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PREFACE

ATURAL Selection is not Evolution. Yet, ever since the two

words have been in common use, the theory of Natural Selection
has been employed as a convenient abbreviation for the theory of
Evolution by means of Natural Selection, put forward by Darwin
and Wallace. This has had the unfortunate consequence that the
theory of Natural Selection itself has scarcely ever, if ever, received
separate consideration. To draw a physical analogy, the laws of con-
duction of heat in solids might be deduced from the principles of
statistical mechanics, yet it would have been an unfortunate limita-
tion, involving probably a great deal of confusion, if statistical
mechanics had only received consideration in connexion with the
conduction of heat. In this case it is clear that the particular physical
phenomena examined are of little theoretical interest compared to
the principle by which they can be elucidated. The overwhelming
importance of evolution to the biological sciences partly explains
why the theory of Natural Selection should have been so fully identi-
fied with its role as an evolutionary agency, as to have suffered neglect
as an independent principle worthy of scientific study.

The other biological theories which have been put forward, either
as auxiliaries, or as the sole means of organic evolution, are not quite
in the same position. For advocates of Natural Selection have not
failed to point out, what was evidently the chief attraction of the
theory to Darwin and Wallace, that it proposes to give an account
of the means of modification in the organic world by reference only
to ‘known’, or independently demonstrable, causes. The alternative
theories of modification rely, avowedly, on hypothetical properties
of living matter which are inferred from the facts of evolution them-
selves. Yet, although this distinction has often been made clear, its
logical cogency could never be fully developed in the absence of a
separate investigation of the independently demonstrable modes of
causation which are claimed as its basis. The present book, with all
the limitations of a first attempt, is at least an attempt to consider
the theory of Natural Selection on its own merits,

When the theory was first put forward, by far the vaguest element
in its composition was the principle of inheritance. No man of learn-
ing or experience could deny this principle, yet, at the time, no

approach could be given to an exact account of its working. That an
8653 b



viii PREFACE
independent study of Natural Selection is now possible is principally
due to the great advance which our generation has seen in the science
of genetics. It deserves notice that the first decisive experiments,
which opened out in biology this field of exact study, were due to
a young mathematician, Gregor Mendel, whose statistical interests
extended to the physical and biological sciences. It is well known
that his experiments were ignored, to his intense disappointment,
and it is to be presumed that they were never brought under the
notice of any man whose training qualified him to appreciate their
importance. It is no less remarkable that when, in 1900, the genetic
facts had been rediscovered by De Vries, Tschermak, and Correns, and
the importance of Mendel’s work was at last recognized, the principal
opposition should have been encountered from the small group of
mathematical statisticians then engaged in the study of heredity.
The types of mind which result from training in mathematics and
in biology certainly differ profoundly; but the difference does not
seem to lie in the intellectual faculty. It would certainly be a mistake
to say that the manipulation of mathematical symbols requires more
intellect than original thought in biology; on the contrary, it seems
much more comparable to the manipulation of the microscope and
its appurtenances of stains and fixatives; whilst original thought in
both spheres represents very similar activities of an identical faculty.
This accords with the view that the intelligence, properly speaking,
is little influenced by the effects of training. What is profoundly
susceptible of training is the imagination, and mathematicians and
biologists seem to differ enormously in the manner in which their
imaginations are employed. Most biologists will probably feel that
this advantage is all on their side. They are introduced early to the
immense variety of living things; their first dissections, even if only
of the frog or dog fish, open up vistas of amazing complexity and
interest, at the time when the mathematician seems to be dealing
only with the barest abstractions, with lines and points, infinitely
thin laminae, and masses concentrated at ideal centres of gravity.
Perhaps I can best make clear that the mathematician’s imagination
also has been trained to some advantage, by quoting a remark
dropped casually by Eddington in a recent book—
‘We need scarcely add that the contemplation in natural science of a
wider domain than the actual leads to a far better understanding of the
actual.’ (p. 267, The Nature of the Physical World.)
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For a mathematician the statement is almost a truism. From a
biologist, speaking of his own subject, it would suggest an extra-
ordinarily wide outlook. No practical biologist interested in
sexual reproduction would be led to work out the detailed con-
sequences experienced by organisms having three or more sexes;
yet what else should he do if he wishes to understand why the sexes
are, in fact, always two? The ordinary mathematical procedure in
dealing with any actual problem is, after abstracting what are
believed to be the essential elements of the problem, to consider it
as one of a system of possibilities infinitely wider than the actual,
the essential relations of which may be apprehended by generalized
reasoning, and subsumed in general formulae, which may be applied
at will to any particular case considered. Even the word possibilities
in this statement unduly limits the scope of the practical procedures
in which he is trained ; for he is early made familiar with the advan-
tages of imaginary solutions, and can most readily think of a wave, or
an alternating current, in terms of the square root of minus one.
The most serious difficulty to intellectual co-operation would seem
to be removed if it were clearly and universally recognized that the
essential difference lies, not in intellectual methods, and still less
in intellectual ability, but in an enormous and specialized extension
of the imaginative faculty, which each has experienced in relation
to the needs of his special subject. I can imagine no more beneficial
change in scientific education than that which would allow each to
appreciate something of the imaginative grandeur of the realms of
thought explored by the other.

In the future, the revolutionary effect of Mendelism will be secn
to flow from the particulate character of the hereditary elements.
On this fact a rational theory of Natural Selection can be based, and
it is, therefore, of enormous importance. The merit for this discovery
must mainly rest with Mendel, whilst among our countrymen, Bateson
played the leading part in its early advocacy. Unfortunately he was
unprepared to recognize the mathematical or statistical aspects of
biology, and from this and other causes he was not only incapable
of framing an evolutionary theory himself, but entirely failed to see
how Mendelism supplied the missing parts of the structure first
erected by Darwin. His interpretation of Mendelian facts was from
the first too exclusively coloured by his earlier belief in the dis-
continuous origin of specific forms. Though his influence upon
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evolutionary theory was thus chiefly retrogressive, the mighty body
of Mendelian researches throughout the world has evidently out-
grown the fallacies with which it was at first fostered. As a pioneer of
genetics he has done more than enough to expiate the rash polemics
of his early writings.

To treat Natural Selection as an agency based independently on
its own foundations is not to mimimize its importance in the theory
of evolution. On the contrary, as soon as we require to form opinions
by other means than by comparison and analogy, such an indepen-
dent deductive basis becomes a necessity. This necessity is particu-
larly to be noted for mankind ; since we have some knowledge of the
structure of society, of human motives, and of the vital statistics of
this species, the use of the deductive method can supply a more
intimate knowledge of the evolutionary processes than is elsewhere
possible. In addition it will be of importance for our subject to call
attention to several consequences of the principle of Natural Selection
which, since they do not consist in the adaptive modification of specific
forms, have necessarily escaped attention. The genetic phenomena of
dominance and linkage seem to offer examples of this class, the future
investigation of which may add greatly to the scope of our subject.

No efforts of mine could avail to make the book easy reading.
I have endeavoured to assist the reader by giving short summaries
at the ends of all chapters, except Chapter 1V, which is summarized
conjointly with Chapter V. Those who prefer to do so may regard
Chapter IV as a mathematical appendix to the corresponding part
of the summary. The deductions respecting Man are strictly in-
separable from the more general chapters, but have been placed
together in a group commencing with Chapter VIII. I believe no
one will be surprised that a large number of the points considered
demand a far fuller, more rigorous, and more comprehensive treat-
ment. It seems impossible that full justice should be done to the
subject in this way, until there is built up a tradition of mathematical
work devoted to biological problems, comparable to the researches
upon which a mathematical physicist can draw in the resolution of

special difficulties.
R.A.F.
ROTHAMSTED, June 1929.
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DESCRIPTION OF COLOURED PLATES
PLATE I
Frontispiece

AUl the figures are of the natural size.

Fic. 1. Abispa (Monerebia) ephippium, Fab., a common member of the
predominant group of Australian wasps, characterized by a dark
brownish-orange ground-colour and the great size and reduced number
of the black markings. They are mimicked by many other insects of
different groups including bees, flies, moths, and numerous beetles. That
the resemblance may be produced by quite different methods is illus-
trated in Figs. 2 and 3.

Fi1e. 2. Tragocerus formosus, Pascoe, a Longicorn beetle. Almost the
whole of the mimetic pattern is developed ‘on the elytra or wing-covers
which hide the unwasplike abdomen, shown from above in Fig. 2a.
Free movement of the wings is permitted by an arched excavation in the
side of each wing-cover.

Fic. 3. Esthesis ferrugineus, Macleay. Another Longicorn beetle in which
the mimetic pattern is developed on the abdomen itself ; the wing-covers
are reduced to small rounded scales, thus freeing the wings, but at the
same time exposing the abdomen.

F16. 4. Heliconius erato erato, Linn., a distasteful tropical American butter-
fly with a conspicuous pattern beautifully mimicked by the day-flying
Hypsid moth represented below.

F16. 5. Pericopis phyleis, Druce. This moth and its butterfly model were
taken in Peru. The striking mimetic resemblance does not extend to the
antennae, which are threadlike and inconspicuous in the model.

F16. 6. Methona confusa, Butler, another tropical American butterfly
captured with one of its moth mimics (Fig. 7) in Paraguay. In this
butterfly and its allies, the antennae are rendered conspicuous by
terminal orange knobs, resembled by many of the mimics in different
groups of butterflies and moths.

Fia. 7. Castnia linus, Cramer. The antennal knobs of this day-flying moth,
in spite of the marked resemblance, possess a form quite different from
those of the model, but one characteristic of the Castniidae. This
example of mimetic likeness to a normally inconspicuous feature, here
%Toeptifnally emphasized, may be compared with Figs. 1, 14-3, 34 on

ate II.

This model and mimic also illustrate, as do Figs. 1-3, the different
methods by which the resemblance may be obtained. The pale trans-
parent areas of the model are produced by the great reduction in the
size of the scales ; in the mimic, without reduction, by their transparency
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and by their being set at a different angle so that the light passes between
them. The important mimetic association illustrated by Figs. 6 and 7
includes numerous other species belonging to several distantly related
groups of butterflies and moths, and among these transparency is
attained by various different methods.

PLATE II
Facing p. 156

Fias. 1-3. The head of the abundant East African Acraeine butterfly
Acraea zetes acara, Hew., as seen from the front (1), from above (2) and
the side (3), showing that the palpi, which are inconspicuous in most
butterflies, are a prominent feature with their orange colour displayed
against the black background.

Fies. 1a-3a. Similar aspects of the head of the Nymphaline butterfly
Pseudacraea botsduvali trimenis, Butler, a mimic of 4. z. acara and found
in the same part of Africa. It is evident that the resemblance here ex-
tends to the exceptionally emphasized feature, as was observed in the
American examples shown in Figs. 6 and 7 of Plate I.

Fig. 4. Danaida tytia, Gray, a conspicuous Oriental Danaine butterfly
taken with its mimic (Fig. 5) in the Darjiling district.

Fia. 5. Papilio agestor, Gray, a swallowtail butterfly mimicking the pattern
of tytia.

Fic. 8. Neptis imitans, Oberth., a Nymphaline butterfly from S. W. China,
mimicking the geographical form of D. tytia which is found in the same
area.

Thus these two butterflies of widely separated groups both mimic this
peculiar Danaine pattern.

The butterflies and moths here represented illustrate by single examples
the widespread mimicry of the chief distasteful families in the tropics—on
Plate I the Ithomiinae (Fig. 6) and Heliconinae (Fig. 4) of the New World ;
on Plate II, the Danainae (Fig. 5), and Acraeinae (Figs. 1-3) of the Old.



I
THE NATURE OF INHERITANCE

The consequences of the blending theory, as drawn by Darwin. Difficulties felt by
Darwin. Particulate inheritance. Conservation of the variance. Theories of evolution
worked by mutations. Isallinheritance particulate? Nature and frequency of observed
mutations.

But at present, after drawing up a rough copy on this subject, my conclusion
18 that external conditions do extremely little, except in causing mere variability.
This mere variability (causing the child not closely to resemble its parent)
I look at as very different from the formation of a marked variety or new
species. DARWIN, 1856. (Life and Letters, ii, 87.)

As Samuel Butler so lruly said : ‘To me it seems that the *Origin of

I

Variation” , whatever it is, s the only true *“ Origin of Species ’.” W. BATESON,
1909.

The consequences of the blending theory

TuaTr Charles Darwin accepted the fusion or blending theory of
inheritance, just as all men accept many of the undisputed beliefs
of their time, is universally admitted. That his acceptance of this
theory had an important influence on his views respecting variation,
and consequently on the views developed by himself and others on
the possible causes of organic evolution, was not, I think, apparent
to himself, nor is it sufficiently appreciated in our own times. In the
course of the present chapter I hope to make clear the logical con-
sequences of the blending theory, and to show their influence, not
only on the development of Darwin’s views, but on the change of
attitude towards these, and other suppositions, necessitated by the
acceptance of the opposite theory of particulate inheritance.

It is of interest that the need for an alternative to blending in-
heritance was certainly felt by Darwin, though probably he never
worked out a distinct idea of a particulate theory. In a letter to
Huxley probably dated in 1857 occur the sentences (More Letters,
vol. i, Letter 57).

Approaching the subject from the side which attracts me most, viz.,
inheritance, I have lately been inclined to speculate, very crudely and
indistinetly, that propagation by true fertilization will turn out to be
a sort of mixture, and not true fusion, of two distinct individuals, or

rather of innumerable individuals, as each parent has its parents and
3658 B
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THE NATURE OF INHERITANCE

ancestors. I can understand on no other view the way in which crossed
forms go back to so large an extent to ancestral forms. But all this, of
course, is infinitely crude.

The idea apparently was never developed, perhaps owing to the
rush of work which preceded and followed the publication of the
Origin. Certainly he did not perceive that the arguments on varia-
tion in his rough essays of 1842 and 1844, which a year later (1858)
he would be rewriting in the form of the first chapter of the Origin,
would on a particulate theory have required him entirely to recast
them. The same views indeed are but little changed when ‘The causes
of variability’ came to be discussed in Chapter XXII of Variation of
Animals and Plants published in 1868.

The argument which can be reconstructed from these four sources
may be summarized as follows:

(@)
(®)
(©)

@)
(e)

0

with blending inheritance bisexual reproduction will tend
rapidly to produce uniformity ;

if variability persists, causes of new variation must be con-
tinually at work;

the causes of the great variability of domesticated species, of
al]l kinds and in all countries, must be sought for in the condi-
tions of domestication ;

the only characteristics of domestication sufficiently general
to cover all cases are changed conditions and increase of food ;
some changes of conditions seem to produce definite and
regular effects, e. g. increased food causes (hereditary) increase
in size, but the important effect is an indefinite variability in
all directions, ascribable to a disturbance, by change of condi-
tions, of the regularity of action of the reproductive system ;
wild species also will occasionally, by geological changes, suffer
changed conditions, and occasionally also a temporary increase
in the supply of food; they will therefore, though perhaps
rarely, be caused to vary. If on these occasions no selection is
exerted the variations will neutralize one another by bisexual
reproduction and die away, but if selection is acting, the
variations in the right direction will be accumulated and a per-
manent evolutionary change effected.

To modern readers this will seem a very strange argument with
which to introduce the case for Natural Selection ; all that is gained



THE NATURE OF INHERITANCE 3
by it is the inference that wild as well as domesticated species will at
least occasionally present heritable variability. Yet it is used to
introduce the subject in the two essays and in the Origin. It should
be remembered that, at the time of the essays, Darwin had little
direct evidence on this point; even in the Origin the second chapter
on ‘Variation under Nature’ deals chiefly with natural varieties
sufficiently distinct to be listed by botanists, and these were certainly
regarded by Darwin not as the materials but as the products of
evolution. During the twenty-six years between 1842 and 1868 evi-
dence must have flowed in sufficiently at least to convince him that
heritable variability wasas widespread, though not nearlyas extensive,
in wild as in domesticated species. The line of reasoning in question
seems to have lost its importance sufficiently for him to introduce the
subject in 1868 (Variation, Chapter XX1I) with the words ‘“The sub-
ject is an obscure one ; but it may be useful to probe our ignorance.’

It is the great charm of the essays that they show the reasons
which led Darwin to his conclusions, whereas the later works often
only give the evidence upon which the reader is to judge of their
truth. The antithesis is not so heterodox as it sounds, for every
active mind will form opinions without direct evidence, else the
evidence too often would never be collected. Impartiality and
scientific discipline come in in submitting the opinions formed to as
much relevant evidence as can be made available. The carlier steps
in the argument set out above appear only in the two essays, while
the conclusions continue almost unchanged up to the Variation of
Animals and Plants. Indeed the first step (a), logically the most
important of all, appears explicitly only in 1842. In 1844 it is clearly
implied by its necessary consequences. I believe its significance for
the argument of the Origin, would scarcely ever be detected from
a study only of that book. The passage in the 1842 MS. is (Founda-
tions, p. 2):

Each parent transmits its peculiarities, therefore if varieties allowed

freely to cross, except by the chance of two characterized by same

peculiarity happening to marry, such varieties will be constantly de-
molished. All bisexual animals must cross, hermaphrodite plants do

cross, it seems very possible that hermaphrodite animals do cross—
conclusion strengthened :

together with a partly illegible passage of uncertain position,

If individuals of two widely different varieties be allowed to cross,
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a third race will be formed—a most fertile source of the variation in
domesticated animals. If freely allowed, the characters of pure parents
will be lost, number of races thus [illegible] but differences [ ?] besides
the [illegible]. But if varieties differing in very slight respects be allowed
to cross, such small variation will be destroyed, at least to our senses—
a variation just to be distinguished by long legs will have offspring not
to be so distinguished. Free crossing great agent in producing uni-
formity in any breed.

The proposition is an important one, marking as it does the great
contrast between the blending and the particulate theories of in-
heritance. The following proof establishes it in biometrical terms.

Let z and y represent the deviations in any measurement of the
two parents from the specific mean; if the measurement is affected
not only by inheritance, but by non-heritable (environmental)
factors also, x and y stand for the heritable part of these deviations.
The amount of variability present in any gencration of individuals
will be measured by the variance, defined as the mean value of the
square of x, or of y. In purely blending inheritance the heritable
portions of the deviations of the offspring will be, apart from muta-
tions, equal to }(x +y); in the absence of such mutations, therefore,
the variance of the progeny generation will be the mean value of
1(? + 22y +y?).

The mean values of z and y are both zero, since they are both
defined as deviations from the mean of the species ; consequently, in
the absence of selective mating, the mean value of xy is also zero, and
the variance of the progeny generation is found to be exactly half the
variance of the parental generation. More generally the ratio is not }
but 4(1+7), where r is the correlation between z and y. r cannot
exceed unity, else the average value of the positive quantities (x-y)?
would have to be negative, and can only be unity, if they are all zero,
that is, if the size of each individual prescribes exactly the size of its
possible mates. Darwin’s ‘except by the chance of two individuals
characterized by same peculiarities happening to marry’ is his way
of rejecting high correlations as improbable.

The effect of correlation between mates is to hasten, if the correla-
tion is negative, or to retard if positive, the tendency of blending
inheritance to reduce the variance ; such effects are not of importance,
for even if the correlation were as high as 0-5, and mates had to be
as much alike as parent and child usually are, the rate of decay would
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be little more than halved. The important consequence of the blend-
ing is that, if not safeguarded by intense marital correlation, the
heritable variance is approximately halved in every generation. To
maintain a stationary variance fresh mutations must be available in
each generation to supply the half of the variance so lost. If vari-
ability persists, as Darwin rightly inferred, causes of new variability
must continually be at work. Almost every individual of each genera-
tion must be a mutant, i. e. must be influenced by such causes, and
moreover must be a mutant in many different characters.

An inevitable inference of the blending theory is that the bulk of
the heritable variance present at any moment is of extremely recent
origin. One half is new in each generation, and of the remainder one
half is only one generation older, and so on. Less than one-thousandth
of the variance can be ten generations old; even if by reason of
selective mating we ought to say twenty generations, the general
conclusion is the same ; the variability of domesticated species must
be ascribed by any adherent of the blending theory to the conditions
of domestication as they now exist. If variation is to be used by the
human breeder, or by natural selection, it must be snapped up at
once, soon after the mutation has appeared, and before it has had
time to dic away. The following passage from the 1844 essay shows
that Darwin was perfectly clear on this point (pp. 84-6).

Let us then suppose that an organism by some chance (which might
be hardly repeated in 1,000 years) arrives at a modern volcanic island
in process of formation and not fully stocked with the most appropriate
organisms ; the new organism might readily gain a footing, although the
external conditions were considerably different from its native ones.
The effect of this we might expect would influence in some small degree
the size, colour, nature of covering, &c., and from inexplicable influences
even special parts and organs of the body. But we might further (and
this is far more important) expect that the reproductive system would
be affected, as under domesticity, and the structure of the offspring
rendered in some degree plastic. Hence almost every part of the body
would tend to vary from the typical form in slight degrees, and in no
determinate way, and therefore without selection the free crossing of
these small variations (together with the tendency to reversion to the
original form) would constantly be counteracting this unsettling effect
of the extraneous conditions on the reproductive system. Such, I con-
ceive, would be the unimportant result without selection. And here
I must observe that the foregoing remarks are equally applicable to








































































































































































































































































































































































































































































































































































































































































































































































































































































