by any collocation of favouring circumstances such
definite novelties possess a superior viability, supplanting
their ‘ normal ' relatives, it is obvious that new types will be
created.”

Heredity and Evolution.—Mr. Bateson has done good
service in exposing to ridicule the prevalent misconception that
domesticated races are “ so many incarnations of the breeder’s
prophetic fancy.” * Except in recombinations of pre-existing
characters—now a comprehensible process—and in such intensi-
fications and such finishing touches as involve variations which
analogy makes probable, the part played by prophecy is small
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Variation leads : the breeder follows. The breeder’s method is to
notice a desirable novelty, and to work up a stock of it, picking
up other novelties in his course—for these genetic disturbances
often spread—and we may rest assured the method of nature is
not very different "’ (1905, p. 578).

This is obviously a very important change of view, though
it is also in a way a return to what Darwin himself taught.
“ Variation leads ; the breeder follows.” But more than that:
Variation leads by leaps and bounds. As Mr. Bateson says, let
the believer in the efficacy of selection operating on continuous
fluctuations try to breed a white or a black rat from a pure
strain of black-and-white rats by choosing for breeding the
whitest or the blackest ; or to raise a dwarf (*“ Cupid ”’) sweet
pea from a tall race by choosing the shortest. It will not work,
Variation leads and selection follows.

Illustrations of Discontinuous Variation

Wonder Horses.—The so-called wonder-horse ““ Linus I.”
had a mane eighteen feet long and a tail twenty-one feet long.
The parents and grandparents had unusually long hair. This
seems a good illustration of a “ sport "’ or discontinuous variation
which not only persisted for several generations, but increased
very rapidly.

Shirley Poppies.—The well-known Shirlev Poppies arose
from a single discontinuous variation, which may have occurred
often before Mr. Wilks saved it from elimination and made it
_the ancestor of a prolific and distinctive stock.

Star Primrose.—The graceful star primrose (Primula stellata)
arose as a sport from the conventional Chinese primrose, and
was raised by Messrs. Sutton into a favourite stock. It had
been thrown off before as a sporadic variety over and over
again, but was “ promptly extirpated because repugnant to
mid-Victorian primness.”
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The Moth Amphidasys.—Some sixty years ago in the urban
conditions of Manchester the black variety doubledayaria of
the moth Amphidasys betularia found its chance, and soon
practically superseded the type in its place of origin, extended
over England, and appeared even in Belgium and Germany
(Bateson, 19035, p. 577)-

The Common Jelly Fish.—A good case of abundant discon-
tinuity in variation is furnished by the common jelly-fish Aurelia
aurita, whose sports have been studied by eight or more ob-
servers, from Ehrenberg (1835) onwards. Its parts are normally
in multiples of 4 (4 equal areas in the radially symmetrical disc,
4 oral lips, 4 genital organs, 16 radial canals, 8 marginal sense-
organs or tentaculocysts); but numerical sports are wvery
common. These are sometimes irregular, e.g. when the radial
symmetry of the disc is lost ; but they are oftener quite sym-
metrical, e.g. when the animal has 2z genital organs, 2 oral
lobes, 8 radial canals, and 2 marginal sense-organs.

In studying Awrelia aurita at Plymouth, Browne (1895)
found that out of 1515 young forms (ephyrae) 21°4 per cent. had
more or fewer than 8 marginal sense-organs, and that out of 383
adults 22'8 per cent. were similarly affected. The figures seem
to show that the abnormal forms survive quite as well as the
normal forms, yet there is no evidence that the sports were more
numerous in 18g5 than when Ehrenberg studied them sixty
years before. In other words, although a plentiful crop of
brusque variations is being continually supplied by this plastic
form, there is no hint of the origin of a new race. (Bateson,
1804, p. 428.)

The Case of Pseudoclytia.—Although the numerous discon-
tinuous variations of Aurelia aurita do not suggest that any new
race is at present arising, it is possible to find an analogous case
where it does seem that we have to do with a species newly
arisen, or still in process of being established. A. G. Mayer
found at the Tortugas, Florida, large numbers of a medusoid
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or swimming bell—Pseudoclytia pentata—a  leptomedusan
belonging to the family Eucopide. * It differs from all other
Hydromedusz in that it normally possesses 5 radial canals,
5 lips, and 5 gonads, all 72° apart, instead of 4 of these
various organs go° apart, as in other Eucopide.” 1In the
structure of its tentacles, otocysts, gonads, and manubrium,
in the general shape of its bell, and the arrangement of
its tentacles and otocysts, it is so closely similar to Epenthesis
folleata, that it seems safe to contlude that the former
has been derived from the latter or from some closely allied
species. The two forms are somewhat different in colour and
slightly different as to the position of the gonads, but the
resemblance is exceedingly close, and no one can suppose that
a medusoid with 5 radial canals is a primitive form. As there
are pentamerous variants of Epenthesis folleata and tetramerous
variants of Pseudoclytia pentata, we are not aware of any case
which more cogently suggests the evolutionary interpretation.
As Mayer says, ‘“ P. penialia may be called ‘a new race’ in the
sense that it is evidently derived from Epenthesis, and departs
from the quadratic arrangement of organs, which is almost uni-
versal among Hydromedusz. It is remarkably variable, and
its great commonness attests to its successfulness in the struggle
for existence” (Mayer, 1901, p. 20).

To obviate misunderstanding, it may be observed that by the
term “ newly arisen "’ which Mayer uses in reference to Pse:xdoclytia
penfata, he means simply that ‘it has departed widely from the
fundamental type of all other Hydromedusz, and that it is appar-
ently derived from a genus (Epenthesis) which is itself quite highly
differentiated. It is, therefore, ‘new ’ in the sense that it cannot
be a primitive form, although we have no means of determining
how long a time it may have been in existence’ (Mayer, 1901,
p. 8).

While we cannot exactly demonstrate that Pseudoclylia pentata
arose by discontinuous variation from Epenthesis folleata, or some
closely allied form, the evidence in favour of that interpretation

l
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i1s exceedingly strong. It is interesting further to notice that * the
newly-arisen species ' is very successful as regards numbers, and
that its variations have a strong family resemblance to those of its
supposed ancestor, and are yet more abundant. In regard to its
more abnormal variants, Mayer observes that they are handicapped
by their loss of symmetry, for some are neither radial nor bilateral,
and by a reduction of fertility even in cases where the number of
gonads has been increased to six or seven.

The evidence from Medus® and Medusoids is sufficient to show

Fic. 21.—Mutation in Medusoids (after A. G. Mayer). The figure to the
left is an oral view of Epenthesis folleata. The figure to the right is
an oral view of Pseudoclylia pentata.

that discontinuous variations may occur in large numbers, that
similar brusque changes may occur year after year, that there is
sometimes a strong family resemblance in the variations of related
forms. In some cases (e.g. in regard to Awrelia aurita) we are not
in a position to say that anything has come of the abundant crop
of discontinuous variations ; in other cases (e.g. the very abnormal
forms of Pseudoclytia pentata) the discontinuity has gone too far,
as shown by the reduction of fertility and the entire loss of Sy m-
metry ; while, thirdly, from the relationship of Pseudoclytia pentata
to Epenthesis folleata, we are led to conclude that one species may
arise from the discontinuous variation of another.
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§ 7. De Vries on Fluctuations and Mutations.

Professor Hugo de Vries is one of the foremost of Darwin’s
intellectual heirs, with a rich endowment of his insight and
patience. Long-continued and carefully controlled observations
and experiments with generations of plants have led him to
conclusions which have given the Evolution Theory a fresh
start. His “ Mutation Theory” is certainly one of the greatest
advances since Darwin’s day.

The General Idea.—The origin of species and wvarieties is an
object for experimental inquiry. “ Comparative studies have
contributed all the evidence hitherto adduced for the support of
the Darwinian theory of descent, and given us some general ideas
about the main lines of the pedigree of the vegetable kingdom,
but the way in which one species originates from another has
not been adequately explained. The current belief assumes that
species are slowly changed into new types. In contradiction to this
conception the theory of mudation assumes that new species and
varieties are produced from existing forms by sudden leaps. The
parent-type itself remains unchanged throughout this process, and
may repeatedly give birth lo new forms. These may arise simul-
taneously and in groups, or separately at more or less widely distant
periods. . . . . My work claims to be in full accord with the
principles laid down by Darwin, and to give a thorough and sharp
analysis of some of the ideas of variability, inheritance, selection,
and mutation, which were necessarily vague at his time"’ (From
preface to Species and Varieties, their Origin by Mutation™
Chicago and London, 1905).

A Theoretical Implication.—De Vries's Mutation Theory
involves the theoretical conception that “ the characters of the
organisma are made up of elements that are sharply separated
from each other. These elements can be combined in groups,
and in related species the same combinations of elements recur,
Transitional forms like those that are so common in the external
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features of animals and plants do not exist between the elements
themselves, any more than they do between the elements of the
chemist.”

The Case of the Evening Primrose.—In 1886, De Vries began
hunting about around Amsterdam for a plant which would show
hints of being in what we may call a changeful mood. He tried
over a hundred species, bringing them under cultivation, but
almost all were disappointingly conservative. It seemed as if
most of the species around Amsterdam were in a non-mutable
state. It is possible, as Weismann suggested in one of his first
evolutionary essays (1872), that in the life of species periods of
constancy alternate with periods of changefulness. The human
historian has often made a similar remark.

In the course of his wanderings around Amsterdam, De Vries
came across a deserted potato-field at Hilversum—a field of
treasure for him. For there he found his long-looked-for mutable
plant, an evening primrose ((Enothera lamarckiana). Like its
nearest relatives, (Enothera biennts and (Enothera muricata, which
it excels in size and beauty of flowers, it probably came from
America, where it is a native. It had probably “ escaped " at
Hilversum about 1875, and in the following ten years it had
spread in hundreds over the field. It had been extremely prolific
in its freedom, but that was not its chief interest.

Its chief interest was its changefulness. It had, so to speak,
frolicked in its freedom. Almost all its organs were varying—as
if swayed by a restless tide of life. It showed minute fluctuations
from generation to generation; itshowed extraordinaryfreaks like
fasciation and pitcher-forming ; it showed hesitancy as to how
long it meant to live, for while the majority were biennial, many
were annual, and a few were triennial : it showed what can
hardly be otherwise described than as new species in the making.

It is possible that the prolific multiplication in a new environ-
ment may have had something to do with the awakening of the
impulsive mutability. :
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In 1887, a year after his discovery of the potato-field, De Vries
found two well-defined new forms—a short-styled O. brevistylis
and a beautiful smooth-leaved 0. levifolia—distinguishable from
the parent O. lamarckiana in many details. He hailed these as
two new ‘‘ elementary species,” * and he applied one of the crucial
tests of specific or subspecific rank : Did they breed true ? He
found that this was so; from their self-fertilised seeds similar
forms arose. Neither of the two new forms was represented in the
herbaria at Leyden, Paris, or Kew ; neither had been described in
the literature of Onagracee. They seemed to be distinctively
new. It is interesting to note that in 1887 there were few ex-
amples of these two new elementary species, and that each
occurred on a single plot in the field. The impression conveyed
was that each had arisen—by a sudden mutation—{rom the seed
of an individual parent.

The next chapter in the famous investigation began with a
transference of samples of the new forms and the parent stock—
partly as plants and partly as seeds—from the potato-field at
Hilversum to the botanic garden at Amsterdam.

The three stocks gave rise under cultivation to many thousands
of individuals, which bred true along certain lines, and yet gave
rise to other new forms. In short, De Vries had found a plant in
process of evolution. The predisposition to mutability—which
remains a mystery—was present, De Vries gave it scope, and
like the primeval gardener he had the pleasure of giving names to
a crop of new creations which emerged before him. From each
of his three samples there arose several distinctive groups—which
if they had been found in nature would have been reckoned as
distinct species of evening primrose. But the most interesting
feature was the apparent abruptness in the origin of the new

1]

* By an * elementary species " is meant simply a group of individuals
which agree with one another and differ from other groups in a certain
number of characters, normally constant through successive generations,
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forms. They seemed to arise by leaps and bounds, by organic
jerks ; they illustrated what De Vries has called *“ Mutation.”

Besides the smooth-leaved 0. levifolia and the short-styled
0. brevistylis, both of which appeared in the potato-field, the cultiva-
tion of O. lamarckiana resulted in the emergence of seven constant
elementary species—O. gigas (rare), O. rubrinervis, O. oblongala,
0. albida, O. leptocarpa, O. lata, and a dwarf O. nanella. Besides these
there were a few inconstant variants and a few which were sterile.

One form, O. scintillans, that only appeared eight times, was not
constant like the others. When self-fertilised it produced O. ob-
longata, O. lamarckiana, and others like itself.

It is interesting to notice that some of the forms—e.g. 0. oblongala
—were produced over and over again ; that five of the new forms
appeared afterwards in the field or from seeds collected in the field,
which shows that the cause of their origin was not to be found in the
cultivation.

As De Vries says, the new elementary species arise suddenly
without transitional links ; for the most part they are quite con-
stant ; within the limits of their essential constancy they exhibit
similar minor fluctuations ; they are usually represented by nu-
merous individuals within the same period of time ; the observed
changes affect many organs and parts, and in no definite direction ;
and the mutability seems to be periodic, not continuous.

If cases like that of O. lamarckiana are indicative of what often
occurs and has occurred in nature, then our view of the evolution-
process must be in several respects modified.

It will be necessary to distinguish more sharply between fluc-
tuating variations and discontinuous mutations. If a new ele-
mentary species may arise as it were ready-made, ““at a single
advance,” it is not necessary to hold to the formula that species
have arisen by the gradual accumulation (under selection) of
minute individual wvariations. As mutations occur in large
numbers and occur repeatedly and are very constant, the familiar
difficulties in regard to the swamping of novelties, the inappre-
ciable value of incipient stages, the apparent non-utilitarian
character of some specific differences, and so on, will be greatly
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lessened. The reader may be referred to Prof. T. H. Morgan's
Evolution and Adaptation (1go3) for a valuable discussion of the
advantages of the Mutation Theory.

De Vries’s Analysis of Variation.—In order to appreciate more
thoroughly the importance of the changes which De Vries has
necessitated in our evolutionary conceptions, we must briefly
refer to his analysis of the distinct phenomena which have been
too often unfortunately slumped under the title ‘ Variations.”

“ Elementary Species.”—In many groups of organisms which
are usually called Linnaan species, there are several or numerous
““subspecies,” or “ varieties.” They remain more or less constant
in their characters from generation to generation, they breed true
in artificial conditions, they are not local races with similar modi-
fications ; De Vries calls them “ elementary species.” Thus
there are about two hundred “ elementary species  of the com-
mon Crucifer, Draba verna, and a few ‘ elementary species ”’ of
the common European heartsease (Viola fricolor), and so on.

“The systematic species,” De Vries says, ‘‘ are the practical
units of the systematists and florists, and all friends of wild nature
should do their utmost to preserve them as Linnaus has proposed
them. These units, however, are not really existing entities ;
they have as little claim to be regarded as such as the genera and
families have. The real units are the elementary species ; their
limits often apparently overlap, and can only in rare cases be
determined on the sole ground of field-observations. Pedigree-
culture is the method required, and any form which remains
constant and distinct from its allies in the garden is to be con-
sidered as an elementary species ”’ (1903, p. 12).

Elementary species are considered to have originated from
their parent form in a progressive way ; they have succeeded in
attaining something quite new for themselves.

Retrograde Varieties.—De Vries applies this term to those
numerous forms which have thrown off some peculiarity charac-
teristic of their ancestors. Like elementary species they may arise
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suddenly, but while ‘“ progressive steps are the marks of ele-
mentary species, retrograde varieties are distinguished by appar-
ent losses.” Retrograde varieties usually differ from their parent
species by a single sharp character only,—they have lost pigment,
or hairs, or spines, and so on ; while elementary species are dis-
tinguished from their nearest allies in almost all organs. More-
over, the same kind of retrograde variety occurs repeatedly in
different series of species, hence the long lists of unrelated varieties
called by the same varietal title—e.g, alba, tnermis, canescens, or
glabra.

“ Varieties differ from elementary species in that they do not
possess anything really new. They originate for the greater
part in a negative way, by the apparent loss of some quality,
and rarely in a positive manner by acquiring a character already
seen in allied species” (1gos, p. 152).

Ever-sporting Yarieties.—De Vries uses this term to describe
cases like the striped larkspur, which for centuries has gone on
producing unstriped as well as striped flowers. ‘ Its changes are
limited to a rather narrow circle, and this circle is as constant as
the peculiarities of any other constant species or variety. But
within this circle it is always changing, from small stripes to
broad streaks, and from them to pure colours. Here the vari-
ability is a thing of absolute constancy, while the constancy con-
sists in eternal chﬁnges 1" Plants with variegated leaves, with
double flowers, with fasciated branches, with peloric flowers, and
so on, often illustrate the * ever-sporting ““ tendency. The
common snapdragon (Antirrhinum majus) is a very good case,—
the striped variety, for instance, cannot be fixed. There is some
inherent instability in the combination of unit-characters in
these ever-sporting varieties.

Fluctuations.—De Vries applies this term to the continually
occurring individual variations. ‘It is normal for organisms
to fluctuate to and fro, oscillating around an average type.
Fluctuations are linear, amplifying or lessening the existing
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qualities, but not really changing their nature. They are not
observed to produce anything quite new ; they always oscillate
around an average, and if removed from this for a time, they
show a tendency to return to it.”” They are inadequate ever to
make a single step along the great lines of evolution, whether
progressively or retrogressively. They do not form the raw
material of evolution, as has often been supposed. But, we
submit, it is difficult with our present knowledge to discriminate
between a fairly large fluctuation and a small mutation.

Mutations.—* In contrast to the ever-recurring wvariabilily,
never absent in any large group of individuals, and determining
the differences which are always to be seen between parents and
their children, or between the children themselves, we have to
rank the so-called sports or single varieties, not rarely denomin-
ated spontaneous variations, for which I propose to use the term
‘mutations.” They are of very rare occurrence, and are to be
considered as sudden and definite steps ”’ (xgos, pp. 1g0-1).

““ De Vries recalls Galton’s apt comparison between variability
and a polyhedron which can roll from one face to another. When
it comes to rest on any particular face, it is in stable equilibrium.
Small vibrations or disturbances may make it oscillate, but it
returns always to the same face. These oscillations are like the
fluctuating variations. A greater disturbance may cause the
. polyhedron to roll over on to a new face, where it comes to rest
again, only showing the ever-present fluctuations around its new
centre.  The new position corresponds to a mutation” (T. H,
Morgan, 1903, p. 280).

According to De Vries, mutations have furnished the material
for the process of evolution.

The Oldest Known Mutation.—A few years before the close
of the sixteenth century (1590), Fprenger, an apothecary of
Heidelberg, found in his garden a peculiar form of Chelidonium
majus or greater celandine. It was marked by having its leaves
cut into narrow lobes with almost linear tips, and by having the
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petals also cut up. This sharply defined new form suddenly
appeared among the plants of Chelidonium majus which the
apothecary had cultivated for many years. It was recognised
by botanists as something quite new, and eventually it got the
name Chelidonium laciniatum ; it was not to be found wild,
or anywhere except in the Heidelberg garden. But from the
first this new cut-leaved celandine proved constant from seed.
It has been naturalised in England and other countries, and is
sometimes now found as an “ escape.” Its origzin by mutaticn
seems as certain as its constancy. It is further of interest to
note that in crosses with C. majus it follows the law of Mendel.

Summary.—De Vries has done great service in analysing the
complex concept of variation ; in sharply contrasting individual
fluctuations and mutations ; in defining “ elementary species,”
“retrograde varieties,” and “ ever-sporting varieties”’ ; in ob-
serving the actual origin by mutation of stable new varieties or
subspecies of (Enothera lamarckiana and some other plants; in
showing by historical research combined with experiment that
many stable stocks of cultivated plants have arisen by mutation ;
and by corroborating throughout the fundamental idea that  the
characters of organisms are composed of units sharply distin-
guished from one another.”

The contrast between fluctuations and mutations is so impor-
tant that we may state it once more. (1) Fluctuations are
continually occurring generation after generation : mutations are
rare and occur intermittently. (2) Fluctuations give rise to a
series of minute differences which may be arranged on a frequency
curve, according to the laws of chance : mutations may be large
or small, and their occurrences do not illustrate any ascertained
law of frequency. (3) Fluctuations do not lead to a permanent
change in the mean of the species unless there be very rigorous
selection, and even then, if the selection be slackened, there is
regression to the old mean: mutations lead per saltum to a new
specific position, and there is no regression to the old mean.

* 7
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(4) Fluctuations do not yield anything really new, they imply a
little more or a little less of characters already present : mutations
are novelties, they imply some new pattern, some new position of
organic equilibrium. According to De Vries’s theory, no new
species can be established without mutation. “When a muta-
tion has occurred a new species is already in existence, and will
remain in existence, unless all the progeny of the mutation are
destroyed.” . . . The phrase “survival of the fittest,” as de-
scribing a process of evolution, ought to be replaced by “ survival
of the fittest species.” According to De Vries, species originate
by mutation instead of by the continuous selection of fluctuations.
‘““ Natural Selection may explain the survival of the fittest, but it
cannot explain the arrival of the fittest.”

In regard to these far-reaching conclusions it should be noted
that while De Vries has given much convincing evidence in regard
to plants, we have as yet very slight evidence of the origin of
species of animals by mutation. We know of many discontinuous
variations among animals, but the subsequent history of these is
. not known except in a few cases, It must be remembered that,
morphologically regarded, the whole vegetable kingdom does not
correspond to more than the first three or four phyla in the animal
kingdom—to the Protozoa, Porifera, and Ceelentera, where, as in
plants, the contrast between germ-plasm and somatoplasm has not
been accentuated, as it is in higher animals. It is quite conceiv-
able that a mode of evolution common among plants may be rare
among animals. It is difficult at present to apply the mutation
concept with security to the animal kingdom.

The idea of mutation is very welcome because it lessens the
burden which it has been found theoretically necessary to lay on
the shoulders of the selection hypothesis, and because it fits in well
with the a priori convictions which some naturalists have as to
the autonomy of the organism, that it is as much a self-changing
insurgent Proteus as a pawn in a game which the Environment
plays. But because it is so welcome, it is to be entertained




VARIATION IN HARTS TONGUE FERN

Fi1G. 22.—Mautations of Hart's Tongue Fern (Scolopendrium vulgare) After Lowe.
I, Typical ; 2, variety sagittato-cristatom ; 8, reniforme ; 4, cristatum ; 5, contractum ; 6, stansfieldii.
[ Facing p.98
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the more cautiously. An authority on domesticated animals,
Prof. Keller of Ziirich, finds but little evidence of it in the history
of the well-known stocks.

It seems to us that in emphasising the importance of mutations
De Vries has swung to the extreme of greatly depreciating the
importance of fluctuations. Until we know more about animal
mulations, it does not seem to us legitimate to deny that fluc-
tuations may form, as Darwin believed, an important part of
the raw material on which selection operates.

We cannot but regard with suspicion the distinction between
large fluctuations and small mutations, It scems to us a verbal
distinction.

Finally, it must be remembered that, as De Vries frankly
points out, we are ignorant in regard to the conditions in which
mutations occur. The Mutation Theory docs not as yet give
us a theory of mutations.

““ Pure Lines.””—The position held by De Vries has been strength-
ened by the work of Johannsen and Jennings on *‘ pure lines.”’ If we
succeed in starting a ** pure line ’—** the progeny of a single self-
fertilised homozygous plant'—say an innately exceptional bean-plant
with very large seeds, we shall find slight individual differences in the
size of the beans from generation to generation ; if we take the biggest
and the smallest of these and start afresh, we find that their progeny
are neither larger nor smaller than the average. The original bigness
was a fixed mutation ; the other differences were probably mere
modifications and non-transmissible. If we take a considerable
number of the largest beans and the smallest beans from a field and
sow them, we are likely to get in the progeny of the former a larger
average size than in the progeny of the latter, for we are almost sure
to have started with a number of beans which are innately (not modi-
ficationally) large-sizcd and small-sized. What Johannsen did for
the bean and some other plants, Jennings has done for the slipper-
animalcule, Paramcecium. He isolated eight pure lines differing in
average sizc, and found that he made no progress by selecting the
largest in an established large pure line, the exceptional largeness
being probably the accidental result of peculiar nurture. Selection
from a mixed population, however, resulted, as in the case of the
beans, in a distinctly altered average size,



100 HEREDITY AND VARIATION

The experiments were made with consummate carefulness, but it is
difficult to accept the idea of the rigid fixity of the hereditary char-
acters in a pure line, It may be that in some cases, such as beans,
the viable limit of size has been reached. It may also be that the
variational steps that count do not cccur often. Perhaps some time
must elapsc before the organism takes another step.

Prof. Castle asks: *‘ Is it not possible that along with the striking
size differences due to nutrition there may occur also slight size
differences due to germinal variation within the pure line, that is
owing to variations in the potency of the same unit-character or com-
bination of unit-characters ? "’ And he points to Woltereck's success-
ful selecting-out of a variation in a parthenogenetic pure line of the
water-flea, Hyalodaphnia. He selected forms which showed the ex-
ceptional occurrence of a rudimentary eye, and definitely increascd
the degree of development of that organ and the frequency of its

occurrence (up to go per cent.).
In short, it is premature to abdndon belief in the efficacy of
selection even in pure lines.

§ 8. Causes of Variation

In regard to the causes of variation it is too soon to speak,
except in tentative whispers. What Darwin said must still
be said: “ Our ignorance of the laws of variation is profound.
Not in one case out of a hundred can we pretend to assign any
reason why this or that part has varied.”

Yariability.—The difficulty which every naturalist has felt in
trying to define the concepts of variability and variation is due to
the fact that living creatures are individualities—in some degree,
personalities. In the ocean of matter and energy organisms are,
as it were, whirlpools, each one with a particular character of its
own. They are animate systems, each with a unity or individu-
ality which we cannot fully interpret. They have the power—
again an ultimate prerogative—of giving rise to other whirlpools,
to other animate systems, which tend to be like themselves. But
because each organism is a very complex whirlpool in a very com-
plex environment, and because a living individuality cannot
reproduce others without subtle molccular manceuvres which we
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know only in a far-off sort of way, one individuality is very un-
likely to reproduce an absolute facsimile of itself. It is of the very
essence of a living thing to change, and an individuality cannot be
halved. From this point of view, variation is a primarily normal
occurrence, and breeding true has secondarily come about as the
result of restriction. In short, variability is a primeval character
of organisms. We cannot explain variability ; it is a datum in
the world of life. We may, however, try to show in certain 