

































































































































































































































































































































































































































































































































































































































































































































































EVOLUTION BY NATURAL SELECTION

structure of almost every inhabitant of this world, both in
long past and present times—being best developed and often
only discoverable at a very early embryonic period, and being
full of signification in arranging the long series of organie
beings in a natural system—these wonderful facts not only re-
ceive a simple explanation on the theory of long-continued
selection of many species from a few common parent-stocks,
but necessarily follow from this theory. If this theory be re-
jected, these facts remain quite inexplicable; without indeed
we rank as an explanation such loose metaphors as that of de
Candolle’s,? in which the kingdom of nature is compared to a
well-covered table, and the abortive organs are considered as
put in for the sake of symmetry !

The metaphor of the dishes is given in the Sketch of 1842, p. 83.
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CHAPTER X
RECAPITULATION AND CONCLUSION

RECAPITULATION

I will now recapitulate the course of this work, more fully
with respect to the former parts, and briefly as to the latter.
In the first chapter we have seen that most, if not all, organic
beings, when taken by man out of their natural condition, and
bred during several generations, vary; that is variation is
partly due to the direct effect of the new external influences,
and partly to the indirect effect on the reproductive system
rendering the organization of the offspring in some degree
plastic. Of the variations thus produced, man when uncivil-
ized naturally preserves the life, and therefore unintentionally
breeds from those individuals most useful to him in his differ-
ent states: when even semi-civilized, he intentionally separates
and breeds from such individuals. Every part of the structure
seems occasionally to vary in a very slight degree, and the
extent to which all kinds of peeculiarities in mind and body,
when congenital and when slowly acquired either from exter-
nal influences, from exercise, or from disuse are inherited, 1s
truly wonderful. When several breeds are once formed, then
crossing is the most fertile source of new breeds.! Variation
must be ruled, of course, by the health of the new race, by the
tendency to return to the ancestral forms, and by unknown
laws determining the proportional increase and symmetry of
the body. The amount of variation, which has been effected
under domestication, is quite unknown in the majority of
domestic beings.

In the second chapter it was shown that wild organisms
undoubtedly vary in some slight degree: and that the kind of
variation, though much less in degree, is similar to that of

I Compare however Darwin’s later view : “The possibility of making distinct
races by crossing has been greatly exaggerated’, Origim, 1st ed. p. 20, 6th ed.
p- 19. The author’s change of opinion was no doubt partly due to his experi-

ence in breeding pigeons.
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domestic organisms. It is highly probable that every organic
being, if subjected during several generations to new and
varying conditions, would vary. It is certain that organisms,
living in an iselated country which is undergoing geological
changes, must in the course of time be so subjected to new
conditions; moreover an organism, when by chance trans-
ported into a new station, for instance into an island, will
often be exposed to new conditions, and be surrounded by a
new series of organic beings. If there were no power at work
selecting every slight variation, which opened new sources of
subsistence to a being thus situated, the effects of crossing, the
chance of death and the constant tendency to reversion to the
old parent-form, would prevent the production of new races,
If there were any selective agency at work it seems impossible
to assign any limit! to the complexity and beauty of the adap-
tive structures, which might thus be produced: for certainly
the limit of possible variation of organic beings, either in a
wild or domestic state, is not known.

It was then shown, from the geometrically increasing ten-
dency of each species to multiply (as evidenced from what we
know of mankind and of other animals when favoured by eir-
cumstances), and from the means of subsistence of each species
on an average remaining constant, that during some part of the
life of each, or during every few generations, there must be a
severe struggle for existence; and that less than a grain® in
the balance will determine which individuals shall live and
which perish. In a country, therefore, undergoing changes,
and cut off from the free immigration of species better adapted
to the new station and conditions, it cannot be doubted that
there is a most powerful means of selection, fending to preserve
even the slightest variation, which aided the subsistence or
defence of those organic beings, during any part of their
whole existence, whose organization had been rendered
plastic. Moreover, in animals in which the sexes are distinet,

! In the Origin, 1st ed. p. 469, 6th ed. p. 538, Darwin makes a strong state-
ment to this effect.

? “A grain in the balance will determine which individual shall live and
which shall die’, Origin, 1st ed. p. 467, 6th ed. p. 537. A similar statement
occurs in the 1842 Sketch, p. 47, note 3.
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there is a sexual struggle, by which the most vigorous, and
consequently the best adapted, will oftener procreate their
kind.

A new race thus formed by natural selection would be un-
distinguishable from a species. For comparing, on the one
hand, the several species of a genus, and on the other hand
several domestic races from a common stock, we cannot dis-
criminate them by the amount of external difference, but
only, first, by domestic races not remaining so constant or
being so ‘true’ as species are; and secondly by races always
producing fertile offspring when crossed. And it was then
shown that a race naturally selected—from the variation
being slower—from the selection steadily leading towards the
same ends,! and from every new slight change in structure
being adapted (as is implied by its selection) to the new con-
ditions and being fully exercised, and lastly from the freedom
from ocecasional crosses with other species, would almost neces-
sarily be ‘truer’ than a race selected by ignorant or capricious
and short-lived man, With respect to the sterility of species
when crossed, it was shown not to be a universal character,
and when present to vary in degree: sterility also was shown
probably to depend less on external than on constitutional
differences. And it was shown that when individual animals
and plants are placed under new conditions, they become,
without losing their healths, as sterile, in the same manner
and to the same degree, as hybrids; and it is therefore conceiv-
able that the cross-bred offspring between two species, having
different constitutions, might have its constitution affected
in the same peculiar manner as when an individual animal or
plant is placed under new conditions. Man in selecting domes-
tic races has little wish and still less power to adapt the whole
frame to new conditions; in nature, however, where each species
survives by a struggle against other species and external
nature, the result must be very different.

Races descending from the same stock were then compared
with species of the same genus, and they were found to present

1 Thus according to the author what is now known as orthogenesis is due to
selection.
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some striking analogies. The offspring also of races when
crossed, that is mongrels, were compared with the cross-bred
offspring of species, that is hybrids, and they were found to
resemble each other in all their characters, with the one ex-
ception of sterility, and even this, when present, often becomes
after some generations variable in degree. The chapter was
summed up, and it was shown that no ascertained limit to the
amount of variation is known; or could be predicted with due
time and changes of condition granted. It was then admitted
that although the production of new races, undistinguishable
from true species, is probable, we must look to the relations in
the past and present geographical distribution of the infinitely
numerous beings, by which we are surrounded—to their
affinities and to their structure—for any direct evidence.

In the third chapter the inheritable variations in the mental
phenomena of domestic and of wild organic beings were con-
sidered. It was shown that we are not concerned in this work
with the first origin of the leading mental qualities; but that
tastes, passions, dispositions, consensual movements, and habits
all became, either congenitally or during mature life, modified,
and were inherited. Several of these modified habits were
found to correspond in every essential character with true
instinets, and they were found to follow the same laws. In-
stinets and dispositions, ete., are fully as important to the
preservation and increase of a species as its corporeal structure
and therefore the natural means of selection would act on and
modify them equally with corporeal structures. This being
granted, as well as the proposition that mental phenomena
are variable, and that the modifications are inheritable, the
possibility of the several most complicated instincts being
slowly acquired was considered, and it was shown from the
very imperfect series in the instinets of the animals now exist-
ing, that we are not justified in prima facie rejecting a
theory of the common descent of allied organisms from the
difficulty of imagining the transitional stages in the various
now most complicated and wonderful instinets. We were thus
led on to consider the same question with respect both to
highly complicated organs, and to the aggregate of several
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such organs, that is individual organic beings; and it was
shown, by the same method of taking the existing most im-
perfect series, that we ought not at once to reject the theory,
because we cannot trace the transitional stages in such organs,
or conjecture the transitional habits of such individual species.

In Part n' the direct evidence of allied forms having
descended from the same stock was discussed. It was shown
that this theory requires a long series of intermediate forms
between the species and groups in the same classes—forms
not directly intermediate between existing species, but inter-
mediate with a common parent. It was admitted that if even
all the preserved fossils and existing species were collected,
such a series would be far from being formed; but it was
shown that we have not good evidence that the oldest known
deposits are contemporaneous with the first appearance of
living beings; or that the several subsequent formations are
nearly consecutive; or that any one formation preserves a
nearly perfect fauna of even the hard marine organisms, which
lived in that quarter of the world. Consequently, we have no
reason to suppose that more than a small fraction of the
organisms which have lived at any one period have ever been
preserved; and hence that we ought not to expect to discover
the fossilized sub-varieties between any two species. On the
other hand, the evidence, though extremely imperfeet, drawn
from fossil remains, as far as it does go, is in favour of such a
series of organisms having existed as that required. This want
of evidence of the past existence of almost infinitely numerous
intermediate forms, is, I conceive, much the weightiest diffi-
culty? on the theory of common descent; but I must think that
this is due to ignorance necessarily resulting from the imper-
fection of all geological records.

In the fifth chapter it was shown that new species gradually®

1 Part u begins with ch. 1v. See the Introduction, where the absence of
division into two parts (in the Origin) is discussed. ot

2 In the recapitulation in the last chapter of the Origin, 1st ed. p. 475, 6th
ed. p. 544, the author does not insist on this point as the weightiest difficulty
though he does so in 1st ed., p. 209, Itis pﬂﬁ-!-ilble that he had come to think
less of the difficulty in question: this was certainly the case when he wrote the
6th ed., see pp. 365, 377. :

3 The following words were inserted by the author, apparently to replace a
doubtful erasure; *The fauna changes singly’.
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appear, and that the old ones gradually disappear, from
the earth; and this strictly accords with our theory. The ex-
tinction of species seems to be preceded by their rarity; and
if this be so, no one ought to feel more surprise at a species
being exterminated than at its being rare. Every species which
is not increasing in number must have its geometrical tendency
to increase checked by some agency seldom accurately per-
ceived by us. Each slight increase in the power of this unseen
checking agency would cause a corresponding decrease in the
average numbers of that species, and the species would become
rarer: we feel not the least surprise at one species of a genus
being rare and another abundant; why then should we be
surprised at its extinetion, when we have good reason to be-
lieve that this very rarity is its regular precursor and cause.

In the sixth chapter the leading facts in the geographical
distribution of organic beings were considered—namely, the
dissimilarity in areas widely and effectually separated, of the
organic beings being exposed to very similar conditions (as
for instance, within the tropical forests of Africa and America,
or on the voleanic islands adjoining them). Also the striking
similarity and general relations of the inhabitants of the same
great continents, conjoined with a lesser degree of dissimilarity
in the inhabitants living on opposite sides of the barriers inter-
secting it—whether or not these opposite sides are exposed
to similar conditions. Also the dissimilarity, though in a still
lesser degree, in the inhabitants of different islands in the same
archipelago, together with their similarity taken as a whole
with the inhabitants of the nearest continent, whatever its
character may be. Again, the peculiar relations of alpine
floras; the absence of mammifers on the smaller isolated
islands; and the comparative fewness of the plants and other
organisms on islands with diversified stations: the connexion
between the possibility of occasional transportal from one
country to another, with an affinity, though not identity, of
the organic beings inhabiting them. And lastly, the clear and
striking relations between the living and the extinet in the
same great divisions of the world; which relation, if we look
very far backward, seems to die away. These facts, if we bear
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in mind the geological changes in progress, all simply follow
from the proposition of allied organic beings having lineally
descended from common parent-stocks. On the theory of
independent creations they must remain, though evidently
connected together, inexplicable and disconnected.

In the seventh chapter, the relationship or grouping of
extinct and recent species; the appearance and disappearance
of groups; the ill-defined objects of the natural classification,
not depending on the similarity of organs physiologically im-
portant, not being influenced by adaptive or analogical charac-
ters, though these often govern the whole economy of the
individual, but depending on any character which varies least,
and especially on the forms through which the embryo passes,
and, as was afterwards shown, on the presence of rudimentary
and useless organs. The alliance between the nearest species in
distinet groups being general and not especial; the close simi-
larity in the rules and objects in classifying domestic races and
true species. All these facts were shown to follow on the
natural system being a genealogical system.

In the eighth chapter, the unity of structure throughout
large groups, in species adapted to the most different lives,
and the wonderful metamorphosis (used metaphorically by
naturalists) of one part or organ into another, were shown to
follow simply on new species being produced by the selection
and inheritance of successive small changes of structure. The
unity of type is wonderfully manifested by the similarity of
structure, during the embryonic period, in the species of entire
classes. To explain this it was shown that the different races
of our domestic animals differ less, during their young state,
than when full grown; and consequently, if species are pro-
duced like races, the same fact, on a greater scale, might have
been expected to hold good with them. This remarkable law of
nature was attempted to be explained through establishing,
by sundry facts, that slight variations originally appear during
all periods of life, and that when inherited they tend to appear
at the corresponding period of life; according to these prin-
ciples, in several species descended from the same parent-
stock, their embryos would almost necessarily much more
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closely resemble each other than they would in their adult
state. The importance of these embryonic resemblances, in
making out a natural or genealogical classification, thus be-
comes at once obvious. The oceasional greater simplicity of
structure in the mature animal than in the embryo: the
gradation in complexity of the species in the great classes; the
adaptation of the larvae of animals to independent powers of
existence; the immense difference in certain animals in their
larval and mature states, were all shown on the above prin-
ciples to present no difficulty.

In the ninth chapter, the frequent and almost general
presence of organs and parts, called by naturalists abortive or
rudimentary, which, though formed with exquisite care, are
generally absolutely useless, though sometimes applied to uses
not normal—which cannot be considered as mere representa-
tive parts, for they are sometimes capable of performing their
proper function—which are always best developed, and some-
times only developed, during a very early period of life—and
which are of admitted high importance in classification—
were shown to be simply explicable on our theory of common
descent.

WHY DO WE WISH TO REJECT THE THEORY OF
COMMON DESCENT?

Thus have many general facts, or laws, been included under
one explanation; and the difficulties encountered are those
which would naturally result from our acknowledged ignor-
ance. And why should we not admit this theory of descent?!
Can it be shown that organic beings in a natural state are all
absolutely invariable? Can it be said that the limit of variation
or the number of varieties capable of being formed under
domestication are known? Can any distinet line be drawn
between a race and a species? To these three questions we may
certainly answer in the negative. As long as species were
thought to be divided and defined by an impassable barrier of
sterility, whilst we were ignorant of geology, and imagined

! This question forms the subject of what is practically a section of the final
chapter of the Orrigin (1st ed. p. 480, 6th ed. p. 551).
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that the world was of short duration, and the number of its past
inhabitants few, we were justified in assuming individual crea-
tions, or in saying with Whewell that the beginnings of all
things are hidden from man. Why then do we feel so strong
an inclination to reject this theory—especially when the actual
case of any two species, or even of any two races, is adduced—
and one is asked, have these two originally descended from the
same parent womb? I believe it is because we are always slow
in admitting any great change of which we do not see the
intermediate steps. The mind cannot grasp the full meaning of
the term of a million or hundred million years, and eannot
consequently add up and perceive the full effects of small suc-
cessive variations accumulated during almost infinitely many
generations. The difficulty is the same with that which, with
most geologists, it has taken long years to remove, as when
Lyell propounded that great valleys! were hollowed out [and
long lines of inland eliffs had been formed] by the slow action
of the waves of the sea. A man may long view a grand preci-
pice without actually believing, though he may not deny it,
that thousands of feet in thickness of solid rock once extended
over many square miles where the open sea now rolls; without
fully believing that the same sea which he sees beating the
rock at his feet has been the sole removing power.

Shall we then allow that the three distinct species of Rhino-
ceros® which separately inhabit Java and Sumatra and the
neighbouring mainland of Malacca were created, male and
female, out of the inorganic materials of these countries?
Without any adequate cause, as far as our reason serves, shall
we say that they were merely, from living near each other,
created very like each other, so as to form a section of the
genus dissimilar from the African section, some of the species
of which sections inhabit very similar and some very dis-
similar stations? Shall we say that without any apparent
cause they were created on the same generic type with the
ancient woolly rhinoceros of Siberia and of the other species

L Origin, 1st ed. p. 481, 6th ed. p. 551. _ y
¢ The discussion on the three species of Rhinoceros which also occurs in the
Sketch of 1842, p. 83, was omitted in ch. x1v of the Origin, 1st ed.
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which formerly inhabited the same main division of the world:
that they were created, less and less closely related, but still
with interbranching affinities, with all the other living and
extinet mammalia? That without any apparent adequate
cause their short necks should contain the same number of
vertebrae with the giraffe; that their thick legs should be
built on the same plan with those of the antelope, of the
mouse, of the hand of the monkey, of the wing of the bat, and
of the fin of the porpoise. That in each of these species the
second bone of their leg should show clear traces of two bones
having been soldered and united into one; that the compli-
cated bones of their head should become intelligible on the
supposition of their having been formed of three expanded
vertebrae; that in the jaws of each when dissected young there
should exist small teeth which never come to the surface.
That in possessing these useless abortive teeth, and in other
characters, these three rhinoceroses in their embryonic state
should mueh more closely resemble other mammalia than they
do when mature. And lastly, that in a still earlier period of life,
their arteries should run and branch as in a fish, to carry the
blood to gills which do not exist. Now these three species of
rhinoceros closely resemble each other; more closely than
many generally acknowledged races of our domestic animals;
these three species if domesticated would almost certainly vary,
and races adapted to different ends might be selected out of
such variations. In this state they would probably breed
together, and their offspring would possibly be quite, and
probably in some degree, fertile; and in either case, by con-
tinued ecrossing, one of these specific forms might be absorbed
and lost in another. I repeat, shall we then say that a pair, or
a gravid female, of each of these three species of rhinoceros,
were separately created with deceptive appearances of true
relationship, with the stamp of inutility on some parts, and of
conversion in other parts, out of the inorganic elements of
Java, Sumatra and Malacca? or have they descended, like our
domestic races, from the same parent-stock? For my own
part I could no more admit the former proposition than I
could admit that the planets move in their courses, and that
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a stone falls to the ground, not through the intervention of the
secondary and appointed law of gravity, but from the direct
volition of the Creator.

Before concluding it will be well to show, although this has
incidentally appeared, how far the theory of common descent
can legitimately be extended.! If we once admit that two true
species of the same genus can have descended from the same
parent, it will not be possible to deny that two species of two
genera may also have descended from a common stock. For
in some families the genera approach almost as closely as
species of the same genus; and in some orders, for instance in
the monocotyledonous plants, the families run closely into
each other. We do not hesitate to assign a common origin to
dogs or cabbages, because they are divided into groups analo-
gous to the groups in nature. Many naturalists indeed admit
that all groups are artificial; and that they depend entirely on
the extinetion of intermediate species. Some naturalists, how-
ever, affirm that though driven from considering sterility
as the characteristic of species, an entire incapacity to pro-
pagate together is the best evidence of the existence of natural
genera. Even if we put on one side the undoubted fact that
some species of the same genus will not breed together, we
cannot possibly admit the above rule, seeing that the grouse
and pheasant (considered by some good ornithologists as
forming two families), the bull-finch and canary-bird have
bred together.

No doubt the more remote two species are from each other,
the weaker the arguments become in favour of their common
descent. In species of two distinet families the analogy, from
the variation of domestic organisms and from the manner of
their intermarrying, fails; and the arguments from their
geographical distribution quite or almost quite fails. But if
we once admit the general principles of this work, as far as a

! This corresponds to a paragraph in the Origin, 1st ed. p. 483, 6th ed.
p. 554, where it is assumed that animals have descended *‘from at most only
four or five progenitors, and plants from an equal or lesser number.” In the
Origin, however, the author goes on (1st ed. p. 484, 6th ed. p. 554): ‘Analogy
would lead me one step further, namely, to the belief that all animals and
plants have descended from some one prototype.’
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clear unity of type can be made out in groups of species, adap-
ted to play diversified parts in the economy of nature, whether
shown in the structure of the embryonic or mature being, and
especially if shown by a ecommunity of abortive parts, we are
legitimately led to admit their community of descent. Natura-
lists dispute how widely this unity of type extends: most,
however, admit that the vertebrata are built on one type; the
articulata on another; the mollusca on a third; and the radiata
on probably more than one. Plants also appear to fall under
three or four great types. On this theory, therefore, all the
organisms yet discovered are descendants of probably less than
ten parent-forms.

CONCLUSION

My reasons have now been assigned for believing that specific
forms are not immutable creations.! The terms used by
naturalists of affinity, unity of type, adaptive characters, the
metamorphosis and abortion of organs, cease to be meta-
phorical expressions and become intelligible facts. We no
longer look at an organic being as a savage does at a ship? or
other great work of art, as at a thing wholly beyond his com-
prehension, but as a production that has a history which we
may search into. How interesting do all instincts become when
we speculate on their origin as hereditary habits, or as slight
congenital modifications of former instincts perpetuated by
the individuals so characterized having been preserved. When
we look at every complex instinet and mechanism as the sum-
ming up of a long history of contrivances, each most useful
to its possessor, nearly in the same way as when we look at a
great mechanical invention as the summing up of the labour,
the experience, the reason, and even the blunders of numerous
workmen. How interesting does the geographical distribution
of all organic beings, past and present, become as throwing

! This sentence corresponds, not to the final section of the Origin, 1st ed.
p- 484, 6th ed. p. 555, but rather to the opening words of the section already
referred to (Origin, 1st ed. p. 480, 6th ed. p. 549).

* This simile oceurs in the Sketch of 1842, p. 86, and in the Origin, 1st ed.
p- 485, 6th ed. p. 557, i.e. in the final section of ch. xiv (6th ed. ch. xv). In
the MS. there is some erasure in pencil of which I have taken no notice.
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light on the ancient geography of the world. Geology loses
glory! from the imperfection of its archives, but it gains in the
immensity of its subject. There is much grandeur in looking at
every existing organic being either as the lineal successor of
some form now buried under thousands of feet of solid rock,
or as being the co-descendant of that buried form of some
more ancient and utterly lost inhabitant of this world. It
accords with what we know of the laws impressed by the
Creator® on matter that the production and extinetion of forms
should, like the birth and death of individuals, be the result
of secondary means. It is derogatory that the Creator of
countless Universes should have made by individual acts of
His will the myriads of creeping parasites and worms, which
since the earliest dawn of life have swarmed over the land and
in the depths of the ocean. We cease to be astonished® that a
group of animals should have been formed to lay their eggs in
the bowels and flesh of other sensitive beings; that some
animals should live by and even delight in ecruelty; that
animals should be led away by false instinets; that annually
there should be an incalculable waste of the pollen, eggs and
immature beings; for we see in all this the inevitable conse-
quences of one great law, of the multiplication of organic
beings not created immutable. From death, famine, and
the struggle for existence, we see that the most exalted end
which we are capable of conceiving, namely, the creation of the
higher animals,* has directly proceeded. Doubtless, our first
impression is to disbelieve that any secondary law could
produce infinitely numerous organic beings, each character-
ized by the most exquisite workmanship and widely extended
adaptations: it at first accords better with our faculties to

1 An almost identical sentence occurs in the Origin, 1st ed. p. 487, 6th ed.
p. 558. The fine prophecy (in the Origin, 1st egi. p. 486, 6th ed. p. 557) on “the
almost untrodden field of inquiry’ is wanting in the present Essay.

2 See the last paragraph on p. 488 of the Origin, 1st ed., 6th ed. p. 559.

3 A passage corresponding to this occurs in the Sketch of 1842, p. 86, but
not in the last chapter of the Origin. - : o5

4 This sentence occurs in an almost identical form in the Origin, 1st ed.
p. 400, 6th ed. p. 560. It will be noted that man is not named though clearly
referred to. Elsewhere (Origin, 15t ed. p. 488) tl}e :-l.:dt]mr is bolder and writes
*Light will be thrown on the origin of man and his history’. In 6th ed. p. 559,
he writes *Much light, ete.”
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suppose that each required the fiat of a Creator. There! is a
[simple] grandeur in this view of life with its several powers of
growth, reproduction and of sensation, having been originally
breathed into matter under a few forms, perhaps into only
one,? and that whilst this planet has gone cycling onwards
according to the fixed laws of gravity and whilst land and
water have gone on replacing each other—that from so simple
an origin, through the selection of infinitesimal varieties, end-
less forms most beautiful and most wonderful have been
evolved.

1 For the history of this sentence (with which the Origin of Species closes)
see the Sketch of 1842, p. 87, note 2: also the concluding pages of the Intro-

duction.
? These four words are added in pencil between the lines.
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London, June 30th, 1858.
My DEARr Sir,

The accompanying papers, which we have the honour of ecom-
municating to the Linnean Society, and which all relate to the
same subject, viz. the Laws which affect the production of
varieties, races, and species, contain the results of the investi-
gations of two indefatigable naturalists, Mr Charles Darwin
and Mr Alfred Wallace.

These gentlemen having, independently and unknown to
one another, conceived the same very ingenious theory to
account for the appearance and perpetuation of varieties and
of specific forms on our planet, may both fairly claim the
merit of being original thinkers in this important line of in-
quiry ; but neither of them having published his views, though
Mr Darwin has for many years past been repeatedly urged by
us to do so, and both authors having now unreservedly placed
their papers in our hands, we think it would best promote the
interests of science that a selection from them should be laid
before the Linnean Society.

Taken in the order of their dates, they consist of':

I. Extracts from a MS. work on species,’ by Mr Darwin,
which was sketched in 1839, and copied in 1844, when the copy
was read by Dr Hooker, and its contents afterwards communi-
cated to Sir Charles Lyell. The first part is devoted to ‘The
variation of organic beings under domestication and in their
natural state’; and the second chapter of that part, from
which we propose to read to the Society the extracts referred
to, is headed, ‘On the variation of organic beings in a state of
nature: on the natural means of selection; on the comparison
of domestic races and true species.’

II. An abstract of a private letter addressed to Professor
Asa Gray, of Boston, U.S., in October 1857, by Mr Darwin,
in which he repeats his views, and which shows that these
remained unaltered from 1839 to 1857.

1 This MS. work was never intended for publication, and therefore was not
written with care. C.D. 1858.
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ITI. An Essay by Mr Wallace, entitled ‘On the tendency of
varieties to depart indefinitely from the original type’. This
was written at Ternate in February 1858, for the perusal of his
friend and correspondent Mr Darwin, and sent to him with
the expressed wish that it should be forwarded to Sir Charles
Lyell, if Mr Darwin thought it sufficiently novel and interest-
ing. So highly did Mr Darwin appreciate the value of the views
therein set forth, that he proposed, in a letter to Sir Charles
Lyell, to obtain Mr Wallace’s consent to allow the Essay to
be published as soon as possible. Of this step we highly ap-
proved, provided Mr Darwin did not withhold from the public,
as he was strongly inclined to do (in favour of Mr Wallace),
the memoir which he had himself written on the same subject,
and which, as before stated, one of us had perused in 1844,
and the contents of which we had both of us been privy to
for many years. On representing this to Mr Darwin, he gave
us permission to make what use we thought proper of his
memoirs, ete.; and in adopting our present course, of present-
ing it to the Linnean Society, we have explained to him that
we are not solely considering the relative claims to priority
of himself and his friend, but the interests of science generally ;
for we feel 1t to be desirable that views founded on a wide
deduction from facts, and matured by years of reflection,
should constitute at once a goal from which others may start,
and that, while the scientific world is waiting for the appear-
ance of Mr Darwin’s complete work, some of the leading re-
sults of his labours, as well as those of his able correspondent,
should together be laid before the publie.

We have the honour to be yours very obediently,
CHARLES LYELL
Jos. D. HookER

J. J. Bennetl, Esq.
Secretary of the Linnean Society
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ONTHE VARIATION OF ORGANIC BEINGS IN A

STATE OF NATURE

ON THE NATURAL MEANS OF SELECTION; ON THE
COMPARISON OF DOMESTIC RACES AND
TRUE SPECIES

By CHAarLEs DArwWIN

DE CaANDOLLE, in an eloquent passage, has declared that all
nature is at war, one organism with another, or with external
nature. Seeing the contented face of nature, this may at
first well be doubted: but reflection will inevitably prove it to
be true. The war, however, is not constant, but recurrent in a
slight degree at short periods, and more severely at ocecasional
more distant periods; and hence its effects are easily over-
looked. It is the doctrine of Malthus applied in most cases
with tenfold force. As in every climate there are seasons, for
each of its inhabitants, of greater and less abundance, so all
annually breed; and the moral restraint which in some small
degree checks the increase of mankind 1s entirely lost. Even
slow-breeding mankind has doubled in twenty-five years;
and if he could increase his food with greater ease, he would
double in less time. But for animals without artificial means,
the amount of food for each species must, on an average, be
constant, whereas the increase of all organisms tends to be
geometrical, and in a vast majority of cases at an enormous
ratio. Suppose in a certain spot there are eight pairs of birds,
and that only four pairs of them annually (including double
hatches) rear only four young, and that these go on rearing
their young at the same rate, then at the end of seven years
(a short life, excluding violent deaths, for any bird) there will
be 2048 birds, instead of the original sixteen. As this increase
is quite impossible, we must conclude either that birds do not
rear nearly half their young, or that the average life of a bird
is, from accident, not nearly seven years. Both checks prob-
ably concur. The same kind of calculation applied to all plants
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and animals affords results more or less striking, but in very
few instances more striking than in man.

Many practical illustrations of this rapid tendency to in-
crease are on record, among which, during peculiar seasons,
are the extraordinary numbers of certain animals; for instance,
during the years 1826 to 1828, in La Plata, when from drought
some millions of cattle perished, the whole country actually
swarmed with mice. Now I think it cannot be doubted that
during the breeding season all the mice (with the exception of
a few males or females in excess) ordinarily pair, and there-
fore that this astounding increase during three years must be
attributed to a greater number than usual surviving the first
year, and then breeding, and so on till the third year, when
their numbers were brought down to their usual limits on the
return of wet weather. Where man has introduced plants and
animals into a new and favourable country, there are many
accounts in how surprisingly few years the whole country has
become stocked with them. This increase would necessarily
stop as soon as the country was fully stocked; and yet we have
every reason to believe, from what is known of wild animals,
that all would pair in the spring. In the majority of cases it is
most difficult to imagine where the check falls—though gen-
erally, no doubt, on the seeds, eggs, and young; but when we
remember how impossible, even in mankind (so much better
known than any other animal), it is to infer from repeated
casual observations what the average duration of life is, or to
discover the different percentage of deaths to births in differ-
ent countries, we ought to feel no surprise at our being unable
to discover where the check falls in any animal or plant. It
should always be remembered, that in most cases the checks
are recurrent yearly in a small, regular degree, and in an ex-
treme degree during unusually cold, hot, dry, or wet years,
according to the constitution of the being in question. Lighten
any check in the least degree, and the geometrical powers of
increase in every organism will almost instantly increase the
average number of the favoured species. Nature may be com-
pared to a surface on which rest ten thousand sharp wedges
touching each other and driven inwards by incessant blows.
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Fully to realize these views much reflection is requisite. Mal-
thus on man should be studied: and all such cases as those of
the mice in La Plata, of the eattle and horses when first
turned out in South America, of the birds by our calculation,
ete., should be well considered. Reflect on the enormous
multiplying power inherent and annually in action in all
animals; reflect on the countless seeds scattered by a hundred
ingenious contrivances, year after year, over the whole
face of the land; and yet we have every reason to suppose
that the average percentage of each of the inhabitants of
a country usually remains constant. Finally, let it be borne
in mind that this average number of individuals (the external
conditions remaining the same) in each country is kept up by
recurrent struggles against other species or against external
nature (as on the borders of the arctic regions, where the
cold checks life), and that ordinarily each individual of every
species holds its place, either by its own struggle and capacity
of acquiring nourishment in some period of its life, from the
egg upwards; or by the struggle of its parents (in short-lived
organisms, when the main check occurs at longer intervals)
with other individuals of the same or different species.

But let the external conditions of a country alter. If in a
small degree, the relative proportions of the inhabitants will
in most cases simply be slightly changed: but let the number
of inhabitants be small, as on an island, and free access to it
from other countries be circumscribed, and let the change of
conditions continue progressing (forming new stations), in
such a case the original inhabitants must cease to be as per-
fectly adapted to the changed conditions as they were origin-
ally. It has been shown in a former part of this work, that
such changes of external conditions would, from their acting
on the reproductive system, probably cause the organization
of those beings which were most affected to become, as under
domestication, plastic. Now, ean it be doubted, from the
struggle each individual has to obtain subsistence, that any
minute variation in structure, habits, or instinets, adapting
that individual better to the new conditions, would tell upon
its vigour and health? In the struggle it would have a better
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chance of surviving; and those of its offspring which inherited
the variation, be it ever so slight, would also have a better
chance. Yearly more are bred than can survive; the smallest
grain in the balance, in the long run, must tell on which death
shall fall, and which shall survive. Let this work of selection
on the one hand, and death on the other, go on for a thousand
generations, who will pretend to affirm that it would produce
no effect, when we remember what, in a few years, Bakewell
effected in cattle, and Western in sheep, by this identical
principle of selection?

To give an imaginary example from changes in progress on
an island: let the organization of a canine animal which preyed
chiefly on rabbits, but sometimes on hares, become slightly
plastic; let these same changes cause the number of rabbits
very slowly to decrease, and the number of hares to increase;
the effect of this would be that the fox or dog would be driven
to try to catch more hares: his organization, however, being
slightly plastic, those individuals with the lightest forms, long-
est limbs, and best eyesight, let the difference be ever so small,
would be slightly favoured, and would tend to live longer,
and to survive during that time of the year when food was
scarcest; they would also rear more young, which would tend
to inherit these slight peculiarities. The less fleet ones would
be rigidly destroyed. I can see no more reason to doubt that
these causes in a thousand generations would produce a
marked effect, and adapt the form of the fox or dog to the
catching of hares instead of rabbits, than that greyhounds
can be improved by selection and eareful breeding. So would
it be with plants under similar circumstances. If the number
of individuals of a species with plumed seeds could be in-
creased by greater powers of dissemination within its own
area (that is, if the check to increase fell chiefly on the seeds),
those seeds which were provided with ever so little more down,
would in the long run be most disseminated; hence a greater
number of seeds thus formed would germinate, and would tend
to produce plants inheriting the slightly better-adapted down.?

! T can see no more difficulty in this, than in the planter improving his
varieties of the cotton plant. C. D. 1858.
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Besides this natural means of selection, by which those
individuals are preserved, whether in their egg, or larval, or
mature state, which are best adapted to the place they fill
in nature, there is a second ageney at work in most unisexual
animals, tending to produce the same effect, namely the
struggle of the males for the females. These struggles are
generally decided by the law of battle, but in the ecase of birds,
apparently, by the charms of their song, by their beauty or
their power of courtship, as in the dancing rock-thrush of
Guiana. The most vigorous and healthy males, implying
perfect adaptation, must generally gain the victory in their
contests. This kind of selection, however, is less rigorous
than the other; it does not require the death of the less sue-
cessful, but gives to them fewer descendants. The struggle
falls, moreover, at a time of year when food is generally
abundant, and perhaps the effect chiefly produced would be
the modification of the secondary sexual characters, which are
not related to the power of obtaining food, or to defence from
enemies, but to fighting with or rivalling other males. The
result of this struggle amongst the males may be compared
in some respects to that produced by those agriculturists, who
pay less attention to the careful selection of all their young
animals, and more to the occasional use of a choice male.
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ABSTRACT OF A LETTER FROM CHARLES
DARWIN TO PROFESSOR ASA GRAY

OF BOSTON, U.S.A.,, DATED DOWN,
5 SEPTEMBER 1857

I'r is wonderful what the principle of selection by man, that is
the picking out of individuals with any desired quality, and
breeding from them, and again picking out, can do. Even
breeders have been astounded at their own results. They can
act on differences inappreciable to an uneducated eye. Selee-
tion has been methodically followed in Europe for only the
last half century; but it was occasionally, and even in some
degree methodically, followed in the most ancient times. There
must have been also a kind of unconscious selection from a
remote period, namely in the preservation of the individual
animals (without any thought of their offspring) most useful
to each race of man in his particular ecircumstances. The
‘roguing’, as nurserymen call the destroying of varieties which
depart from their type, is a kind of selection. I am convinced
that intentional and occasional selection has been the main
agent in the production of our domestic races; but however
this may be, its great power of modification has been in-
disputably shown in later times. Selection acts only by the
accumulation of slight or greater variations, caused by exter-
nal conditions, or by the mere fact that in generation the
child is not absolutely similar to its parent. Man, by this
power of accumulating variations, adapts living beings to his
wants—may be said to make the wool of one sheep good for
carpets, of another for cloth, ete.

Now suppose there were a being who did not judge by mere
external appearances, but who could study the whole internal
organization, who was never capricious, and should go on
selecting for one object during millions of generations; who
will say what he might not effect? In nature we have some
slight variation occasionally in all parts; and I think it can be
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shown that changed conditions of existence is the main cause
of the child not exactly resembling its parents; and in nature
geology shows us what changes have taken place, and are
taking place. We have almost unlimited time; no one but a
practical geologist can fully appreciate this. Think of the
Glacial period, during the whole of which the same species at
least of shells have existed; there must have been during this
period millions on millions of generations.

I think it can be shown that there is such an unerring power
at work in Natural Selection (the title of my book), which
selects exclusively for the good of each organic being. The
elder de Candolle, W. Herbert, and Lyell have written ex-
cellently on the struggle for life; but even they have not
written strongly enough. Reflect that every being (even the
elephant) breeds at such a rate, that in a few years, or at most
a few centuries, the surface of the earth would not hold the
progeny of one pair. I have found it hard constantly to bear
in mind that the increase of every single species is checked
during some part of its life, or during some shortly recurrent
generation. Only a few of those annually born ean live to
propagate their kind. What a trifling difference must often
determine which shall survive, and which perish!

Now take the case of a country undergoing some change.
This will tend to cause some of its inhabitants to vary slightly
—not but that I believe most beings vary at all times enough
for selection to act on them. Some of its inhabitants will be
exterminated; and the remainder will be exposed to the
mutual action of a different set of inhabitants, which I be-
lieve to be far more important to the life of each being than
mere climate. Considering the infinitely wvarious methods
which living beings follow to obtain food by struggling with
other organisms, to escape danger at various times of life, to
have their eggs or seeds disseminated, ete., I cannot doubt
that during millions of generations individuals of a species
will be oceasionally born with some slight variation, profitable
to some part of their economy. Such individuals will have a
better chance of surviving, and of propagating their new and
slightly different structure; and the modification may be
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slowly increased by the accumulative action of natural selec-
tion to any profitable extent. The wvariety thus formed will
either coexist with, or, more commonly, will exterminate its
parent form. An organic being like the woodpecker or mistle-
toe, may thus come to be adapted to a score of contingencies
—natural selection accumulating those slight variations in all
parts of its structure, which are in any way useful to it during
any part of its life,

Multiform difficulties will occur to every one, with respect
to this theory. Many can, I think, be satisfactorily answered.
Natura non facil saltum answers some of the most obvious.
The slowness of the change, and only a very few individuals
undergoing change at any one time, answers others. The ex-
treme imperfection of our geological records answers others.

Another principle, which may be called the principle of
divergence, plays, I believe, an important part in the origin
of species. The same spot will support more life if occupied by
very diverse forms. We see this in the many generic forms in
a square yard of turf, and in the plants or insects on any little
uniform islet, belonging almost invariably to as many genera
and families as species. We can understand the meaning of
this fact amongst the higher animals, whose habits we under-
stand. We know that it has been experimentally shown that a
plot of land will yield a greater weight if sown with several
species and genera of grasses, than if sown with only two or
three species. Now, every organic being, by propagating so
rapidly, may be said to be striving its utmost to increase in
numbers. So it will be with the offspring of any species after
it has become diversified into varieties, or subspecies, or true
species. And it follows, I think, from the foregoing facts, that
the varying offspring of each species will try (only few will
succeed) to seize on as many and as diverse places in the
economy of nature as possible. Each new variety or species,
when formed, will generally take the place of, and thus ex-
terminate its less well-fitted parent. This I believe to be the
origin of the classification and affinities of organic beings at all
times; for organic beings always seem to branch and sub-
branch like the limbs of a tree from a common trunk, the
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flourishing and diverging twigs destroying the less vigorous—
the dead and lost branches rudely representing extinct genera
and families.

This sketch is most imperfect; but in so short a space I
cannot make it better. Your imagination must fill up very
wide blanks.
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ON THE TENDENCY OF YARIETIES TO
DEPART INDEFINITELY FROM THE
ORIGINAL TYPE

By ALFRED RussEL WALLACE

ONE of the strongest arguments which have been adduced
to prove the original and permanent distinctness of species is,
that varieties produced in a state of domesticity are more or
less unstable, and often have a tendency, if left to themselves,
to return to the normal form of the parent species; and this
instability is considered to be a distinctive peculiarity of all
varieties, even of those occurring among wild animals in a
state of nature, and to constitute a provision for preserving
unchanged the originally created distinet species.

In the absence or scarcity of facts and observations as to
varieties oceurring among wild animals, this argument has
had great weight with naturalists, and has led to a very
general and somewhat prejudiced belief in the stability of
species. Equally general, however, is the belief in what are
called ‘ permanent or true varieties’,—races of animals which
continually propagate their like, but which differ so slightly
(although constantly) from some other race, that the one is
considered to be a variety of the other. Which is the wvariety
and which the original species, there is generally no means of
determining, except in those rare cases in which the one race
has been known to produce an offspring unlike itself and
resembling the other. This, however, would seem quite in-
compatible with the ‘permanent invariability of species’, but
the difficulty is overcome by assuming that such varieties have
strict limits, and can never again vary further from the
original type, although they may return to it, which, from
the analogy of the domesticated animals, is considered to be
highly probable, if not certainly proved.

It will be observed that this argument rests entirely on the

268



DARWIN-WALLACE PAPERS OF 1838

assumption, that varieties occurring in a state of nature are
in all respects analogous to or even identical with those of
domestic animals, and are governed by the same laws as
regards their permanence or further variation, But it is the
object of the present paper to show that this assumption is
altogether false, that there is a general principle in nature
which will cause many varieties to survive the parent species,
and to give rise to successive variations departing further
and further from the original type, and which also produces,
in domesticated animals, the tendency of varieties to return
to the parent form.

The life of wild animals is a struggle for existence. The
full exertion of all their faculties and all their energies is re-
quired to preserve their own existence and provide for that
of their infant offspring. The possibility of procuring food
during the least favourable seasons, and of escaping the
attacks of their most dangerous enemies, are the primary
conditions which determine the existence both of individuals
and of entire species. These conditions will also determine
the population of a species; and by a eareful consideration of
all the circumstances we may be enabled to comprehend,
and in some degree to explain, what at first sight appears so
inexplicable—the excessive abundance of some species, while
others closely allied to them are very rare.

The general proportion that must obtain between certain
groups of animals is readily seen. Large animals cannot be
so abundant as small ones; the Carnivora must be less numer-
ous than the Herbivora; eagles and lions can never be so
plentiful as pigeons and antelopes; the wild asses of the
Tartarian deserts cannot equal in numbers the horses of the
more luxuriant prairies and pampas of America. The greater
or less fecundity of an animal is often considered to be one
of the chief causes of its abundance or scarcity; but a con-
sideration of the facts will show us that it really has little
or nothing to do with the matter. Even the least prolific of
animals would increase rapidly if unchecked, whereas it
is evident that the animal population of the globe must
be stationary, or perhaps, through the influence of man,

269



EVOLUTION BY NATURAL SELECTION

decreasing. Fluctuations there may be; but permanent in-
crease, except in restricted localities, is almost impossible.
For example, our own observation must convince us that
birds do not go on increasing every year in a geometrical ratio,
as they would do, were there not some powerful check to their
natural increase. Very few birds produce less than two young
ones each year, while many have six, eight or ten; four will
certainly be below the average; and if we suppose that each
pair produce young only four times in their life, that will also
be below the average, supposing them not to die either by
violence or want of food. Yet at this rate how tremendous
would be the increase in a few years from a single pair! A
simple ealeulation will show that in fifteen years each pair of
birds would have increased to nearly ten millions! whereas
we have no reason to believe that the number of the birds of
any country increases at all in fifteen or in one hundred and
fifty years. With such powers of increase the population must
have reached its limits, and have become stationary, in a very
few years after the origin of each species. It is evident, there-
fore, that each year an immense number of birds must perish—
as many in fact as are born; and as on the lowest calculation
the progeny are each year twice as numerous as their parents,
it follows that, whatever be the average number of individuals
existing in any given country, twice that number must perish
annually—a striking result, but one which seems at least
highly probable, and is perhaps under rather than over the
truth. It would therefore appear that, as far as the continu-
ance of the species and the keeping up the average number of
individuals are concerned, large broods are superfluous. On
the average all above one become food for hawks and kites,
wild cats and weasels, or perish of cold and hunger as winter
comes on. This is strikingly proved by the case of particular
species; for we find that their abundance in individuals bears
no relation whatever to their fertility in producing offspring.
Perhaps the most remarkable instance of an immense bird
population is that of the passenger pigeon of the United States,
which lays only one, or at most two eggs, and is said to rear
generally but one young one. Why is this bird so extra-
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ordinarily abundant, while others producing two or three
times as many young are much less plentiful? The explanation
is not difficult. The food most congenial to this species, and
on which it thrives best, is abundantly distributed over a very
extensive region, offering such differences of soil and climate,
that in one part or another of the area the supply never fails.
The bird is capable of a very rapid and long-continued flight,
so that it can pass without fatigue over the whole of the
district it inhabits, and as soon as the supply of food begins
to fail in one place is able to discover a fresh feeding-ground.
This example strikingly shows us that the procuring a con-
stant supply of wholesome food is almost the sole condition
requisite for ensuring the rapid increase of a given species,
since neither the limited fecundity, nor the unrestrained
attacks of birds of prey and of man are here sufficient to check
it. In no other birds are these peculiar circumstances so
strikingly combined. Either their food is more liable to failure,
or they have not sufficient power of wing to search for it over
an extensive area, or during some season of the year it be-
comes very scarce, and less wholesome substitutes have to be
found; and thus, though more fertile in offspring, they can
never increase beyond the supply of food in the least favour-
able seasons. Many birds can only exist by migrating, when their
food becomes scarce, to regions possessing a milder, or at least
a different climate, though, as these migrating birds are
seldom excessively abundant, it is evident that the countries
they visit are still deficient in a constant and abundant sup-
ply of wholesome food. Those whose organization does not
permit them to migrate when their food becomes periodically
searce, can never attain a large population. This is probably
the reason why woodpeckers are scarce with us, while in the
tropics they are among the most abundant of solitary birds.
Thus the house sparrow is more abundant than the redbreast,
because its food is more constant and plentiful—seeds of
grasses being preserved during the winter, and our farm-
yards and stubble-fields furnishing an almost inexhaustible
supply. Why, as a general rule, are aquatie, and especially sea
birds, very numerous in individuals? Not because they are
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more prolific than others, generally the contrary; but because
their food never fails, the sea-shores and river-banks daily
swarming with a fresh supply of small Mollusea and Crustacea.
Exactly the same laws will apply to mammals. Wild eats are
prolific and have few enemies; why then are they never as
abundant as rabbits? The only intelligible answer is, that
their supply of food is more precarious. It appears evident,
therefore, that so long as a country remains physieally un-
changed, the numbers of its animal population cannot materially
increase. If one species does so, some others requiring the
same kind of food must diminish in proportion. The numbers
that die annually must be immense; and as the individual
existence of each animal depends upon itself, those that die
must be the weakest—the very young, the aged, and the
diseased—while those that prolong their existence can only be
the most perfect in health and vigour—those who are best
able to obtain food regularly, and avoid their numerous
enemies. It is, as we commenced by remarking, ‘a struggle
for existence’, in which the weakest and least perfectly organ-
ized must always succumb.

Now it is clear that what takes place among the individuals
of a species must also occur among the several allied species of
a group—viz. that those which are best adapted to obtain a
regular supply of food, and to defend themselves against the
attacks of their enemies and the wicissitudes of the seasons,
must necessarily obtain and preserve a superiority in popu-
lation; while those species which from some defect of power or
organization are the least capable of eounteracting the vicis-
situdes of food supply, ete., must diminish in numbers, and,
in extreme cases, become altogether extinet. Between these
extremes the species will present various degrees of capa-
city for ensuring the means of preserving life; and it is thus
we account for the abundance or rarity of species. Our
ignorance will generally prevent us from accurately tracing
the effects to their causes; but could we become perfectly
acquainted with the organization and habits of the various
species of animals, and could we measure the capacity of each
for performing the different acts necessary to its safety and
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existence under all the varying circumstances by which it is
surrounded, we might be able even to calculate the propor-
tionate abundance of individuals which is the necessary result.

If now we have succeeded in establishing these two points;
first, that the animal population of a country is generally station-
ary, being kept down by a periodical deficiency of food, and other
checks ; and, secondly, that the comparative abundance or scarcity
of the individuals of the several species is entirely due to their
organization and wvesulting habits, which, rendering it more
difficult to procure a regular supply of food and to provide for
their personal safety in some cases than in others, can only be
balanced by a difference in the population which has to exist
in a given area—we shall be in a condition to proceed to the
consideration of varieties, to which the preceding remarks have
a direct and very important application.

Most or perhaps all the variations from the typical form of
a species must have some definite effect, however slight, on
the habits or capacities of the individuals. Even a change of
colour might, by rendering them more or less distinguishable,
affect their safety; a greater or less development of hair might
modify their habits. More important changes, such as an
increase in the power or dimensions of the limbs or any of the
external organs, would more or less affect their mode of
procuring food or the range of country which they inhabit.
It is also evident that most changes would affect, either
favourably or adversely, the powers of prolonging existence.
An antelope with shorter or weaker legs must necessarily
suffer more from the attacks of the feline carnivora; the pas-
senger pigeon with less powerful wings would sooner or later
be affected in its powers of procuring a regular supply of food;
and in both eases the result must necessarily be a diminution
of the population of the modified species. If, on the other
hand, any species should produce a variety having slightly
increased powers of preserving existence, that variety must
inevitably in time acquire a superiority in numbers. These
results must follow as surely as old age, intemperance, or
scarcity of food produce an increased mortality. In both
cases there may be many individual exceptions; but on the
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average the rule will invariably be found to hold good. All
varieties will therefore fall into two classes—those which
under the same conditions would never reach the population
of the parent species, and those which would in time obtain
and keep a numerical superiority Now, let some alteration of
physical conditions occur in the district—a long period of
drought, a destruction of vegetation by locusts, the irruption
of some new carnivorous animal seeking °pastures new’—
any change in fact tending to render existence more difficult
to the species in question, and tasking its utmost powers to
avold complete extermination; it is evident that, of all the
individuals composing the species, those forming the least
numerous and most feebly organized variety would suffer
first, and, were the pressure severe, must soon become extinet.
The same causes continuing in action, the parent species
would next suffer, would gradually diminish in numbers, and
with a recurrence of similar unfavourable conditions might
also become extinct. The superior variety would then alone
remain, and on a return to favourable circumstances would
rapidly increase in numbers and occupy the place of the
extinet species and variety.

The variety would now have replaced the species, of which
it would be a more perfectly developed and more highly organ-
ized form. It would be in all respects better adapted to secure
its safety, and to prolong its individual existence and that of
the race. Such a variety could not return to the original form;
for that form is an inferior one, and could never compete with
it for existence. Granted, therefore, a ‘tendency’ to reproduce
the original type of the species, still the variety must ever
remain preponderant in numbers, and under adverse physical
conditions again alone survive. But this new, improved, and
populous race might itself, in course of time, give rise to new
varieties, exhibiting several diverging modifications of form,
any of which, tending to increase the facilities for preserving
existence, must, by the same general law, in their turn
become predominant. Here, then, we have progression and con-
tinued divergence deduced from the general laws which regu-
late the existence of animals in a state of nature, and from the
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undisputed fact that varieties do frequently occur. It is not,
however, contended that this result would be invariable; a
change of physical conditions in the district might at times
materially modify it, rendering the race which had been the
most capable of supporting existence under the former con-
ditions now the least so, and even causing the extinction of
the newer and, for a time, superior race, while the old or
parent speeies and its first inferior varieties continued to
flourish. Variations in unimportant parts might also occur,
having no pereeptible effeet on the life-preserving powers;
and the varieties so furnished might run a course parallel with
the parent species, either giving rise to further variations or
returning to the former type. All we argue for is, that certain
varieties have a tendency to maintain their existence longer
than the original species, and this tendency must make itself
felt; for though the doctrine of chances or averages can never
be trusted to on a limited seale, yet, if applied to high numbers,
the results come nearer to what theory demands, and, as we
approach to an infinity of examples, become strictly accur-
ate. Now the scale on which nature works is so vast—the
numbers of individuals and periods of time with which she
deals approach so near to infinity, that any cause however
slight, and however liable to be veiled and counteracted by
accidental ecircumstances, must in the end produce its full
legitimate results.

Let us now turn to domesticated animals, and inquire how
varieties produced among them are affected by the principles
here enunciated. The essential difference in the condition of
wild and domestic animals is this, that among the former,
their well-being and very existence depend upon the full
exercise and healthy condition of all their senses and physical
powers, whereas, among the latter, these are only partially
exercised, and in some cases are absolutely unused. A wild
animal has to search, and often to labour, for every mouthful
of food—to exercise sight, hearing, and smell in seeking it,
and in avoiding dangers, in procuring shelter from the in-
clemency of the seasons, and in providing for the subsistence
and safety of its offspring. There is no muscle of its body that

avs 18-2



EVOLUTION BY NATURAL SELECTION

is not called into daily and hourly aectivity; there is no sense or
faculty that is not strengthened by continual exercise. The
domestic animal, on the other hand, has food provided for it,
is sheltered, and often confined, to guard it against the vieis-
situdes of the seasons, is carefully secured from the attacks of
its natural enemies, and seldom even rears its young without
human assistance. Half of its senses and faculties are quite
useless; and the other half are but occasionally called into
feeble exercise, while even its muscular system is only irregu-
larly ecalled into action.

Now when a variety of such an animal oceurs, having in-
creased power or capacity in any organ or sense, such increase
is totally useless, is never called into action, and may even
exist without the animal ever becoming aware of it. In the wild
animal, on the contrary, all its faculties and powers being
brought into full action for the necessities of existence, any
increase becomes immediately available, is strengthened by
exercise, and must even slightly modify the food, the habits,
and the whole economy of the race. It creates as it were a new
animal, one of superior powers, and which will necessarily
increase in numbers and outlive those inferior to it.

Again, 1n the domesticated anmimal all varations have an
equal chance of continuance; and those which would decidedly
render a wild animal unable to compete with its fellows and
continue its existence are no disadvantage whatever in a state
of domestieity. Our quickly fattening pigs, short-legged sheep,
pouter pigeons, and poodle dogs could never have come into
existence in a state of nature, because the very first step to-
wards such inferior forms would have led to the rapid extine-
tion of the race; still less could they now exist in competition
with their wild allies. The great speed but slight endurance of
the race horse, the unwieldy strength of the ploughman’s
team, would both be useless in a state of nature. If turned wild
on the pampas, such animals would probably soon become
extinet, or under favourable circumstances might each lose
those extreme qualities which would never be called into
action, and in a few generations would revert to a common
type, which must be that in which the various powers and
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faculties are so proportioned to each other as to be best adapted
to procure food and secure safety—that in which by the full
exercise of every part of his organization the animal can alone
continue to live. Domestic varieties, when turned wild, must
return to something near the type of the original wild stock,
or become altogether extinct.

We see, then, that no inferences as to varieties in a state
of nature can be deduced from the observation of those
occurring among domestic animals. The two are so much
opposed to each other in every circumstance of their existence,
that what applies to the one is almost sure not to apply
to the other. Domestic animals are abnormal, irregular, arti-
ficial; they are subject to wvarieties which never occur and
never can occur in a state of nature: their very existence
depends altogether on human care; so far are many of them
removed from that just proportion of faculties, that true
balance of organization, by means of which alone an animal
left to its own resources can preserve its existence and con-
tinue its race.

The hypothesis of Lamarck—that progressive changes in
species have been produced by the attempts of animals to
increase the development of their own organs, and thus
modify their structure and habits—has been repeatedly and
easily refuted by all writers on the subject of varieties and
species, and it seems to have been considered that when this
was done the whole question has been finally settled; but the
view here developed renders such an hypothesis quite un-
necessary, by showing that similar results must be produced
by the action of principles constantly at work in nature. The
powerful retractile talons of the falcon and the cat tribes have
not been produced or increased by the volition of those
animals; but among the different varieties which occurred in
the earlier and less highly organized forms of these groups,
those always survived longest which had the greatest facilities for
seizing their prey. Neither did the giraffe acquire its long neck
by desiring to reach the foliage of the more lofty shrubs, and
constantly stretching its neck for the purpose, but because
any varieties which occurred among its antetypes with a
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longer neck than usual at once secured a fresh range of pasture
over the same ground as their shorter-necked companions, and on
the first scarcity of food were thereby enabled to outlive them.
Even the peculiar colours of many animals, especially insects,
so closely resembling the soil or the leaves or the trunks on
which they habitually reside, are explained on the same
principle; for though in the course of ages varieties of many
tints may have occurred, yet those races having colours best
adapted to concealment from their enemies would inevitably sur-
vive the longest. We have also here an acting cause to account
for that balance so often observed in nature—a deficiency in
one set of organs always being compensated by an increased
development of some others—powerful wings accompanying
weak feet, or great velocity making up for the absence of
defensive weapons; for it has been shown that all varieties in
which an unbalanced deficiency oecurred could not long con-
tinue their existence. The action of this principle is exactly
like that of the centrifugal governor of the steam engine, which
checks and corrects any irregularities almost before they be-
come evident; and in like manner no unbalanced deficiency in
the animal kingdom ean ever reach any conspicuous magni-
tude, because it would make itself felt at the very first step,
by rendering existence difficult and extinetion almost sure
soon to follow. An origin such as is here advocated will also
agree with the peculiar character of the modifications of form
and structure which obtain in organized beings—the many
lines of divergence from a central type, the increasing eflici-
ency and power of a particular organ through a succession of
allied species, and the remarkable persistence of unimportant
parts such as colour, texture of plumage and hair, form of
horns or crests, through a series of species differing consider-
ably in more essential characters. It also furnishes us with a
reason for that ‘more specialized structure’ which Professor
Owen states to be a characteristic of recent compared with
extinet forms, and which would evidently be the result of the
progressive modification of any organ applied to a special
purpose in the animal economy.

We believe we have now shown that there is a tendency in
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nature to the continued progression of certain classes of
varieties further and further from the original type—a pro-
gression to which there appears no reason to assign any de-
finite limits—and that the same principle which produces this
result in a state of nature will also explain why domestic
varieties have a tendency to revert to the original type. This
progression, by minute steps, in various directions, but always
checked and balanced by the necessary conditions, subject to
which alone existence can be preserved, may, it is believed,
be followed out so as to agree with all the phenomena pre-
sented by organized beings, their extinetion and succession
in past ages, and all the extraordinary modifications of form,
instinet, and habits which they exhibit.
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Ackerman on hybrids, 50
acquired characters, see characters
adaptation, 91, 134, 153, 171
Aegilops, 92 n.
affinities and classilication, 72
America, fossils, 190
Amphioxus, 3
analogy, resemblance by, 72, 112, 208,
212, 218
animals, marine
distribution, 175, 205
preservation of, as fossils, 62,158,165
antelope, 166
Apteryx, 81, 238
Archaeopieryx, 3
armadillo, 188
artichoke (Jerusalem), 109
ash, weeping, seeds of, 94
Asparagus, 109, 110
ass, 109, 132, 186
auk, 218
Australia, fossils, 190
Australopithecus, 3
Azalea, 51, 92, 124

Bacteriophage, 11
Baer, K. E. von, 4, 17
Bakewell, 48, 119
Balanoglossus, 3
Barlow, Lady, 5
barriers and distribution, 65, 171, 178,
199
bat, 74, 147, 149 n., 152, 220
Bateson, W., 9, 88, 101 n., 222
hear
sterile in captivity, 126
whale-like habit, 149 n.
bees, 137, 140
combs of hive-bee, 56, 143, 147
beetles, abortive wings of, 81
Bellinghausen, 146
hirds
feeding young with food different
from their own, 56, 148
of Galapagos, 56, 175
migration, 144, 145
nests, 142, 144, 148
rapid increase, 117

song, 140

transporting seeds, 183
bizecacha, 183, 211, 218
‘blending inheritance’, 2, 7, 10, 14
Boitard and Corbie, 132 n.
breeds, domestic, parentage of, 103
Bridges, C. B., 9
brothers, death of, by same peculiar

disease in old age, 78, 80, 227

Brougham, Lord, 55, 140
Brown, R., 235 n.
Buckland on fossils, 80 n., 157, 163 n.
bud variation, 92; see also sports
Buffon, G. 1., 1

on woodpecker, 45
bull, mammae of, 234
Bunbury (Sir H.), rules for selection,
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Butler, S., 130
butterfly, cabbage, 148

Cabbage, 134, 156, 212
Calceolaria, 49, 125
cardoon, 171
Carnivora, law of compensation in, 151
carrot, variation of, 92 n.
Castle, W. E., 12
catastrophes, geological, 164, 165
caterpillars, food, 148
cats
run wild at Ascension, 186
tailless, 93
cattle
horns of, 106, 214
increase in 8. America, 118
Indian, 212
Niata, 94, 104
suffering in parturition from too
large calves, 106
characters
acquired, inheritance of, 11, 41, 91,
94, 129
congenital, 93
fixed by breeding, 94
mental, variation in, 54, 136, 142
running through whole groups, 131
useless for classification, 208
cheetah, sterility of, 126 and n.
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Chironectes, 208
chromosomes, 2, 9, 17
Chrysanthemum, 92
cirripedes, 149 n., 200, 232
‘clandestine® evolution, 19
classification
by any constant character, 209
of domestic races, 212
a law that members of two distinet
groups resemble each other not
specifically but generally, 211, 218
natural system of, 72, 208, 214, 215
rarity and extinction in relation to,
217
relation of, to geography, 210
clines, 20
compensation, law of, 131
conditions
aceumulated effects of, 94, 108
affecting reproduction, 41, 44, 109,
126
change of, analogous to crossing,
a3, 108 n., 130
direct, action of, 41, 91 n., 95, 98
and geographical distribution, 169
continent originating as archipelago,
bearing of, on distribution, 200
Cordillera, as channel of migration, 71,
182, 201
ecorrelation, 106
Correns, C., 9
cow, abortive mammae, 285
ereation, centres of, 183, 202
Crinum, 49, 128
crocodile, 165
Crocus, 124, 125 n.
Cross and Self-fertilisation, early
statement of principles of, 53,
101 n., 129 n.
crossing
analogous to change in conditions,
42, 53, 101
of bisexual animals and hermaphro-
dite plants, 42
in plants, adaptations for, 102
in relation to breeds, 100
swamping effect of, 42, 101, 123
Clenomys, see tuco-tueo
Cucubalus, crossing, 235
Cuénot, L., 9

Dahlia, 57, 92, 96, 101, 105, 135
d'Archiac, 164

Darlington, C. D., 9, 17

Darwin, C.
his Cross and Self-fertilisation,
101 n., 129 n.
on crossing Chinese and common
goose, 104 n.

on Forbes’s theory, 66
his Jowrnal of Researches quoted,
104 m., 183 n.
origin of his evolutionary views,
5, 246
Darwin, Emma, letter to, 35
Darwin, Erasmus, 1
Darwin, Francis, 2, 23
on Knight's law, 102 n.
Darwin, R. W, fact supplied by, 78 n.,
227 n.
Darwin and Wallace, joint paper by,
34, 116 n., 255
de Beer, (. R., 19
de Candolle, 46, 83, 116, 212, 240, 265
de Vries, H., 9
death, feigned by insects, 145
Didelphys, 188
Diderot, ID., 1
difficulties, on theory of evolution, 53,
143, 149, 154
disease, hereditary, 79, 92, 224
distribution
geographical, 65, 67, 169, 188, 190
occasional means of (seeds, eggs,
ete.), 183
in space and time, subject to same
laws, 172
disuse, inherited effects of, 82, 91
divergence, principle of, 33, T4n.,
164 nm., 215 n.
Dobzhansky, Th., 21
dog, 131, 137
Australian, change of colour in, 95
bloodhound, Cuban, 212
bull-dog, 187
in Cuba, 137 and n.
difference in size a bar to crossing,
124
domestic, parentage of, 103, 104
drooping ears, 238
effects of selection, 98
foxhound, 138, 139
greyhound and bull-dog, young of’,
resembling each other, 79, 80,
220
interfertile, 52
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Dog (cont.)
long-legged breed produced to
catch hares, 47, 49, 120
mongrel breed inoceanicislands, 101
pointer, 138, 139, 140
races of, resembling genera, 131,212
retriever, 141
of savages, 99
setter, 138
shepherd dog and harrier crossed,
instinct of, 141
tailless, 93
turnspit, 99
domestication
accumulated effects of, 106, 108
analysis of effects of, 107, 113
variation under, 91, 935
dominance, evolution of, 13
d’Orbigny, 146, 191 n.
duck, 82, 095, 98, 149, 228 n.

Ears, drooping, 238
FEehidna, 111 n.
Edentata, fossil and living in 8.
America, 188
Ehrenberg, 164 n.
elephant, sterility of, 40, 126
elevation, geological
alternating with subsidence, im-
portance of, for evolution, 68, 200
bad for preservation of fossils, 204
favouring birth of new species, 68,
70, 71, 196, 199
elk, 125
embryo
absence of special adaptation in,
78, 79, 149, 225
alike in all vertebrates, 77, 223
branchial arches of, 77, 225
less wvariable than parent, hence
importance of embryology for
classification, 80, 231
occasionally more complicated than
adult, 224, 230
Embryology, 77, 223
law of inheritance at corresponding
ages, 78, 228
value in classification, 81, 208
voung of very distinet breeds
closely similar, 78, 229
embryonic resemblance, 18
Ephemera, selection falls on larva,
116 n.

Epizoa, 224
Essay of 1842
compared with the Origin, 32
description of MS., 30
question of date of, 25
Essay of 1844
compared with that of 1842 and
with the Origin, 32
writing of, 27
Evolution, theory of, reason for
tendency to reject it, 248
Ewart, on telegony, 133 n.
expression, inheritance of, 187
extinction, 60, 165, 202
continuous with rarity, 1635, 207
locally sudden, 164
and rarity, 207
eye, 135 n., 148, 150, 1351

Faculty, in relation to instinck, 145
Faleoner, 181
fauna and fora of islands, related to
nearest land, 198
faunas
alpine, 66, 184, 199
of Galapagos, 66 n., 112, 175
insular, 175, 176
insular alpine very peculiar, 199
fear of man, inherited, 54, 187
ferret, fertility of, 50, 128
fertility, interracial, 129, 130
fish
colours of, 151
eggs of, carried by water-beetle, 183
flying, 149 n.
transported by whirlwind, 183
Fisher, Sir Ronald, 2, 12, 14, 16
floras
alpine, 178
arctic, relation to alpine, 180
identity of, on distant mountains,
180
related to surrounding lowlands,
179
resembling arctie, 180
of oceanie islands, 178
flower
changed by selection, 98
degenerate under domestication if
neglected, 02
morphology of, 75, 221
fly, causing extinetion, 167
flying, evolution of, 54, 152
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food, causing variations, 41, 91, 107,
108
Forbes, E., 36, 66 n., 164 n., 178 n.,
180 n.
Ford, E. B., 13, 16, 17, 21
formation (geological)
evidence from Tertiary system, 163
groups of species appear suddenly
in Secondary, 62, 163
Palacozoie, if contemporary with
beginning of life, author’s theory
false, 158
formations, most ancient, escape
denudation in conditions un-
favourable to life, 61, 159
forms
indirectly intermediate, 60, 156
on rising land, 206
transitional, 60, 71, 157, 162, 204
fossil precursors, 3
fossils
conditions favourable to preserva-
tion, not favourable to existence
of much life, 61, 159, 160
falling into or between existing
groups and indirectly inter-
mediate, 60, 156
Silurian, not those which first
existed in the world, 63, 158
fowl, domestic, 93, 111 n., 124, 136,
137, 222
fox, 112, 187, 194
foxglove, 111
fruit, attractive to animals, 151

Gadow, Dr, 38
Galapagos Islands
and Darwin’s views, 25
fauna, 67, 112
physical character of, in relation to
fauna, 66, 175
Galeopithecus, 152 n.
Garstang, W., 18
Giirtner, 125 n., 132
gastropods, embryology, 224
gene, theory of, 9
gene-complex, 13
genera
crosses between, 49, 124
origin of, 216
wide ranging, have wide ranging
species, 172
gentian, colour of flower, 132 n.

geographical distribution, see distri-
bution
geography, in relation to geology, 67,
188, 190
geology
‘destroys geography’, 67
evidence from, 59, 154
as producing changed conditions, 44
Geranium, 128
Ginkgo, 3
giraffe
fossil, 190
neck, 277
tail, 149 n.
glacial period, effect of, on distribu-
tion of alpine and aretic plants,
180
Gladiolus, crossed, ancestry of, 49
goats, run wild in Tahiti, 186
Goebel on Knight’s law, 102 n.
Goethe, W., 1
Goldschmidt, R., 9
Goodrich, E. 5., 11
goose, 103
periodic habit, 146
Gould on distribution, 172
grass, abortive flowers, 235
Gray, Asa, publication of letter to,
explained in Linnean paper, 34,
264
grouse, hybridized, 124, 128
Guanaco, 189
guinea-fowl, 109

guinea-pig, 101

Habit in relation to instinct, 54, 137,
138, 139
habits in animals taught by parent, 55
Haeckel, E., 18
Haldane, J. B. 8., 12, 15, 17
hare, 5. American, 175 n.
Harland, S. C., 12, 18, 15
hawk
periodic habit, 146
sterility, 126
heath, sterility, 124
hedgehog, 111 n.
Henslow, G., on evolution without
selection, 96 n.
Henslow, J. 5., 38
Herbert, W., 265
on hybrids, 50, 125
sterility of crocus, 125 n.
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heredity, see inheritance
Hering, 139 n.
Hinshelwood, Sir Cyril, 11
Hogg, 138 n.
Holland, Dr, 227
homology, serial, 75, 221
]mnmlug}f of limbs, 74, 220
Hooker, Sir Joseph D., 36, 37, 170 n.,
257
on insular floras, 177, 179, 182
horse, 67, 137, 139, 167
checks to increase, 167
increase in 5. America, 118
malconformations and lameness
inherited, 91
parentage, 10:3, 104
stripes on, 132
young of cart-horse and race-horse
resembling each other, 79
Huber, P., 141
Hudson on woodpecker, 152 n.
Humboldt, 103, 181
Hunter, W., 1387
Hutton, 63, 158
Huxley, Julian, 19, 20
Huxley, T. H., 16, 155 n.
on Darwin, 24, 25, 26
on Darwin’s Essay of 1844, 37, 237
hyacinth, colours of, 132
hybrids
Azalea and Rhododendron, 124
compared and contrasted with
mongrel, 132
fowl and grouse, 50
fowl and peacock, 124
gradation in sterility of, 49, 103,
123
pheasant and grouse, 124
sterility of, not reciproecal, 124
variability of, 108
hyena, fossil, 190

Ichthyostega, 3
ictidosaurs, 3
improbability, 16
individual, meaning of term, 92
industrial melanism, 21
inheritance
delayed or latent, 78, 80, 226
of character at a time of life cor-
responding to that at which it
first appeared, 78, 80, 226
germinal, 79, 225, 226

inheritance of acquired characters,
see characters
insect
adapted to fertilize flowers, 115
feigning death, 144
metamorphosis, 150
variation in larvae, 228
instinct
birds feeding young, 56, 148
butterflies laying eggs on proper
plant, 141, 148
characterized by ignorance of end:
e.g. butterflies laying eggs, 54,
141
comb-making of bee, 147
due to germinal wvariation rather
than habit, 139
and faculty, 53, 145
for finding the way, 145
guided by reason, 55, 56, 140
migratory, 56; loss of, by wood-
cocks, 142; origin of, 145
natural selection applicable to, 56,
143
nest-building, gradation in, 55, 142,
144
periodic, i.e. for lapse of time, 145
requiring education for perfection,
140
variation in, 54, 136
instinets, complex, difliculty of believ-
ing in evolution of, 56, 143
intermediate forms, see forms
island, upheaved and gradually colo-
nized, 196
s¢e alse elevation, faunas, floras
islands, nurseries of new species, 69,
71, 186, 199
isolation, 68, 70, 07, 122, 195

Jacob, F., 11

jaguar, catching fish, 152
Jamoytius, 3

jelly-fish, 224, 233
Johannsen, W., 12

Judd, 24, 25, 38, 64, 161 n.
Jurniperus, hybridized, 124

Kettlewell, H. B. D., 21
Knight, A., 42 n., 98, 137

on domestication, 107
Knight-Darwin law, 102 n.
Kalreuter, 50, 124, 125, 130, 235

284



INDEX

Laburnwum, peculiar hybrid, 133

Lamarck, J. B. de, 1, 10, 78, 88, 111,
165, 206, 208, 277

reasons for his belief in mutability,
206

Lederberg, J., 11

Lemur, flying, 152 n.

Lepidosiren, 160 n., 219

lilae, sterility, 51, 127

limbs, vertebrate, of one type, 74, 221

Lindley, 127

Linnaeus

on generic characters, 200
on sterility of alpine plants, 127

Linnean Society, joint paper, see
Darwin and Wallace; Linnaeus
on sterility of alpine plants, 127

on generic characters, 209

Lonsdale, 163 n.

Lyell, Sir Charles, 4, 7, 8, 20, 36,
155 n., 158, 161 and n., 164 n.,
175, 185, 187, 191, 257, 265

doctrine ecarried to an extreme,
63

geological metaphor, 63 n., 161

uniformitarianism, 88 n.

views on imperfection of geological
record, 63

Macculloeh, 146 n.
Macleay, W. S., 210
Macrauchenia, 157
Magendie, 140
Malthus, T. R., 4, 6, 7, 8, 27, 46, 116,
118, 259
mammals
arctic, transported by icebergs, 184
distribution, 169, 170, 203; ruled
by barriers, 171
introduced by man on islands, 186
not found on oceanie islands, 186
relations in time and space, simi-
larity of, 180
of Tertiary period, relation to exist-
ing forms in same region, 188
man, fossil types of, 3
Marchant, J., 1
mare, Lord Morton’s, 183
marigold, style of, 83, 235, 230
Marr, Dr, 88
Marshall, 98
on sheep and cattle, 108 and n.
on horns of cattle, 214

marsupials, fossil in Europe, 189 n.,
180
pouch bones, 235, 230
Mastodown, 190
Matthew, P., 1
"l-I.I.I.I]]'JAE]'t.UI.H, . L. de; 1
Mayr, E., 21
Mendel, G., 9
metamorphosis
leaves into petals, 221
literal not metaphorical, 77, 223
migrants to new land, struggle among,
69, 197
migration, taking the place of varia-
tion, 199
mimicry, 2, 16
mistletoe, 45, 115, 118 n.
Mivart, criticisms, 149 n.
monstrosities
relation to rudimentary organs, 82,
236
as starting-points of breeds, 85, 93
Montesquieu, 1
Morgan, T. H., 9, 12
Moritzi, A., 1
morphology, 74, 220
terminology of, no longer meta-
phorically used, 77, 223
mouse, 171, 172
enormous rate of inerease, 117, 118
Mozart as a child, his skill on the
plano compared to instinct, 56 n.
mule, occasionally breeding, 124, 128
Muller, H. J., 9, 10, 11, 12
Miiller, F.
on consensual movements, 137
on recapitulation theory, 224
on variation under uniform condi-
tions, 41, 93
Murchison, 163 n.
musk-deer, fossil, 190
Mustela wison, 149 n., 153 n.
mutation, 7, 8, 15; see also sports
Mydas, 185
Mydaus, 185

Natural selection, see selection
Neanderthal, 3

nectarines on peach trees, 92
nest, bird’s, see instinet
Newton, Alfred, 152 n.
Newton, Isaac, 1, 9

nutria, see otter
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Ocean, depth of, and fossils, 61, 205
Opetiorhynchus, 112
organisms
all descended from a few parent-
forms, 87, 252
dependent on other organisms as
well as on physieal surroundings,
197
extinet related to existing, in the
same manner as representative
existing ones to each other, 69,
202
gradual introduction of new, 60, 144
graduated complexity in the great
classes, 231
immature, how subject to natural
selection, 78, 225, 231
introduced, beating indigenes, 171
OTgANSs
distinet in adult life, indistinguish-
able in embryo, 77, 223
perfect, objection to their evolu-
tion, 53, 149
rudimentary, 81, 234, 235; adapted
to new ends, 83, 239; caused by
disuse, 82, 238; compared to
monstrosities, 82
Ornithorhynchus, 61
Orpheus, 67
orthogenesis, 7, 243 n.
oscillation of level in relation to
continents, 69, 70, 200
ostrich, distribution of, 174
otter, 152, 184
marsupial, 208, 213, 218
Owen, R., 36, 224
owl, white barn, 112
Ozxalis, colour of flowers, 182 n.

Pachydermata, 157

Palaeotherium, 207

Pallas, 100, 101

on parentage of domestic animals,

108

pampas, imaginary case of farmer on,
67, 195

particulate inheritance, 14

partridge, infertility of, 128

peacock, 109, 124, 128

penguin, 149 n., 239

Pennant, 121 n.

perfection, no
towards, 231

inmherent tendency

petrel, 149 n., 218
Phascolomys, 211, 218
Phaseolus, cultivated form suflers
from frost, 134
pheasant, 124, 128
pig, 189, 222
in oceanie islands, 101
run wild on St Helena, 186
pigeon, 98, 111 n., 187, 139, 140, 150,
156 n.
see also wood-pigeon
pineapple, 73, 215
Pithecanthropus, 8
plants
alpine and arctic, migration of, 67,
181
alpine, characters common to, 178;
sterility of, 51, 127
fertilization, 102
migration of, to arctic and antarctic
regions, 182
see also floras
plasticity, produced by domestieation,
41, 96
Plesiosaurus, loss of unity of type in,
N, 223
Pliny on selection, 99
Poeppig, 137 n.
pole-cat, agquatic, 149 n., 153 n.
poppy, Mexican, 171
porpoise, paddle of, 74, 220
potatoe, 101, 105, 135
Prain, Col., 38
Proconsul, 8
pteropods, embryology, 224
Punnett, RH. C., 9

Quadrupeds, extinction of large, 165
quagga, 133
quinary system, 210

Rabbit, 105, 137, 238

race, the word used as equivalent to
variety, 121

races, domestie, classification of, 212

rarity, 64, 166

and extinction, 64, 167, 217

rat, Norway, 171

recessiveness, evolution of, 13

record, geological, imperfection of, 62,
160

regions, geographical, of the world,
G5, 169, 188
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formerly less distinet as judged by
fossils, 190

reindeer, 147
Rengger on sterility, 126
Rensch, B., 21
resemblance, analogical, 72, 208
reversion, 43, 07, 101, 105
Rhea, 174
Rhinoceros, 166

abortive teeth of, 81, 234

three oriental species of, 83, 249
Rhododendron, 124, 125
Richardson, 153 n.
robins, inerease in numbers, 117, 118
rock-thrush of Guiana, 120
‘roguing’, 97
rose, moss, 92

Scotch, 101
rudimentary organs, see organs
Ruminantia, 157 and n.
Rutherford, H. W., 36

St Hilaire, G., 1
on races of dogs, 131
on sterility of tame and domestic
animals, 50, 127
savages, domestic animals of, 99, 100,
123
seakale, 110
seal, 121 n., 152
selection, human, 43, 06
great effect produced by, 43, 119
methodical, effects of, 43, 97, 264
necessary for the formation of
breeds, 97
references to the practice of, in past
times, 99
unconscious, 43, 99
selection, natural, 6,13,27,46,116,272
compared to human, 114, 121, 228
difficulty of believing, 53, 143, 149
of instinects, 56, 143
selection, sexual, two types of, 48, 120
Seymouria, 3
sheep, 100, 108, 140, Z12
Ancon variety, 94, 89, 104
inherited habit of returning home
to lamb, 138
‘transandantes’of Spain, migratory
instinct of, 138, 140, 146 n.
silk-worms, variation in larval state,
80, 228
Simpson, G. G., 15, 17

skull, morphology of, 76, 221
Smith, Jordan, 159
sparrow, 142, 148
species
evolution of, compared to birth of
individuals, 168, 207, 253
gradual appearance and disappear-
ance of, 60, 163
representative, in archipelagos, 198
representative, seen in going from
N. to 5. in a continent, 66, 173
not ereated more than onee, 183,
185, 201
persistence of, unchanged, 202, 207
small number in New Zealand as
compared to the Cape, 186, 201
sterility of crosses between, sup-
posed to be criterion, 49, 155
survival of a few, among many
extinct, 164
and wvarieties, difficulty of distin-
guishing, 44, 111, 206
wide-ranging, 70, 164
Spencer, H., 21
sports, 41, 92, 93, 97, 105, 122, 150,
197, 214, 228
Sprengel, 235
squirrel, flying, 152
Stapf, Dr, 38
sterility
due to eaptivity, 50, 108 n., 127
produced by conditions, compared
to sterility due to crossing, 127,
128
of species when crossed, 48, 59, 123,
125, 129
of various plants, 15, 128
Strickland, 36
struggle for life, 46, 119, 120, 166, 242
Sturtevant, A. H., 9, 12
subsidence
of continent leading to isolation of
organisms, 201
importance of, in relation to fossils,
61, 71, 205
not favourable to birth of new
species, 206
Suchetet, 124 n.
Sus, 156
swan, species of, 131
sweet-william, 92
swimming bladder, 53, 150
Syringa, persica and chinensis, see lilac
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system, natural, is genealogical, 73,
215
systematics, 20

tailor-bird, 55, 141
tapir, 156
teazle, 150
telegony, 133
Thiselton-Dyer, Sir W., 38, 182
Thuja, hybridized, 124
tibia and fibula, 84, 157
time, enormous lapse of, in geological
epochs, 61, 160
tortoise, 165
Toxodon, 61
transitional forms, see forms
tree-frogs in treeless regions, 152
Trigonia, 166 n., 207
Tsehermak, E., 9
tuco-tuco, blindness of, 82, 238
tulips, *breaking’ of, 92
turkey, Australian bush-, 143 n., 144
turnip, Swedish and common, 212
tyvpe
persistence of, in continents, 174,
191
uniformity of, lost in Plesiosaurus,
Pl
unity of, 74, 220
Tyrannus, 67

Uniformitarian views of Lyell, bear-
ing on evolution, 249

use, inherited effects of, see characters,
acquired

variability
produced by change and also by
crossing, 130
as specific character, 112
variance, conservation of, 14
variation
analogous in species of same genus,
132
causes of, 41, 438, 91, 95
under domestication, 41, 91, 96, 108

due to causesactingon reproductive
system, see variation, germinal
due to crossing, 100, 101
germinal, 41, 77, 95, 226
individual, 91 n.
limits of, 105, 107, 113, 134
in. mature life, 92, 228, 220
of mental attributes, 54, 136
minute, value of, 119
results of, without selection, 113
small in state of nature, 43, 93 n.,
111, 112
by sports, see sports
varieties
minute, in birds, 112
resemblance of, to species, 111 n.,
112, 131, 268
vertebrate skull, morphology of, 220
vine, peculiar hybrid, 133

Wallace, A. R., 1, 7, 84, 88, 66 n.,
185 n., 257, 268

water-ouzel, 55, 142

Waterhouse, 147

Weismann, A., 9, 10

Wells, W. C., 1

Western, Lord, 48, 98, 119

whale, rudimentary teeth, 81, 234

Whewell, 37, 208

wildness, hereditary, 136, 142

wolf, 103, 112

woodcock, loss of migratory instinet,
142

woodpecker, 45, 53, 149 n., 166

in treeless lands, 45, 152

wood-pigeon, 144

Woodward, H. B., 163 n.

Wrangel, 142 n.

wren, golderested, 142

willow, 131, 166
Wright, 5., 12

Yak, 103
vew, weeping, seeds of, 94

Zacharias, Darwin’s letter to, 26





