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PREFACE TO FIRST LEDITION

THE present work treats the problem of the Origin of Species
on the same general Hnes as were adopted by Darwin; but
from the standpoint reached after necarly thirty years of
discussion, with an abundance of new facts and the advocacy
of many new or old theories.

While not attemapting to deal, even in outline, with the
vast subject of evolution in general, an endeavour has been
made to give such an account of the theory of Natural Selec-
tion as may cnable any intelligent reader to obtain a clear
coneeption of Darwin’s work, and to understand something
of the power and range of his great principle.

Darwin wrote for a generation which had not accepted
evolution, and which poured contempt on those who upheld
the derivation of species from speeies by any natural law of
descent.  He did his work so well that ““descent with
modification” is now universally accepted as the order of
nature in the organic world; and the rising generation of
naturalists can hardly realise the novelty of this idea, or that
their fathers considered it a scientific heresy to be condemned
rather than seriously discussed.

The objections now made to Darwin’s theory apply, solely,
to the particular means by which the change of species has
been brought about, not to the fact of that change. The
objectors seck to minimise the agency of natural selection
and to subordinate it to laws of variation, of use and disuse,
of intelligence, and of heredity. These views and objections
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are urged with much foree and more confidence, and for the
most part by the modern school of laboratory nuturalists, to
whom the peculiarities and distinctions of species, as such,
their distribution und their affinities, have little interest as
compared with the problems of histology and embryology,
of physiology and morphology.  Their work in these depart-
ments {8 of the greatest intorest and of the highest impertance,
but it is not the kind of work whieh, by itsclf, enables one to
form a sound judgment om the questions involved i the
action of the Jaw of natural selection.  These rest nmuainly on
the external and vital relations of species to species in a state
of nature—on what has been well termed by Semper the
“physiology of urganisms,” rather than on the unatomy or
physiology of organs,

It has alwuys beenr considered a woakness in Darwin’s
work that he based his theory, primarily, on the evidence of
variation in domesticated animals and enltivated plants, 1
have endeavoured to securc a firm foundation for the theory
in the variations of organisms in a state of nature; and as
the exact amount and precise character of these variations is
of paramount importance in the numerous problems that
arise when we apply the theory to explain the facts of nature,
I have endeavoured, by means of a series of diagrums, to
exhibit to the eye the actual variations as they are found fo
oxist in a sufficient number of specics. By doing this, not
only does the reader obtain a better and more precise idea of
variation than can he given by any number of tabular state-
ments or cases of extreme individual variation, but we obtain
a basis of fact by which to test the statements and objections
usually pnt forth on the subjeet of specific variability ; and it
will be found that, throughout the work, I have frequently to
appeal to these diagrams and the facts they illustrate, just as
Darwin was accustomed to appeul to the facts of variation
among dogs and pigeons.
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I have also made what appears to me an important change
in the arrangement of the suhject. Instead of treating first
the comparatively difficuls and unfamiline details of vaviation,
I commence with the Struggle for Existence, which is really
the fundamental phenomenon on which natural selection
depends, while the puarticular facts which illustrate it are
comparatively fmwiliar and very interesting. It has the
further wdvuntage that, after discussing variation and the
offects of artificial selection, wo procecd at onee to explain
how natural selection acts.

Among the subjects of novelty or interest discussed in this
volume, and which have important hearings on the theory of
natural selection, are : (1) A proof that all specific characters
are {(or onee have heen) either useful in themselves or cor-
related with useful charvacters (Chap. VI); (2) a proof that
natural sclection can, in certain enses, inercase the sterility of
crosses (Chap. VII); (3) o fuller discussion of the colour
relations of animals, with additional fucts and arguments on
the origin of sexual differences of colour (Chaps. VIII-X);
(4) an attempted solution of the difficulty presented by the
ocenrrence of both very simple and very complex modes of
securing the erossfertilisation of plants (Chap. XI); (5) some
fresh facts and arguments oh the wind-cartiage of seeds, and
its bearing on the wide dispersal of many arvetic and alpine
pMants (Chap. XII); (6) some new illustrations of the non-
heredity of acquired eharacters, and a proof that the effects of
uso and disuse, even if inherited, must be overpowered by
natural seloction (Chap. XIV); and (7} o new argument as to
the nature and origin of the moral und intellectual faculties
of man {Chap, XV),

Althongh 1 maintain, and even enforee, my differences
from some of Darwin’s views, my whole work tends foreibly
to illustrate the overwhelming importance of Natural Selec-

tion over all other agencies in the produnetion of new species.
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I thus take up Darwin’s earbier position, from which he some-
what receded in the later cditiong of his works, on account
of eriticisms and objections which I have endeavoured to show
are unsound.  Fven in rejecting that phase of sexual selection
depending on female choice, I insist on the greater effieacy
of natural selection. This is pre-eminently the Darwinian
doctrine, and I therciore claim for my Look the position of
being the advocate of pure Durwinism.

T wish to express my obligation to Mr, Francis Darwin for
lending me some of his father’s unused notes, and to many other
friends for facts or mmformation, which have, I believe, been
acknowledged ejther in the text or footnotes.  Mr. James Sime
has kindly read over the proofs and given me many useful
suggestions ; and I have to thank Professor Meldola, Mr.
Hemsley, and Mr. E. B. Poulton for valuable notes or
corrections in tho later chapters in which their speetal subjects
are touched upon,

GODALMING, Mareh 1864
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CHAPTER T

WIIAT ARE “ SPEC[ES,” ANT} WITAT IS MEANT DY
THEIR  ORIGIN 7

Definition of specics—Special ereation—The early Transmutationists—
Scientific opimon  before Tlarwin—The problem hefore Darwin—
The change of opinion effected by Darwin—The Darwinian theory
—Proposul mede of treatment of the subject.

Tar title of Mr. Darwin’s great work is—On the Origin of
Species by means of Netural Scleclion and the DPreservation of
Fovowred Races in the Struggle for Life. In order to ap-
preciate fully the aim and object of this work, and the
change which it has effected not only in natural history but
in many other seiences, it is necessary to form a clear con-
ception of the meaning of the term “species,” to know what
was the gencral belicf regarding them at the time when Mr.
Darwin’s hook first appeared, and to understand what he
meant, and what was generally meant, by discovering their
“origin.” It is for want of this preliminary knowledge that
the majority of educated persons who are not naturalists are
so ready to accept the innumerable objections, eriticisms, and
difficulties of its opponents as proofs that the Darwinian
theory is unsound, while it also renders them unable to ap-
preciate, or even to comprehend, the vast change which that
theory has effected in the whole mass of thought and opinion
on the great questioh of evolution,

The term “species ” was thus defined by the celebrated
botanist De Candolle: “ A species is a collection of all the
individuals_which resemble each other more than they
resemble anything else, which can by mutual fecundation

B
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produce fertile individuals, and which reproduce themsclves

by generation, in such s manner that wo_nay from an: Ll()ﬂ'¥
suppose_them_all to have sprune from one single individual,”

And the zoologist Hwainson gives a somewhat similar defini-
tion: © qpcu s, in the 11&:1111 acucpt‘ltlon of tho term, is an
animal Ehldl in a state of natur‘c! is distinguished by certain

peculiaritics_of form, size, cotour, or p_thgl urcmp_spfl;n‘qgs , from
another animal It propagates, ‘after its kind, individuals
perfectly resembling the parent; its peculiaritios, therefore,
are permanent.” !

To illustrate theserdefinitions we will take two common
English birds, the rook (Corvus frugilegus) and the crow
(Corvus corone). These are distinct speries, becanse, in the first
place, they always differ from cach other in certain shght
peculiaritios of structure, form, and habits, and, in the second
place, because rooks always produce rooks, and crows produce
crows, and they do not interbreed. It was therefore con-
cluded that all the rooks in the world had descended from a
single pair of rooks, and the c¢rows in like manner from a
single puir of crows, while 1t was consiclered impossible that
crows could have descended from rovks or #ice versi. The
“origin® of the first pair of each kind was a mystery.
Similar remarks may be applied to our two common plants,
the sweet violet (Viola odorata) and the dog violet (Viel
canina).  These also produce their like and never produce
each other or intermingle, and they were therefore each
supposed to have sprung from a single individual whose
“origin ¥ was unknown. But besides the erow and the rook
thore are about thirty other kinds of birds in various parts of
the world, all so much like our speeies that they receive tho
common name of crows; and some of them differ less from
cach other than docs our crow from our rook. 'These are all
species of the genus Corvus, and were therefore believed to
have been always as distinet as they are now, neither more
nor less, and to have each descended from one pair of ances-
tral crows of the sume identical species, which themselves had
an unknown “origin”  Of violets there are more than a
hundred different kinds in various parts of the world, all
differing very slightly from each other and forming distinet

L Qeography wnd Classification of Animals, p. 3590,
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that they might be all produc.

most eminent of those writers was o _

Lamarck, who published an elaborate work, the ..
Zuglogique, in which he endeavoured to prove that all .
mals whatever are descended from other species of animals.
He attributed the change of species chicfly to the effect of
changes in the conditions of life—such as climate, food, ete.—
and especially to the desires and eflorts of the animals them-
selves to improve their condition, leading to a modification of
form or size in certain parts, owing to the well-known physio-
logical law that all organs are strengthened by constant use,
while they are weakened or even completely lost by disuse.
The argunents of Lamarck did not, however, satisfy naturalists,
and thongh a fow adopted the view that closely allied species
had descended from each other, the general helief of the
odueated public was, that ench species was a “speeial creation”
quite independent of all others; while the great body of
naturalists equally held, that the change from one species
to another by any known law or cause was impossible,
and that the “origin of species” was an unsolved and
probably insoluble problem. The only other important work
deualing with the question was the cclebrated Pestiges of
Creation, published anonymously, but now acknowledged to
have been written by the late Robert Chambers. In this
work the action of general laws was traced throughout the



.l

wore slightly

oecies, NOr Wias any

,uu constunt differences should

Stientific Opinion before Darwin.

In order to show how little effect these writers had upon
the public mind, I will quote u few passages from the
writings of Sir Charles Lyell, as representing the opinions
of the most advanced thinkers in the period immediately
preceding that of Darwin’s work.  When reeapituluting the
facts and arguments in favour of the invariability and
permanence of specics, he says: “The entire variation from
the original type which any given kind of change can pro-
duee may usually he effected in a brief period of time, after
which no further deviation can be obtained by eontinuing to
alter the circumstances, though ever so gradually, indefinite
divergence either in the way of improvement or deterioration
being preventod, and the least possible excess beyond the
defined limits heing fatal to the existence of the individual.”
In another place he maintains that ““varieties of some species
may differ more than other species do from each other
without shaking our confidence in the reality of species, "
He further adduces certain facts in geology as being, in his
opinion, “fatal to the theory of progressive development,”
and he explaing the fact that there are so often distinct
species in countries of similar climate and vegetation by
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“special creations” in cach country; and these conclusions
were arrived at after a carcful study of Lamarck’s work, a full
abstract of which is given in the earlier editions of the
Principles of Geology.t

Professor Agassiz, ono of the greatest naturalists of the last
generation, went cven further, and maintained not only that
cach species was specially created, but that it was created in
the proportions and in the localities in which we now find it
to cxist. The following extract from his very instructive
hook on Iake Superior expluins this view: “There are in
animals peeuliar adaptations which are characteristic of their
species, and which cannot be supposed to have arisen from
subordinate inflnences.  Thaose which live in shoals cannot be
supposed to have heen created in single pairs. Those which
are made to he the food of others eannot have been created
in the same proportions as those which live upon them.
Those-which are everywhere found in innumerable specimens
must have Leen introdiced in munbers capable of maintaining
their normal proportions to those which live isolated and are
comparatively und constantly fewer. For we know thut this
harmony in the numerical proportions hetween animals is
one of the great laws of nature. The circumstance that
species ocenr within definite imits where no obstacles prevent
their wider distribution leads to the further inference that
these limits were assigned to them from the beginning, and
so we should come to the finul conclusion that the order
which prevails throughout nature is intentional, that it is
regulated by tho limits marked out on the first day of
creation, and that it has been maintained unchanged through
ages with no other modifications than those which the higher
intellectual powers of man enable him to impose on some
few animals more closely connected with him.” 2

Theso opinions of some of the most eminent and influential
writers of the pre-Darwinian age seem to us, now, either
altogether cbsolete or positively absurd; but they nover-
tholess oxhibit the menfal condition of even the most
advanced section of seientific men on the problem of the

1 These expressions occur in Chapter IX. of the earlier editions {to the
niuth} of the Principles of Geolugy.
% L. Agassiz, Lake Superior, p. 377,
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natnre and origin of species. They render it cloar that,
notwithstanding the vast knowledge and ingenious reasoning
of Lamarck, and the more general exposition of the sulject by
the author of the Festiges of Creation, the first step had not
been taken towards a satisfactory explanation of the deriva-
tion of any one species from any other. Such eminent
naturalists as (Geoffroy Saint Hilaire, Dean Herbert, Professor
Grant, Von Buch, and some others, had expressed their helief
that species nrose as simple varieties, and that the species of
each genus were all descended from w common ancestor ; hut
none of them gave a clue as to the law or the method by
which the change had been effected.  This was still “the great
mystory.”  As to the further question—how far this common
descent could be carried ; whether distinet families, such as
crows and thrushes, could possibly have descended from each
other; or, whether all birds, including such widely distinct
types as wrens, eagles, ostriches, and ducks, eould all be the
modified descendants of a common ancestor ; or, still further,
whether mammalia, birds, reptiles, and fishes, conld all have
had a common origin ;—these questions had hardly come up
for discussion at all, for it was felt that, while the very first
step along the road of *transmutation of species” (as it was
then ealled) had not been made, it was quite useless to
speculate as to how far it might be possible to travel in the
same direction, or where the road would ultimately lead to.

The Problem before Darwin.

Tt is clear, then, that what was understood by the “origin”
or the “transmutation”™ of species before Darwin’s work
appeared, was the comparatively simple question whether the
allied species of each genus had or had not been derived from
one another and, remotely, from some eommon ancestor, by
the ordinary method of reproduction and by means of laws
and conditions still in action and capable of being thoroughly
investigated. If any naturalist had heen asked at that day
whether, supposing it to be elearly shown that all the different
species of each genus had been derived from some one
ancestral species, and that a full and complete explanation
were to be given of how each minute difference in form,
colour, or structure might have originated, and how the
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several peculiavities of habit and of geographical distribution
might have been brought about—whether, if this were done,
the “origin of species” would be discovered, the great
mystery solved, he would undoubtedly huve replied in the
aflivmative.  He would probably have added that he never
expeeted any such marvellous discovery to be made in
his lifetime.  But so much as this assuredly Mr. Darwin has
done, not only in the opinion of his disciples and admirers,
but by the admissions of those who doubt the completencss
of his explanations. For almost all their objections and
difficultics apply to those larger differences which separate
gencra, familics, and orders from each other, not to those which
separate one species from the species to which it is most newrly
allicd, and from the remaining species of the same genus. They
adduce such diffienlties as the first development of the eye, or
of the milk-producing glands of the mammalia ; the wonderful
instincts of bees and of ants; the complex arrangements for
the fertilisation of orchids, and nnmerons other points of
structure or habit, as not being satisfactorily explained.  Bug
it is evident that these peeuliarities had their origin at a very
remote period of the earth’s history, and no theory, however
complote, ean do more than afford a probable conjecture as to
how they were produced. Our ignorance of the state of the
carth’s surface and of the conditions of life at those remoto
periods is very great; thousands of animals and plants must
have existed of which we have no record; while we ure
usually without any information as to the habits and general
life-history even of those of which we possess some fragmentary
remains ; so that the truest and most complete theory would
not enable us to solve all the difficult problems which the
whole course of the development of life upon our globe
presents to us.

What we may expect a true theory to do is to enable us
to comprehend and follow out in some detail those changes in
the form, structure, and relations of animals and plants which
are effected in short periods of time, geologically speaking,
and which are now going on around us. We may expect it
to explain satisfactorily most of the lesser and superficial
differences which distinguish one specics from another. We
may expect it to throw light on the mutual relations of the
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animals and plants which live together in any cne country,
and to give some rational account of the phenomena preseated
by their disiribution in different purts of the world. And,
lastly, we may expeet it to explain many difficulties and to
harmonise many incongruitics in the excessively complex
affinities and relations of living things. Al this the Darwiniun
theory undoubtedly doez. It shows us how, by means of
some of the most universal and over-acting laws in nature,
new speeics ure neeessarily produced, while the old species
become extinet ; and ¥ enables us to understand how the
continuons action of these laws during the long periods with
which geology makes us aequainted is caleulated to bring
about those greater differences presented hy the distinet
genera, families, and orders into which all living things are
classified by naturalists. The differences which these present
are all of the same nefure as those presented by the speeies of
many large genera, hut much greator in emeent ; and they ean
all be explained by the action of the same general laws and
by the extinction of a larger or smaller number of intermediate
specics.  Whother the distinctions between the higher groups
termed Classes and Sub-kingdoms may be accounted for in
the same way is a much more difficnlt question. The differ-
ences which separate the mammals, hirds, reptiles, and fishes
from each other, though vast, yet seem of the same nature as
those which distingutsh a mouse from an elephant or a
swallow from a goose. [Iut the vortebrate animals, the
molhusen, and the insects, are so radically distinet in their
whole organisation and in the very plan of their structure,
that objectors may not unreasonably doubt whether they can
all have been derived from a common ancestor by means of
the very same laws as have sufficed for the differentiation
of the various species of birds or of reptiles.

The Change of Opinion effected by Darwin.

The point T wish especially to urge is this. Before
Darwin’s work appeared, the great majority of naturalists, and
almost without exception the whole literary and scientific
world, held firmly to the belief that species were realities, and
had not been derived from other species hy any process
accessible to us; the different specios of crow and of violet
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were believed to have been always as distinet and separate as
they are now, and to have originated by some totally unknown
process so far removed from ordinary reproduction that it was
usually spoken of as “special ereation.” There was, then, no
question of the orizin of families, orders, and classes, heecause
the very first step of all, the “origin of species,” was helieved
to be an insoluble problem. DBut now thisis all changed. The
whole scientifiec and literary world, ¢ven the whole educated
public, accepts, as a matter of common knowledge, the origin
of species from other allied species by the ordinary process of
natural hirth.  The idea of special ereation or any altogether
exceptional mode of production is’absolutely extinet! Yet
more ; this is held also to apply to many higher groups as
well us to the speecies of a genus, and not even Mr, Darwin’s
severest critics venture to suggest that the primeval bird,
reptile, or fish must have heen it '-.pu,lally created.”  And thls
vast, this totally unprecedented change in publie opinion has
been the result of the work of one man, and was hrought
about in the short space of twenty years! This is the answer
to those who continue to maintain that the “origin of species” is
not yet discovered ; that there ure still doubts and diffieulties ;
that there are divergencies of structure so great that we
canmot understand how they had their beginning. Wo may
admit all this, just as we may admit that there are enormons
diffienltios in the way of a eomplote comprehension of the
origin and nature of all the parts of the solar system and of
the stellar universe. Dut we claim for Darwin that he is the
Newton of natural history, and that, just so surely as that the
discovery and demonstration by Newton of the law of gravita-
tion established order in placo of chaos and laid a sure founda-
tion for all future study of the starry heavens, so surcly has
Darwin, by his discovery of the law of natural selection
and his demenstration of the great prineiple of the preserva-
tion of useful variations in the struggle for life, not only thrown
a flood of light on the process of development of the whole
organie world, but also established a firm foundation for all
future study of nature,

In order to show the view Darwin took of his own Work
and what it was that he alone claimed to have done, the
concluding passage of the introduction to the Origin of
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Species should be earefully considered. It is as follows:
“ Although much remains obscure, and will long remain
obscure, I can entertain no doubt, after the most deliberate
and dispassionate judgment of which T am capable, that the
view which most naturalists until reeently entertained and
which I formerly entertzined-—namely, that each species has
heen independently created—is crroncous. I am fully con-
vinced that specics are not immutable; but that those
belonging to what are called the sume genera are lineal
descendants of some othgr and generally extinet specics, in
the same manner as the acknowledged varioties of any one
species are the descendants of that species. Turthermore, I
am convinced that Nutural Selection has been the most im-
portant, but not the exclusive, means of modification.”

It should he especially noted that all which is here claimod
is now almost universally admitted, while the criticisms of
Darwin’s works refer almost exclusively to those numerous
questions which, as he himself says, “will long remain
chscure,”

The Darwinian Theory.

As it will be necessary, in the following chapters, to set
forth a considerable body of facts in almost every department
of natural history, in order to establish the fundamental
propositions on which the theory of natural selection rests,
I propose to give a preliminary stateraent of what the theory
really is, in order that the reader may better appreciate the
necessity for discussing so many details, and may thus feel a
more enlightened interest in them. Many of the facts to be
adduced are so novel and so curious that they are sure to he
appreciated by every one who takes an interest in nature, but
unless the need of them is elearly seen it may be thought that
time is being wasted on mere curions details and strange facts
which have little bearing on the question at issue.

The theory of natural selection rests on two main classes
of facts which apply to all organised beings without exception,
and which thus take rank as fundamental principles or laws,
The first is, the power of rapid multiplication in a geometrical
progression ; the second, that the offspring always vary slightly
from the parents, though generally very closely resembling
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find it to harmonise with the development hypothesis, that
Darwin devoted the whole of his life to collecting fuets und
muking experiments, the record of a portion of which he has
given us in a series of twelve masterly volumes.

Proposed Mode of Treatment of the Sulject.

It is evidently of the most vital importance to any theory
that its foundations should be absolutely secure. It is
therefore necessary to show, by a wide and comprehensive
array of facts, that animals and plants do perpetually vary in
the manner and to the amount requisite ; and that this takes
place in wild animals as well as in those which are domesti-
cated. It 1y necessary also to prove that all organisms do
tend to increase at the great rate alleged, and that this
inerease actually oecurs, under favourable conditions. We
have to prove, further, that variations of all kinds cun be
increased and accumulated by selection ; and that the struggle
for existence to the extent here indicated actually occurs in
natnre, and leads to the continued preservation of favourable
variations.

These matters will he discussed in the four succeeding
chapters, though in a somewhat different order—the struggle
for cxistenee and the power of rapid multiplication, which is
its cause, oceupying the first place, 'as comprising those facts
which are the most fundamental and those which can be
perfectly explained without any refercnce to the less generally
understood facts of variation.  These chapters will be followed
by a disenssion of certain ditfieulties, and of the vexed question
of hybridity. Then will come a rather full account of the
more Important of the complex relations of organisms to each
other and to the earth itself, which are either fully explained
or greatly elucidated by the theory. The concluding chapter
will treat of the origin of man and his relutions to the lower
animals.



CIHAPTER 1I

THE STRUGGLE FOR EXISTENCE

Its importance—The struggle argong plants— Among animals—Ilustrative
easos —Suceession of trees in forests of Denmark—'The struggle for
existence on the Pampas—Increase of organisms in a geometrical
ratio— Examples of great powers of iucrease of aniinals--Rapid
inerease and wide spread of plants—Great fertility not essential to
rapid inerease—Strugglo betweon closely allied species most severe—
The ethical aspect of the struggle for existence,

THERE is perbaps no phenomenon of nature that is at once
50 impotrtant, so universal, and so little understoed, as the
struggle for existence contimually going on among all organ-
ised beings. To most persons mature appears calm, orderly,
and peaceful. They sco the birds singing in the trees, the
insects hovering over the flowers, the squirrel climbing among
the tree-tops, and all living things in the possession of health
and vigour, and in the enjoyment of a sunny existence. But
they do not see, and hardly ever think of, the means by which
this beauty and harmony and enjoyment is brought about.
They do not see the constant and daily search after food, the
failure to obtain which means weakness or death ; the con-
stant effort to escape enemies; the ever-recurring struggle
against the forces of nature. This daily and hourly struggle,
this incessant warfare, is nevortheless the very means by which
much of the beauty and harmony and enjoyment in nature is
produced, and also affords one of the most important elements
in bringing ahout the origin of species. We must, therefore,
devote some time to the consideration of its various aspects
and of the many curious phenomena to which it gives rise,

It is a matter of common observation that if weeds are
allowed to grow unchecked in a garden they will soon destroy
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a number of the flowers. It is not so commonly known that
if & garden iz left to become altogether wild, the weeds that
first take possession of it, often covering the whole surface of
the ground with two or three different kinds, will themsclves
be supplanted by others, so that in a few years many of
the original flowers and of the earliest weeds may alike have
disappeared. This is one of the very simplest cases of the
struggle for existence, resulting in the successive displacement
of one set of species by another; but the exact causes of this
displacement are by no means of such a simple nature.  All
the plants concerned may he perfeetly hardy, all may grow
freely from seed, yet when left alone for a number of years,
each set is in turn driven ont by a succeeding set, till at the
end of a considerable pericd-—a century or a few centuries
perhaps—hardly one of the plants which first monopolised
the ground would be found there.

Another phenomenon of an analogous kind is presented by
the different behaviour of introdueed wild plants or animals
into countries apparently quite as well suited to them as
those which they naturally inhabit. Agassiz, in his work on
Iake Superior, states that the roadside weeds of the north-
eastern United States, to the number of 130 speeies, are all
Europcun, the native weeds having disappeared westwards;
and in New Zealand there are no less than 250 species of
naturalised Kuropesn plants, more than 100 species of which
have svread widely over the country, often displacing the
native vagetation. On the other hand, of the many hundreds
of hardy plants which produece seed freely in our gardens,
very few ever run wild, and hardly any have become common.
Even attempts to naturalise suitable plants usually fail ; for
A. de Candolle states that several botanists of Paris, Geneva,
and especially of Montpellier, have sown the seeds of many
hundreds of species of hardy exotic plants in what appeared
to be the most favourable situations, but that, in hardly a
single case, has any one of them becoms naturalised.! Even
a plant like the potato—so widely cultivated, so hardy, and so
well adapted to spread by means of its many-eyed tubers—hag
not established itself in a wild state in any part of Europe.
It would be thought that Australian plants would easily run

1 Qéographic Botanigue, p. T98,
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wild in New Zealand. But Sir Joseph Hooker informs us
that the late Mr. Bidwell habitually scattered Australian seeds
during his extensive travels in New Zealand, yet only two or
three Australian plants appear to have established themsetves
in that country, and these only in cultivated or newly moved
goil.

These few illustrations sufliciently show that all the plants
of a conntry are, as De Candolle says, at war with cach other,
each one struggling to occupy ground at the expense of its
ncighbour.  But, besides this direct competition, there is one
not less powerful arising from the exposure of almost all plants
to destruction by animals.  The buds are destroyed by birds,
the leaves by caterpillars, the sceds by weevils; some inscets
hore into the trunk, others burrow in the twigs and leaves;
stugs devour the young secdlings and the tender shoots, wire-
worms gnaw the roots.  Ierbivorous mammals devour many
species bodily, while some uproot and devour the buried
tubers.

In animals, it is the eggs or the very young that suffer most
from their various enemies; in plants, the tender seedlings
when they first appear above the ground. To illustrate this
latter point Mr. Darwin cleared and dug a piece of ground
three feet long and two feet wide, and then marked all the
scedlings of weeds and other plants which came up, noting
what beeame of them. The total numbor was 357, and out
of these no less than 295 were desiroyed by slugs and insects.
The direct strifo of plant with plant is almost equally fatal
when the stronger are allowed to smother the weaker, When
turf {8 mown or closely browsed by animals, a number of
strong and weak plants live together, because nene are allowed
to grow much beyond the rest; but Mr. Darwin found that
when the plants which compose such turf are allowed to
grow up freely, the stronger kill the weaker. In a plot of
turf threc feet by four, twenty distinet species of plants were
found to be growing, and no less than nine of theso perished
altogether when the other speeies were allowed to grow up
to their full size.!

But besides having to protect themselves against competing
plants and against destructive animals, there is a yet deadlier

1 The Orinin of Species, p. 53.
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enemy in the forces of inorganic nature. Fach species can
sustain a certain amount of heat and cold, each requires a
certain amount of moisture at the right season, each wants
a proper amonnt of light or of direct sunshine, each noeds
certuin olements in the soil; the failure of a due proportion
in these inorganic conditions causes weaknoss, and thus leads
to speedy death. The stragele for extstence in plants is,
therefure, threefold in cluracter and infinite in complexity,
and the result is scen in their curiously irregular distribution
over the face of the carth. Not only has each country its
distinct plants, but every valley, every hillside, almost every
hedgerow, has a different set of plants from its adjacent valley,
hillside, or hedgerow—if not always different in the actual
species yet very different in eomparative abundance, somo
which are rare in the one being common in the other, 1lence
it happens that slight changes of conditions often produce
great changes in the flora of a eountry. Thus in 1740 and
the two following yeurs the larva of o moth (Phalna graminis)
committed such destruction in many of the meadows of
Sweden that the grass was greatly diminished in quantity,
and many plants which were before choked by the grass
gprang np, and the ground became variegated with a mnlti-
tude of ditferent species of flowers. The introduction of goats
into the island of St. Helena led to the entire destruction of
the native [orests, consisting of about o hundred distinet species
of trees and shrubs, the young plants being devoured by
the goats us fast as they grew up. The camel is o still greater
encmy to woody vegetation than the goat, and Mr. Marsh
believes that forests would soon cover considerable tracts of
the Arabian and African deserts if the goat and the camel
were removed from them.! Even in many parts of omwr own
country the existence of trees is dependent on the absence of
cattle,  Mr. Darwin observed, on some extensive heaths near
Farnham, in Surrey, a few clumps of old Seotch firs, but no
young trees over hundreds of acres.  Some portions of the heath
had, however, been enclosed o few years before, and these en-
closures were crowded with young firtrees growing too close
together for all to live; and these were not sown or planted,
nothing having been done to the ground beyond enclosing it
1 The Furth as Modified by Huwmnan Action, p. 51,
G
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so as to keep out eattle.  On ascertaining this, Mr. Darwin
wag so much sirprised that he searched among the heather in
the unenclosed parts, and there he found multitudes of little
trecs and seedlings which had been perpetually browsed down
by the cattle. In one square yard, at a point about a hundred
yards from one of the ofd clumps of firs, he eounted thirty-
two little trees, and one of them had twenty-six rings of
growth, showing that it had for many years tried to raise its
head above the stems of the heather and had failed.  Yet
this heath was very extensive and very barren, and, us Mr.
Darwin remarks, no one wofild ever have imagined that cattle
would have so closely and =o eflectnally scarched it for food,
In the case of animals, the competition and struggle are
more obvious. The vegetation of a given district can onty
support a certain number of antmals, and the different kinds
of plant-eaters will compete together for it.  They will also
have insects for their competitors, and these inscets will be
kept down by hirds, which will thus assist the mammalia.
But there will aizo he carnivora destroying the herlivora;
while small rodents, like the lemmming and some of the field-
mice, often destroy so much vegetation as materially to affect
the fooed of all the other groups of animals. Droughts, floods,
severc winters, storms and hurricanes will injure these in
various degrees, but no one species can ho diminished in
numbers without the effect being felt in various complex ways
by all the rest. A fow illustrations of this reciproeal action
nust be given. '

Tlustrative Cases of the Struggle for Life.

Sir Charles Lyell observes that if, by the attacks of scals
or other marine foes, salmon are reduced in numbers, the
consequence will be that otters, living far inland, will ho
deprived of food and will then destroy many young birds or
quadrupeds, so that the increase of a marine animal may
cause the destruction of many land animals hundreds of miles
away. Mr Darwin carcfully observed the effects produced
by planting a few hundred acres of Scotch fir, in Staflordshire,
on part of o very cxtensive heath which had never been
cultivated. After the planted portion was about twenty-five
years old he observed that the change in the native vegetation
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was greater than is often seen in passing from one quite
different soil to another. DBesides a groat change in the pro-
portional numbers of the native heath-planis, twelve species
which could not be found on the heath flourished in the
plantations.  The effect on the insect life must have been still
greater, for six insectivoreus Dlirds which were very common
in the plantations were not to be scen on the heath, which
was, however, frequented by two or three ditferent species of
insectivorous birds. It would have required continued study
for several ycars to determine all the diffcrences in the
organic lifc of the two areas, hut the facts stated by DMr.
Darwin are sufficient to show how great a change may he
cellfected by the introduction of a single kind of tree and the
keeping out of cattle.

The next case 1T will give in My, Darwin’s own words:
“1n several parts of the world inscets determine the existence
of cattle.  Perhaps Paraguay offers the most curtous instance
of this; for here neither cattle nor horses nov dogs have ever
run wild, thongh they swarm southward and nerthward in a
feral state; and Azara and Hengger have shown that this is
cansed by the greater numbers, in Paraguay, of a certain fly
which lays its eggs in the navels of these animals when first
born,  Thke inerease of these flies, nmmerons as they are,
must be habitnally checled by some means, probably by other
parasitic insccts.  llence, if certain insectivorous birds were
to decrease in Paragnay, the parasitic insects would prebably
increase; and this would lessen the number of the navel-
frequenting fliecs—then eattle and horses would become feral,
and this would greatly alier (as indeed I have observed in
parts of South Amerien) the vegetation: this again would
largely affeet the inseets, and this, as we have just seen in
Stuffordshire, the insectivorous birds, and so onward in ever-
increasing circles of complexity. Not that under nature the
relations will ever be as simple as this.  Battle within battle
must be continnally reenrring with varying success; and yet in
the long rin the forces are so nicely balanced, that the face
of nature remains for a lony time uniform, though assuredly
the merest trifle would give the victory to one organic being
over another.”?

Y The Origin of Species, p, 56,
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Such cases as the ahove may perhaps he thought excep-
tional, but there is good reason to Delicve that they are by no
means rare, but are illustrations of what is going on in every
part of the world, enly it is very difficult for us to trace out
the complex reactions that are everywhere occurring. The
general impression of the ordinary observer seems to be that
wild animals and plants live peaceinl lives and have
few troubles, ench being exactly suited to its place and
surroundings, and therefore having no ditficulty in maintain-
ing itself. Before showing that this view is, everywhere
and always, demonstrably fntrue, we will consider one other
case of the complex relations of distinet organisms addueed
by Mr. Darwin, and often quoted for its striking and almost
cccentric character, It is now well known that many flowers
require to be fertilised by insects in order to produce seed,
and this fertilisation can, in some cascs, only he cffected by
one particular speeies of insect to which the flower has become
specially adapted.  Two of our common plants, the wild henrt’s-
ease {Viola tricolor} and the red clover (Trifolium pratense), are
thus fertilised by humble-bees almost exelusively, and if these
insects are prevented from visiting the flowers, they produce
either no seed at all or exceedingly few. Now it is known that
ficld-mice destroy the comhs and nests of humble-bees, and
Colonel Newman, who has paid great attention to theso insects,
believes that more than two-thirds of all the humble-bees’
nests in England are thus destroyed. DBut the number of
mice depends a good deal on the number of eats ; and the same
observer says that near villages and towns he has found the
nests of humble-bees more numerous than elsewhere, which he
attributes to the number of cats that destroy the mice,
Hence it follows, that the abundance of red clover and wild
heart’s-ease In a district will depend on a good supply of cats
to kill the mice, which would otherwise destroy and keep down
the humble-hees and prevent them from fertilising the flowers.
A chain of connection lias thus been found between such
totally distinet organisms as flesh-eating mammalia and sweet-
smelling flowers, the abundance or scareity of the one closcly
corresponding to that of the other!

The following account of the struggle hetween trees in the
forests of Denmark, from the researches of M. Hansten
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Blangsted, strikingly illustrates our subject.! The chief com-
batants are the beech and the birch, the former being every-
where successiul in its invasions, Forests composed wholly
of birch are now only fourd in sterile, sandy traects; every-
where ¢lse the trees are mixed, and wherever the soll is
favourable the becch rapidly drives out the bireh. The latter
loscs its branches ab the touch of the beech, and devotes all
its strength to the upper part where it towers ahove the beech.
It may live long in this way, but it succumbs ultimately in
the figcht—of old age if of nothing else, for the life of the
birch in Denmork is shorter than that of the beech. The
writer believes that light (or rather shade) is the canse of the
superiority of the latter, for it has o greater development of
its branches than the birch, which is more open and thus
allows the rays of the sun to pass through to the soil helow,
while the tufted, bushy top of the beech preserves a deep
shade at its base. Hardly any young plants can grow under
the beech except its own shoots; und while the beech can
flourish under the shade of the birch, tho latter dies im-
mediately under the heech. The birch has only been saved
from total extermination by the facts that it had possession of
the Danish forests long hefore the beech ever reached the
country, and that certuin districts are unfavourable to the
growth of the futter. But whercver the soil has been enriched
by the decomposition of the leaves of the hirch the battle
hegins.  The birch still flourishes on the borders of lakes and
other marshy places, where its enemy cannot exist, In the
same way, in the forests of Zeeland, the fiv forests are dis-
appearing before the heech,  Left to themselves, the firs are
soon displaced by the beech. The struggle between the latter
and the oak is longer and more stubborn, for the branches and
foliage of the ok are thicker, and offer much resistance to the
passage of light. The oak, also, has greater longevity ; but,
sooner or later, it too succumbs, because it cannot develop
in the shadow of the beech. The earliest forests of Denmark
were mainly composed of aspens, with which the birch was
apparently associated ; gradvally the soil was raised, and the
climate grew milder; then the fir came and formed large
forests.  This tree ruled for centuries, and then ceded the
1 See Nafuwre, vol, zxxi, p, 63,
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first place to the holm-oak, which is now giving way to the
beech.  Aspen, birch, fir, oak, and beech uppear to bo the
steps in the struggle for the survival of the fittest among the
forest-trees of Denmark.

It may be added that in the time of the Romans the
beech was the prineipal forest-tree of Denmark as it is now,
while in the much carlter bronze age, represented by the later
remains found in the peat bogs, there were no beech-trees, or
very fow, the ouk being the prevailing tree, while in the still
carlier stone period the fir was the most abundant.,  The
beech is a trec essentiully of the temperate zone, having its
northern limit considerablyr southward of the oalg fir, hirch,
or aspen, and ita entrance into Denmark was no doubt due to
the amelioration of the climate after the glacial epoch had
entirely passed away. We thus sce how changes of climate,
which are continually occurring owing either to cosmical or
geographieal causes, may initiate a stmtrg,l(, among plants
which may continne for thousands of years, and which must
profoundly modify the relations of the animal world, since
the very existence of innumerable inscets, amd even of many
birds and mammals, is dependent more or less completely on
certain speecics of plants,

The Struggle for Existence on the Pampas.

Another illustration of the struggle for existence, in which
hoth plants and antmals are implicated, is afforded by the
pampas of the southern part of South America. The absence
of trees from these vast plains has been imputed by Mr.
Darwin to the supposed inability of the tropical and sub-
tropical forms of South America to thrive on them, and there
being no other source from which they could obtain a supply ;
and that explanation wag adopted by such eminent botanists
as Mr. Ball and Professor Asa Gray, This explanation has
always seemed to me unsatisfactory, because there are ample
forests both in the temperate regions of the Andes and on the
whole west coast down to Terra de' Fucgo; and it is inconsistent
with what we know of the rapid variation and adaptation of
species to new conditions. What seems a more satisfactory
explanation has been given by Mr. Edwin Clark, a civil
engincer, who resided nearly two' years in the country and
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paid much attention to its natural bistory. Ie says: “The
peculiar characteristies of these vast level plains which descend
from tho Andes to the great river basin in unbroken monoteny,
are the absenee of rivers or water-storage, and the periodical
oceurrencoe of droughts, or *siceos,” in the summer months.
These conditions determine the singular character both of its
flora and fauna.

“Thesoil 1s naturally fertile and favonrabloe for the growth
of trees, and they grow luxuriuntly wherever they are pro-
tected. The eucalyptus is covering large tracts wherever it
is enelosed, and willows, poplars, and the fig swrround every
estancia when fenced in.

“The open plains are covered with droves of horses
and cattle, awd overrun by numberless wild rodents, the
original tenants of the pampas. During the Jong periods
of drought, which are so great a sconrge to the country, these
animals are starved by thousands, destroying, in their efforts to
live, every vestige of vegotation,  In one of these ‘siceos,’ at
the time of my visit, no less than 50,000 head of oxen and
sheep and horses perished irom starvationand thirst, aftertearing
deep out of the suil every trace of vegetation, ineluding the
wiry roots of the pampas-grass. Under such circumstances
the existence of an unprotected tree is impossible.  'The only
plants that hold their own, in addition to the indestructiDle
thistlos, grasses, and clover, are a little herbaceous oxalis, pro-
ducing viviparous buds of extraordinury vitality, o few poisonous
species, such as the hemlock, and o few tough, thorny dwarf-
acacing and wiry rushes, which oven a starving rat refuses.

“ Although the cattle are a modern introduction, the
numberless indigenous rodents must always have cffectually
prevented the introduction of any other species of plants;
large tracts are still honeycombed by the ubiquitous biseacho,
a gigantic rabbit; and numerous other rodents still exist, in-
cluding rats and mice, pampas-hares, and the great nutria and
carpincho (capybara) on the river banks”t

Mr. Clark further remarks on the desperate struggle for
existence which characterises the bordering fertile zones,
where rivers and marshy plains permit & more luxuriant and
varied vegetable and animal life. After describing how the

1 4 Visit lo South Americe, 1878 ; also Nature, vol, xxxi. pp, 263-339.
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river sometimes rose 30 fect in eight hours, doing immense
destruction, and the abundanee of the lurger carnivora and
large reptiles on its banks, he goes on: “ But it was among
the flora that the principle of natural selection was most
prominently displayed. In such a district—overrun with
rodents and cscaped cattle, subjeet to floods that carried away
whole islands of botany, and especially to droughts that dried
up the Jakes and almost tho river itseli—no ovdinary plant
could live, even on this rich and watered alluvial debris.  The
only plants that escaped the cuttle were such as were either
poisonous, or thorny, or resinous, or indestructibly tongh.
Hence we had only a gréat development of solanums, talas,
acacias, euphorbias, and laurels.  The buttercup is replaced hy
the little poisonons yellow oxalis with its viviparous buds ; the
passton-flowers, asclepiads, bignonias, convolvuluses, and climb-
ing leguminous plants eseape both floods and eattle by climb-
ing the highest trees and towering overhead in a flood of
bloom. The ground plants are the portulacas, turneras, and
cenotheras, bitter and ephemeral, on the bare rock, and almost
independent of any other moisture than the heavy dews
The pontederius, alismas, and plantago, with grasses and
sedges, dertve protection from the deep and hrilliant pools;
and though ut first sight the ‘monte’ doubtless impresses the
traveller as a seene of the wildest eonfusion and ruin, yet, on
closer examination, we found it far more remarkable as a
manifestation of harmony and law, and a striking example of
the marvellous power which plants, like animals, possess, of
adapting themsclves o the loeal peculiaritics of their habitat,
whether in the fertile shades of the luxuriant ‘monte’ or on
the arid, parched-up plains of the trecless pampas.”

A curious cxample of the strugele between plants has
heen communicated to me by Mr. John Ennis, a resident in
New Zealand. The Inglish water-cress grows so luxuriantly
in that country as to completely choke up the rivers,
sometimes leading to disastrous floods, and necessitating great
outlay to keep the strcam open. But a natural remedy has
now been found in planting willows on the banks. The
roots of these trees penetrate the bed of the stream in every
direction, and the water-cress, unable to obtain the requisite
amount of nourishment, gradually disappears.
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Tucrease of Organisms in o Geometrical Ratio.

The facts which have now heen adduced, sufficiently prove
that there is a continual competition, and struggle, and war
going on in nature, and thut cach species of animal and
plant aflects many others in complex and often unexpeeted
ways, We will now proceed to show the fundamental eauso
of this struggle, and to prove that it is ever acting over the
whole ficld of nature, and that no single species of animal or
plant can possibly escape from it.  This resnlts from the fact
of the rapid increase, in a geometrical ratio, of all the species
of animals and plants.  In the lower orders this increase is
cspecially rapid, a single flesh-ly (Musca carnaria) producing
20,000 larvee, and these growing so quickly that they reach
their full sizo in five days; hence the great Swedish naturalist,
Linnteus, asserted that a dead horse would be devoured by three
of these fliesas quickly us by a lion.  Eachof these larve remains
in the pupa state about five or six days, so that each parent fly
may be increased ten thousand-fold in a fortnight.  Supposing
they went on increasing at this rate during only three months
of summer, there wonld result one hundred millions of millions
of millions for cach fly at the commencement of summer,—a
number greater probably than exists at any one time in the
whole world.  And this is only one species, while there are
thousands of other species increasing also at an enormous rato ;
s0 that, if they were unchecked, the whole atmosphere would
be dense with flies, and all animal food and much of animal
life would be destroyed by them.  To prevent this tremendous
increase there must be incessant war against these insects, by
insectivorons birds and reptiles as well as by other insects, in
the larva as well ag in the periect state, by the action of the
elements in the form of rain, hail, or drought, and by other
unknown causes ; yet wo sec nothing of this ever-present war,
though by its meuns alone, perhaps, we are saved from famine
and pestilence.

Let us now consider a less extreme and more familiar
case. We possess o considerable number of birds which,
like the redbreast, sparrow, the four common titmice, the
thrush, and the blackbird, stay with us all the year round
These lay on an average six eggs, but, as several of them have



20 DARWINISM CIIAP.

two or more broods a year, ten will be below the average of
the year’s increase.  Such birds as these often live from fifteen
to twenty years in confinement, and we cannot suppose them to
live shorter lives in a state of nature, if unmolested ; but to
avoid possible exaggeration we will take only ten years as the
average duration of theirlives.  Now, if we start with a single
pair, and these are allowed to live and breed, unmolested, titl
they dic at the end of ten years,—as they might do if turned
loose into a good-sized island with amplo vegetable and insect
food, but no other competing or destructive birds or quadrupeds
—their numbers would amount to more than twenty millions.
But we know very well that our bird populution is ne greater,
on the average, now than it was ten years ago.  Yoar by year
it may fuctuute a lttle according as the winters aro more
or less severe, or from other causes, but on the whole there is
no increase. What, then, becomes of the enormous surplus
population anmually produced! It is evident thoy must
all die ov be killed, somehow ; and as the increase is, on the
averare, about five to one, it follows that, if the average
number of birds of all kinds in onr islands is taken at ten
millions—and this is probably fur under the mark—then about
fifty millions of birds, including eges as possible birds, must
annually die or be destroyed.  Yet we sce nothing, or almost
nothing, of this tremendous slaughter of the innoeents going
on all around uws. I severe winters a few birds are found
dead, and a few feathers or mangled remains show us where
a wood-pigecon or some other bird has been destroyed by a
hawk, but no one would imagine that five timesas many birds
as the total number in the country in early spring die every
yvear. No doubt a considerable proportion of these donot die
here but during or after migration to other countrics, but others
which are bred in distant countries come here, and thus
balance the account. Again, as the average number of young
produced is four or five times that of the parents, we ought to
have at least five times as many birds in the country ut the
end of summer as at the beginning, and there is certainly
no such enormous disproportion as this. Thoe fact is, that the
destruction eommences, and is probably most severe, with
nestling birds, which are often killed by heavy rains or blown
away by severe storms, or left to die of hunger if either of
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the parents is killed ; while they offer a defenceless prey to
jackdaws, jays, and magpics, and not a few are cjeeted from
their nests by their foster-brothers the cuckoos. As soon as
they are fledged and begin to leuve the nest great numbers
are destroyed by buzzards, sparrow-hawks, and shrikes.  Of
those which migrate in autumn a considevable proportion are
probably lost at sea or otherwise destroyed hefore they reach a
plice of safety ; while those which remain with us are greatly
thinned by cold and starvation during severe winters.  Exactly
the same thing goes on with every speeies of wild animal and
plant from tho lowest to the highest.  All hreed at such a rate,
that in a few yeurs the progeny of any one speeies would, if
allowed to increase unchecked, alone monopolise the land ;
but all alike are kept within bounds by varions destructive
agencies, so that, though the numbers of cach may fluctuate,
they can nover permanently increase except at the expense of
some others, which must proportionately decrcase.

Cuses showing the Great Powers of Increase of Animals.

As the facts now stauted are the very foundation of the
theory we are considering, and the enormous inecrcase and
perpetnal destruction continually going on require to be kept
cver present in the mind, some direct evidence of actual cases
of inercasc must bo wlduced. That even the larger animals,
which breed compuratively slowly, increase enormously when
placed under favourable conditions in new countrigs, is shown
by the rapid spread of ecattle and horses in  America
Columbus, in his second voyage, left a few bluck eattle at St.
Domingo, and these ran wild and inercased so much that,
twenty-seven years afterwards, hords of from 4000 to 8000
head wore not uncommon, Cattle were afterwards taken
from this island to Mexico and to other parts of Ameriea, and
in 1587, sixty-five years aftér the conquest of Mexico, the
Spaniards experted 64,350 hides from that country and
35,444 from St. Domingo, an indication of the vast numbers
of these animals which must then have existed there, since
those eaptured and killed could have been only a small portion
of the whole. In the pampas of Buenos Ayres there were, at
the end of the last century, about twelve million cows and
three million horses, besides great numbers in all other parts
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of America where open pastures offered suitable conditions.
Agses, about fifty yeurs after their introduetion, ran wild and
multiplied so amazingly in Quito, that the Spanish traveller
Ulloa describes them as heing a nuisance. They grazed
together in great herds, defending themselves with their
mouths, and if a horse strayed among them they alt fell upon
him and did not cease biting and kicking till they left him
dead. Hogs were twned out in St. Domingo by Columbus
in 1493, and the Spaniards took them to other places where
they settled, the result being, that in about hulf » century
these animals were found ‘i'n greab numbers over a large part
of America, from 25° north to 40° sonth latitnde.  More
recontly, in New Zealand, pigs have multiplied so greatly in
a wild state as to he a serious nuisance and injury to
agriculture. To give some idea of their numbers, it is stated
that in the province of Nelson there were killed in twenty
months 25,000 wild pigs.! Now, in the case of all these animals,
we know that in their native countries, and even in America
at the present time, they do not inerease at all in numbers;
therefore the whole normal increase must be kept down,
year by year, by natural or artificial means of destruction.

Bupid Increase and Wide Spread of Plunts.

In the ease of plants, the power of increase is even greater
and its effects more distinetly visible. Hundreds of square
miles of tho plains of La Plata are now covered with two or
three species of Kuropean thistle, often to the exclusion of
almost every other plant; but in the native countries of these
thistles they occupy, except in cultivated or waste ground, a
very subordinate part in the vegetation. Some Amorican
plants, like the cotton-weed (Asclepias curassaviea), have now
hecome common weeds over a large portion of the tropics.
White elover (Trifolium repensy spreads over all the temperate
regions of the world, and in New Zealand is exterminating
many native species, ineluding even the native flax (Phormiom

1 8till more remarkable is the increase of rabbits both in New Zealand and
Anstralia, No less than seven millions of rabbit-skins have been exported
from the former country in a single year, their value being £67,000. In both
counttries, sheep-rung have been greatly deterforated in value by the abundance

of rabbits, which destroy the herbage ; and in some cases they Lave had to be
abandoned altogether,
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tenax), a large plant with irislike leaves 5 or 6 feet high,
Mr. W. L. Travers has paid much attention to the eifects of
intreduced plants in New Zealand, and notes the fellowing
species as being cespecially remarkable. The eommon knot-
grasz (Polygonum avieulare} grows most luxuriantly, single
plante covering a space 4 or 5 feet in diameter, and send-
ing their roots 3 or 4 feet deep. A large sub-aguatic
dock (Rumex obtusifolius) abounds in every river-bed, even
far up among the mountuins. The common sow-thistle
(Sonchus oleraceus) grows all over the country up to an
elevation of 6000 feet. The water-cress (Nusturtium officinale)
grows with amazing vigour in many of the rivers, forming
stems 12 feet long and $ inch in dizmeter, and completety
cheking them up. It cost £300 a year to keep the Avon
at Christchurch free fromy it The sorrel (Rumex acetosella)
covers hundrods of acres with w sheet of red. It forms a
dense mat, exterminating other plants, and preventing cultiva-
tion. It can, however, be itsclf exterminated by sowing the
ground with red clover, which will also vanquish the
Polygonum aviewlare.  The most noxious weed in New
Zealand appears, however, to be the Hypochwmris radicata, a
coarse  yellow-Hlowered composite not uneommon in out
meadows and waste places.  This has been introduced with
grass seeds from Ingland, and is very destimetive. It is
stated that excellsnt pasture was in three years destroyed by
this weed, which absolutely displaced every other plant on the
ground. It grows in every kind of soil, and is said even to
drive out the white clover, which is usually so powerful in
taking possession of the soil.

In Australia another composite plant, called there the Cape-
weed (Cryptostemma ealendutaceum), did muchdutmage, and was
noticed by Buron Von Hugel in 1833 as “an unexterminable
weed 7 ; Lut, after forty years' oceupation, it was found to give
way to the dense herbage formed by lucerme and choice
grasses,

In Ceylon we are told by Mr. Thwaites, in his Fuwmera-
tion of Ceylon Plenfs, that a plant introduced into the
island less than fifty years ago is helping to alter the
character of the vegetation up to an elevation of 3000 feet.
This is the Lantana mixta, a verbenaceous plant introduced
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from the West Indies, which appears to have found in Ceylona
soil and climate exactly suited toit. It now covers thousands
of acres with its dense masses of foliage, taking complete
possession of land where cultivation has heen neglected or
abandoned, preventing the growth of any other plants, and
even destroying small trees, the tops of which its subscandent
stems arc able to reach. The fruit of this plant is so uceept-
able to frugivorous birds of all kinds that, through their instru-
mentality, 1t is spreading rapidly, to the complete exclusion of
the indigenous vegetation where it becotes established,

fireat Fertility not’essential to Lapid Inerease

The not uncommon circumstance of slow-breeding animals
being very numerous, shows that it is usually the amount
of -destruction which an animal or plant is exposed to, not
its rapid multiplication, that determines its numbers in any
country. The passenger-pigeon (Kctopistes migratorius) is, or
rather was, excessively abundant in a eertain area in North
America, and its enormous migrating flocks darkening the sky
for hours have often been deseribed ; yot this bnird lays only
two eggs.  The fulmar petrel exists in myriads at St Kilda
and other huunts of the species, yet it lays only one egy.
On the other hand the great shrike, the tree-creeper, the
nut-hateh, the nutcracker, the hoopoe, and many other hivds,
lay from four to six or seven eggs, and yet arc mever
abundant.  So in plants, the abundance of a species hears
little or no relation to its seed-producing power.  Some of the
grasses and sedges, the wild hyacinth, and many buttercups
ocenr in immense profusion ever extensive areas, although each
plant produces comparatively few sceds ; while several species
of bell-flowers, gentians, pinks, and mulleing, and even some
of the composite, which produce an abundance of minute sceds,
many of which are casily scattered by the wind, are yet rare
species that never spread beyond a very limited area.

The above-mentioned passenger-pigeon affords such an
excellent example of an enormous bird-population kept np hy
a comparatively slow rate of increasze, and in spite of its
complete helplessness and the great destruction which it
suffers from its numerous enemies, that the following account
of one of its breeding-places and migrations by the celebrated



1 THE STRUGGLE FOR EXISTENGE 31

Amecrican naturalist, Alexander Wilson, will be read with
interest:—

“Not far from Shelbyville, in the State of Kentucky,
about five ycars ago, there was one of these breeding-places,
which stretched through the woods in nearly a north and
sonth direction, was soveral miles in hreadth, and was said to
he upwards of 40 miles in extent. In this tract almost
every trec was fornished with nests wherever the branches
could accommodate them. The pigeons muade their first
appearance there about the 10th of April and left it
altogether with their yonng before the 25th of May. As
soon as the younyg were fully grown and before they left the
nests, numerons parties of the Inhabitants from all parts of
the adjacent country came with waggons, axes, heds, cooking
utensils, many of them aeccompanied by the greater part of
their families, and encamped for several days at this immense
narsery.  Several of them informed me that the nolse was
so great as to terrify their horses, and that it was difficult for
one person to hear another without bawling in his ear.  The
ground was strewed with Droken limbs of trees, eggs, and
young squab pigeons, which had been precipitated from llhovo,
and on which herds of hogs were fattening.  Huawks, buzzards,
and eagles were sailing .l])()llt in great I’lllIHble, .md seizing
the squ.ﬂ)s from the ncst}s ab IT]C’LSHIL while, from 20 feeb
upwards to the top of the trees, the view through the woods
presented a pcrpetn:ll tumult of crowding and fluttering
multitndes of pigeons, their wings roaring like thunder,
mingled with the frequent erash of falling tlmbcl for now
the axemen were at work eutting down thuse trees t]mt seemed
most crowded with nests, and contrived to fell them in such
a manner, that in their deseent they might bring down several
others ; by which means the falling of one large tree someo-
times produced 200 squabs little inferior in size to the old
birds, and almost one heap of fat.  On some single trees
upwards of a hundred nests were found, each containing one
squab only ; a circumstance in the history of the bird not
generally known to nmaturalists.'! It was dangerous to walk

! Later observers have proved that two eggs are laid and uwsually two
young produced, but it may be that in most cases ouly one of these comes to
naturity.



32 DARWINISM CHAP,

under these flying and fluttering millions, from the frequent
fall of large branches, broken down by the weight of the
multitndes ahove, and which in their descent often destroyed
numbers of the Lirds themselves ; while the clothes of thoso
engaged in traversing the woods were completely ecovered
with the exerements of the pizeons.

“These cirenmstanees were related to me by many of the
most respectable part of the community in that quarter, and
were confirmed in part by what T myself witnessed. 1 passed
for several miles through this same breedingplace, where
every tree was spotted with nests, the remains of those ahove
deseribed.  In many in€tances T counted upwards of ninety
nests on a single tree; but the pigeons had abandoned this
place for another, 60 or 80 miles off; towards Green
River, where they were said at that time to be equally
numerous.  From the great numbers that were constantly
passing over our heads to or from that quarter, I had no
doubt of the truth of this statement. The mast had Deen
chiefly consumed in Kentucky; and the pigeons, every morn-
ing a little before sunrise, set out for the Indiana territory,
the ncarest part of which was about sixty miles distant.
Many of these returned hefore ten o'clock, and the great body
generally appeared on their return a little after noon. T had
left the public road to visit the remains of the breeding-place
near Shelbyville, and was traversing the woods with my gun,
on my way to Frankfort, when about ten o’clock the pigeons
which I had observed flying the greater part of the morning
northerly, began to return in such immonse numbers as I never
before had witnessed. Coming to an opening by the sido of
a creek, where I had a more uninterrupted view, I was
astonished at their appearance: they were flying with great
steadiness and rapidity, at a height heyond gunshot, in
saveral strata deep, and so close together that, eould shot
have reached them, one discharge could not have failed to
bring down several individuals, From right to loft, as far as
the cye could reach, the breadth of this vast procession ex-
tended, seeming everywhere equally crowded.  Curious to
determine how long this appearance would continue, I toolk
out my watch to note the time, and sat down to observe them.
It was then half-past one; T sat for more than an hour, but
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instead of a diminution of this prodigious procession, it seemed
rather to increase, both in numbers and rapidity ; and anxious
to reach Frankfort before night, T rose and went on.  Alout
four o'clock in the afternoon I crossed Kentucky River, at the
town of Frankfort, at which time the living torrent above my
head scemed as numerous and ns extensive as ever. Long
after this T observed them in large bodies that eontinued to
pass for six or eight minutes, and these again were followed
by other detached bodies, all moving in the same south-cast
direction, till after six o'clock in the evenming. The great
breadth of front which this mighty multitude preserved would
seem to intimate a corresponding breadth of their broeding-
place, which, by several gentlemen who had lately passed
through part of it, was stated to me at scveral miles.”

From these various observations, Wilson ealeculated that
the number of birds contained in the mass of pigeons which
he saw on this oceasion was at least two thousand millions,
while this was only onc of many similar aggregations known
to exist in various parts of the United States. The
picture hera given of these defenceless birds, and their still
more defenceless young, exposed to the attacks of numerous
rapacious enemies, brings vividly before us one of the phases
of the unceasing struggle for existence ever going on; hut
when we consider the slow rate of increase of these birds,
and the enormous population they are nevertheless able to
maintain, we must be convinced that in the case of tho
majority of birds which multiply far more rapidly, and yet
are never able to attain such numbers, the struggle against
their numerous cnemics and against the adverse forees of
nature must be even more severe or more continuous.

Struggle for Life between closcly allied Animals and Planis
often the most severe.

The struggle we have hitherto heen considering has Deen
mainly that between an animal or plant and its direct enemies,
whether these enemies are other animals which devour it, or
the forces of nature which destroy it. But there is another
kind of struggle often going on at the same time between
closely related species, which almost always terminates in the
destruction of one of them. As an example of what is

D
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meant, Darwin states that the recent increase of the missel-
thrush in parts of Seotland has cansed the decrease of the
song-thrush.!  The bluck rat (Mus rattus) was the common rat
of Kurope till, in the beginning of the eighteenth century, the
lavge brown rat (Mus decumanus) appeared on the Lower
Voiga, and thence spread more or less rapidly till it overran all
Eurepe, and generally drove out the black rat, which in most
parts is now compuratively rare or quite extinet,  This invad-
ing rat has now been carried by commerce all over the world,
and in New Zealand has completely extirpated a native rat,
which the Maoris allege they brought with them from their
home in the Pacifie ; and in the same country a native fly is
being supplanted by the European housefly. In Russia the
small Asiatic eockroach has driven away a larger native species;
and in Australia the imported hive-bee is exterminating the
small stingless native bee.

The reason why this kind of struggle goes on is apparent
if we consider that the allied species fill nearly the same place
in the economy of nature. They require nearly the same
kind of foad, are exposed to the same enemies and the same
dangers.  Hence, if one has ever so slight an advantage over
the other in procuring food or in avoiding danger, in its
rapidity of multiplication or its tenacity of life, it will increase
more rapidly, and by that very fact will cause the cther to
decrease and often become altogether extinct.  In some cases,
no doubt, there is actual war between the two, the stronger
killing the weaker; but this is by no means neeessary, and
there may e cases in which the weaker species, physically,
muy prevail, by its power of more rapid multiplication, its
better withstanding vieissitudes of climates, or its greater
cunning in cseaping the attacks of the common encemies.
The same principle is seen at work in the fact that certain
mountain varieties of sheep will starve out other mountain
varieties, 5o that the two cannot be kept together. In plants
the same thing occurs. If several distinet varicties of wheat
are sown together, and the mixed sced resown, some of the
varicties which hest suit the soil and climate, or are naturally
the most fertile, will beat the others and so yield more seed, and
will consequently in a few years supplant the other varioties.

1 Origin of Specics, p. 59, Professor A. Newton, however, informs me that
these species do not interfere with one ancther in the way here stated.
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As an effect of this principle, we seldom find closely allied
species of animals or plants living together, but often in
distinet though adjacent districts where the conditions of life
are gomewhat different.  Thus we may find cowslips (Primula
veris) growing in a meadow, and primroses (P, vulgaris) in an
adjoining wood, each in ubundance, hut not often intermingted.
And for the same reason the old turf of a pasture or heath
consists of o great variety of plants matted together, so much
s0 that in a patch little more than a yard square Mr. Darwin
found tweunty distinet species, belonging to eighteen distinct
genera and to eight natural orders, thug showmg their extreme
diversity of organisation. For the same reason 4 number of
distinet grasses and clovers are sown in order to make a good
lawn instead of any one sgpecies; and the quantity of hay
produced has been found to be greater from a variety of very
distinct grasses than from any one species of grass,

Tt may be thought that forests are an exception to this
rule, since in the north- -temperate and arctic regions we find
extensive forests of pines or of ouks.  But these are, after all,
exceptional, and characterise those regions only where the
climate is little favourable to forest wvegetation. In the
tropical and all the warm temperate parts of the earth, where
there is « suflicient supply of moisture, the forests present the
same variety of species as does the turf of our old pastures ;
and in the cquatorial virgin forests there is so great a variety
of forms, and they are so thoroughly intermingled, that the
traveller often finds it difficult to discover a second specimen
of any particular species which he has notieed. Even the
forests of the temperate zones, in all favourable situations,
exhibit a considerable variety of trees of distinet genera and
familtes, and 1t is only when we approach the outskirts of
forest vegetation, where cither dreught or winds or the severity
of the winter is adverse to the existence of most trees, that
we find extensive tracts monopolised by one or two species.
Even Canada has more than sixty different forest trees, and
the Eastern United States a hundred and fifty ; Europe is
rather poor, containing about cighty trees only; while the
forests of Eastern Asia, Japan, and Manchuria are cxceedingly
rich, about a hundred and seventy spocies being already
known, And in all these countries the trecs grow inter-
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mingled, so that in every extensive forest we have a consider-
able variety, as may bo seen in the few remnants of our
primitive woods in some parts of Epping Forest and the
New Iorest.

Among animals the same Jaw prevails, though, owing to
their constant movements and power of concealment, it is not
so readily observed. As illustrations we may refer to the
wolf, ranging over Europe and Northern Asia, while the jackal
inhabits Southern Asia and Northern Afrien; the tree-
porcupines, of which there are two closely ullied species, one
inhabiting the eastery, the other the western half of Nerth
America ; the common hare (Lepus timidus) in Central and
Southern Europe, while all Northern Europe is inhahited by
the variable hare (Lepus variabilis} ; the common jay (Garrnlus
glandariug) irhabiting all Furope, while another species
(Garrulus Brandti) is found all acress Asia from the Urals to
Japan ; and many species of birds in the Kastern United
States are replaced by closely allied species in the west,  Of
course there are also numbers of closely related speeics in the
same country, but it will almost always be found that they
frequent different stations and have somewhat different habits,
and so do not come intu dircet competition with cach other;
just as elosely allied plants may inhabit the same districts,
when one prefers meadows the other woods, one a chalky
goil the other sand, one a damp situation the other a dry one.
With plants, fixed as they arc to the earth, we easily note
these peculiaritios of station ; hut with wild animals, which we
see only on rare oceasions, it requires close and long-continued
obsorvation to detect the peeuliarities in their mode of life
which may prevent all direct competition betwecn closely
allied species dwelling in the same area.

The Ethical Aspect of the Struggle for Eristence.

Our exposition of the phenomena presented by the strnggle
for existence may be fitly concluded by a few remarks on its
ethical aspect. Now that the war of nature is better known,
it has been dwelt upon by many writers as presenting so vast
an amount of cruelty and pain as to be revolting to our
instincts of humanity, while it has proved a stumbling-block
in the way of those who would fain believe in an all-wise and
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benevolent ruler of the universe. Thus, a brilliant writer
says: “ Pain, grief, disease, and death, ave these the inventions
of u loving God? That no animal shall rise to excellence
except by being fatal to the life of others, is this the law of
a kind Creator? Tt is nscless to say that pain has its
benevolence, that massaerc has its merey. Why is it so
ordained that bad should be the raw material of good 7  Pain
is not the less pain because it is useful ; murder is not less
nurder because it 18 conducive to development. Here is
blood upon the hand stiil, and all the perfumes of Arabia will
not sweeten it.”

Even so thoughtful a writer as Professor Huxley adopts
similar views. In a recent article on “The Struggle for
ixistence ” he speaks of the myrinds of generations of herbiv-
orons animals which “have heen tormented and devoured by
carnivores ” ; of the carnivores and herbivores alike “subject to
all the miseries incidental to old age, disease, and overamulii-
plication”; and of the “more or less enduring snffering,”
which is the meed of both vanquished and victor. And he
concludes that, since thousands of times a minute, were our
ears sharp cnough, we should hear sighs and groans of pain
like those heard by Duante at the gate of hell, the world
cannot be governed by what we cull benevolence.®

Now there is, I think, good reason to belicve that all this
1s greatly cxaggerated ; thut the supposed ““torments” and
“miseries ¥ of animals have little real existence, but are the
reflection of the imagined sensations of cultivated men and
women 1n similar ¢circnmstances ; and that the amount of actual
suffering caused by tho struggle for existence among animals
is altogether insignificant. Let us, therefore, endeavour to
ascertain what are the real facts on which these tremendous
accusations are founded.

In the first place, we must remember that animals are
entirely spared the pain we suffer in the anticipation of death—
a pain far greater, in most cases, than the veality. This leads,
probably, to an almost perpetual enjoyment of their lives;
sinee their constunt watehfulness against danger, and even
their actual flight from an enemy, will be the enjoyable

} Winwood Reade’s Mariyrdom of Man, p. 520.
? Nineleenth Century, February 1888, pp. 162, 163.
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exercise of the powers and faculties they possess, unmixed
with any serious dread. There is, in the next place, much
ovidence to show that violent deaths, if not too prolonged, are
painless and casy; even in the case of man, whose nervous
system is in all probahility much more susceptilie to pain than
that of most animals,  In all cases in which persong have
escaped after being seized by u lion or tiger, they declure
that they suffered little or no pain, physicul or mental. A
well-known instance is that of Livingstone, who thus deseribes
his sensations when seized by u lion: “Starting and looking
half round, I saw the Mon just in the act of springing on me.
I wag upon a little height ; he canght my shoulder as he sprang,
and we both came to the ground helow together.  Growling
horribly close to my ear, he shook me as 2 terrier-dog does a
rat. The shock produced a stupor similar to that which
sgems to be felt by a mouse after the first shake of the cat.
It couses o sort of dreaminess, in which fhere was no sense of
pain or feeling of terror, though I was quite conscious of all
that was happening. It was like what patients partially
undler the influence of chloroform deseribe, who see all the
operation, but feel not the knife. This singular condition
was not the result of any mental process. The shake
annihilated fear, and allowed no sense of horror in looking
round at the beast.”

This absence of pain is not peculiar to those seized by wild
heasts, but is equally produced by any accident which canses
a general shock to the system. Mr. Whymper describes an
accident to himself during one of his preliminary explorations
of the Matterhorn, when he fell several hundred feet, bounding
from rock to rock, till fortunately embedded in a snow-drift
near the edge of a tremendous precipiee.  He declares that
while falling and feeling blow after blow, he neither lost
consciousness nor suffered pain, merely thinking, ealmly, that
a few more blows would finish him., We have therefore a
right to conclude, that when death follows scon after any
great shock it is ag easy and painless a death as possible ; and
this is certuinly what happens when an animal is seized by a
beast of prey. For the enemy is one whick hunts for food,
not for pleasure or excitement ; and it is doubtful whether any
carmivorous animal in a state of mature begins to scck after
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prey till driven to do so by hunger. When an animal is
caught, therefore, it is very soon devoured, and thus the first
shock is followed hy an almost painless death. Neither do
those which die of cold or hunger suffer much. Cold is
gencrally severest at night and has a tendency to produce
slecp and painless extinetion.  IIunger, on the other hand, is
hardly felt during periods of excitement, and when food is
scavce the excitement of seeking for it is at its greatest. It
is probable, also, that when hunger presses, most animals will
devour anything to stay their hunger, and will die of gradual
exhaustion and weukness not necessavily painfud, if they do
not fall an earlier prey to some enemy or to cold.!

Now let us consider what are the enjoyments of the lives
of most animals, As a rule they come into existence at a
time of year when food is most plentiful and the climate most
suitable, that is in the spring of the temperate zone and at
the eommencement of the dry senson in the tropics. They
grow vigorously, being supplied with abundanee of food ; and
when they rcach maturity their lives are 2 contifinal round of
healthy excitement and exercise, alternating with completo
repose.  LThe daily search for the daily food cmploys all their
facnltics and exercises every organ of their hodies, while this
excreise leads to the satisfaction of all their physical needs.
In our own case, we ¢an give no more perfect definition of
happiness, than this exercise and this satisfuction; and we
must therefore conclude that animals, as a rule, enjoy all the
happiness of which they are capable.  And this normal state
of happiness is not alloyed, as with us, hy long periods-—
whole lives often—of poverty or ill-health, and of the nn-
satisfied longing for pleasures which others cnjoy hut to which
we cannot attain, Illness, and what answers to poverty in
animals——continned hunger—are quickly follewed by unantici-
pated and almost painless extinetion, Where we err is, in
giving to animals feclings and emotions which they do not
possess. To us the very sight of blood and of torn or mangled
limbs is painful, while the idea of the suffering implied by it

1 The Kestrel, which unsually feeds on mico, birds, and frogs, sometimes
stays its hunger with earthworms, us do some of the American buzzards,
The Honey-buzzard sometimes eats not only earthworms and slugs, but even

corn ; and the Buteo borealis of North America, whose usunl food is small
mammals aud birds, sometimes eats crayfish.



10 DARWINISM CHAD. TT

is heartrending.  'We have o horror of all violent and sudden
death, hecause we think of the life full of promise cut shovt,
of hopes and expectations unfulfilled, and of the grief of
mourning relatives.  But all this is quite out of place in the
case of animals, for whom a violent and a sudden death is in
every way the best. Thus the poet’s picture of

“ Nature reil in tooth and claw
With ravine”

is a picture the evil of which is read into it by our
imaginations, the reality being made up of fnll and happy
lives, usually terminafed Dy the quickest and least painful of
deaths.

On the whole, then, we conclude that the popular idea of
the struggle for existence entailing misery and pain on the
animal world is the very veverse of the truth. What it
really hrings ahont, is, the maximum of life and of the enjoy-
ment of life with the minimum of suffering and pain.  Given
the necessity of death and reproduction—and without these
there could have heen no progressive development of the
organic world,—and it is difficult even to lmagine a system
by which o greater balance of happiness eonld have been
securcd.  And this view was cvidently that of Darwin himsclf,
who thus concluckes his chapter on the struggle for oxistence :
“ When we reflect on this struggle, we may console ourselves
with the full belief that the war of nature is not incessant,
that no fear is folt, that death s gencrally prompt, and that
the vigorous, the healthy, and the happy survive and
multiply.”




CHAPTER III

THE VARIABILITY OF SPECIES IN A STATE 0OF NATURE

Imyportance of variability—Popular ideas regarding it—Variability of the
lower animals—The variability of inscets—Yariation among lizards
—Variation among birds—Diagrams of bird-varintion—Number of
varying individuals—Variation in the mamoalia—Variation in
internal organs—Varistions in the skull-Vaviations in the habits
of Animals—The Yariability of plants--Species which vary little—
Concludirg remarks,

T foundation of the Darwinian theory is the variability of
gpecies, and it is quite useless to attempt even to understand
that theory, much less to appreciate the completencss of the
proof of it, unless we first obtain a elear conception of the
nature and extent of this variubility. The most frequent and
the most misleading of the objeetions to the efficacy of natural
gelection arise from ignorance of this subject, an ignoranee
shared by many naturalists, for it is only since Mr. Darwin
has tanght wus their importance that varieties have been
systematically collected and recorded; and even now very
few collectors or students bestow upon them the attention
they deserve. By the older naturalists, indeed, varicties—
especially if nunierous, small, and of frequent occurrence—
wore looked upon as an unmitigated nuisance, because they
rendercd it almost impossible to give precise definitions of
species, then considered the chief end of systematic natural
history. Hence it was the custom to describe what was
supposed to he the “typical form” of species, and most
collectors were satisfied if they possessed this typical form
in their cabinets. Now, however, a collection is valued in
proportion as it contains illustrative specimens of all the
varieties that occur in each species, and in some cases these
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have been carefully described, so that we possess a consider-
able mass of information on the subject. Utilising this in-
formation we will now endeavour to give some idea of the
nature and extent of variation in the species of animals and
plants.

It is very commonly objected that the widespread and
constant variability which is admitted to be a characteristic of
domesticated animals and cultivated plants is largely due to
the nnnatural conditions of their existence, and that we have
no proof of any corresponding amount of variation occurring
in u state of nature.  Wild animals and plants, it is said, are
usually stable, and whén variations oceur these ave alleged to
be small in amount and to affect superficial characters only;
or if larger and more important, to oceur so rarely as not to
afford any aid in the supposed formation of new species.

This objection, as will he shown, iz utterly unfounded ;
but as it is one which goes to the very root of the problem, it
is necessary to enter at some length into the various proofs of
variation in a state of nature. This is the more nccessary
because the materials collected by Mr, Darwin bearing on
this question have never been published, and eomparatively
few of them have been cited in The Origin of Species; while o
considernble body of facts has heen made known since the
publication of the last edition of that work.

Twiinbility of the Lower Animals.

Among the lowest and most ancient marine organisms are
the Foraminifera, little masses of living jelly, apparently
structureless, but which scerete beautiful shelly coverings,
often perfectly symmetrical, as varied in form as those of the
mollugea and far more complicated. These have been studied
with great caro by many eminent naturalists, and the late Dr.
W. B. Carpenter in his groat work—the Infroduction o the
Study of the Foraminifera—thus refers to their variability :
“There is not a single species of plant or animal of which the
range of variation has been studied by the collocation amd
comparison of so large a number of specimens as have passed
under the review of Messrs. Williamson, Parker, Rupert
Jones, and myself in our studies of the types of this group;”
and he states as the result of this extensive comparison of
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specimens : “ The range of variation is so great among the
Foraminifera as to include not merely those differential char-
acters which have been uswally aceounted specific, but also
those upwn which the greater part of the generie of this group
Lave been founded, and even in some instances those of its
orders,” 1

oming now to a higher group—the Sea-Anemones—Mr, P,
H. Gosse and other writers on these creatures often refer to
variations in size, in the thickness and length of the tentacles,
the form of the disc and of the mouth, and the character of
surface of the column, while the colour varies encrmously in
a great number of the species.  Bimilar variations oceur n all
the various groups of marine invertebrata, and in the great
sub-kingdom of the mollusea theoy are especially numerous.
Thus, Dr. 8. P. Woodward states that many present a most
perplexing amount of variation, resulting (as he supposes)
from supply of food, variety of depth and of saltness of the
water ; but we know that many variations are quite inde-
pendent ef such causes, and we will now consider o few eascs
among the land-mollusea in which they have been more carc-
fully stucdicd.

In the small forest region of Oahu, one of the Sandwich
Islands, there huve heen found abous 175 species of lund-shells
represented by 700 or 800 varicties ; and we are told by the
Rev. J. T. Gulick, who studied them carefully, that '“we
frequently find a genus represented in several smecessive
valleys by allied species, sometimes feeding on the same, some-
times on different plants,  In every such ecase the valleys
that are nearest to cach other furnish the most nearly allied
forms ; und a full set of the vavielies of each species gresents
o minnte gradelion of forms between the more divergent fypes
Jound in the more widely separated localities”

In most land-shells there is a considerable amount of varia-
tion in colour, markings, size, form, and texture or striation
of the surface, even in specimens collected in the same
loeality. Thus, a Irench author has enumerated no less than
198 varieties of the common wood-snail (Helix nemoralis),
while of the equally common garden-snail (Helix hortensis)
ninety varietieshave becndeseribed. Fresh-water shells are ulso

1 Foraminifera, preface, p. x.
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subject to great variation, so that there is much uncertainty as
to the number of species; and variations are especially frequent
in the Planorbidw, which exhibit many eccentric deviations from
the usual form of the species—deviations which must often
affect the form of the living animal.  In Mr. Ingersoll’s Report
on the Tecent Mollusea of Colorado many of these extra.
ordinary variations are referred to, and it is stated that a shetl
{Helisonia trivolvis) abundant in some small ponds and lakes,
had scarcely two specimens alike, and muany of them closcly
resembled other and altogether distinet speeies.!

The f’ariabilitg/ of Insects,

Among Insects there is a large amount of variation, thongh
very few entomologists devote themselves to its investigation.
Our first examples will be taken from the late Mr. T. Vernon
Wollaston’s book, On the Fariation of Species, and they
must be considered as indications of very widespread though
little noticed phenomena. He speaks of the curious little
carabideous beetles of the genus Notiophilus as Deing
“extremely unstable both in their sculpture and hue;” of
the common Calathus mollis as having “the hind wings at
one time ample, at another rudimentary, and at o third nearly
obsolete ;” and of the same irregularity as to the wings being
characteristic of many Orthoptera and of the Homopterous
Fulgoridie. Mr. Westwood in his Medern Classification of
Insects states that “tho species of Gerris, Hydrometra, and
Velia are mostly found perfectly upterous, though cccasionally
_with full-sized wings.”

It is, however, among the Lepidoptera (butterflies and
moths) that the most numerous cases of variation have been
observed, and every good collection of these insccts affords
striking examples. T will first adduce the testimony of Mr.
Buates, who spoaks of the butterflies of the Amazon valley
exhibiting innumerable local varieties or races, while some
species showed great individual variability. Of the beantiful
Mechanitis Polymnia he says, that at Ega on the Upper
Amazons, “it varies not only in general colour and pattern,
but also very considerably in the shape of the wings,
especially in the male sex.” Again, at St Iaulo, Tthomia

L United States Geological Survey of the Territories, 1874,
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Orolina exhibits four distinet varieties, all oceurring together,
and these differ not only in colour but in form, one variety
being described as having the fore wings much elongated in the
male, while another is mouch larger and has “the hind wings in
the male different in shape.” Of Heliconius Numata Mr. Bates
says: “This speeies is so variable thatit is diffieult to find two
examples cxactly alike,” while “it varies in structure as well
as in colours. The wings are sometimes broader, some-
times narrower ; and their edges are simple in some examples
and festooned in others.” Of another species of the same
genus, H. melpomene, ten distinet varictics are deseribed
all more or less connected by intermediate forms, and four
of these varicties were obtained at one locality, Serpa on
the north hank of the Amagon,  Ceratina Nironia is another
of these very unstable species exhibiting many loeal varieties
which are, however, incomplete and conneeted by intermediate
forms ; while the several species of the genus Lycoren all
vary to such an extent as almost to link them together, so
that Mr. Bates thinks they might all fairly De considered as
varicties of one species only.

Turning to the Kastern Hemisphere we have in Papilio
Severus a species which exhibits o Jarge amount of simple
variation, in the presence or absenee of a pale patch on the
upper wings, in the brown submarginal marks on the lower
wings, in the form and extent of the yellow band, and in
the size of the specimens. The most extreme forms, as well
as the intermediate oncs, are often fonnd in one locality and
in company with each other. A small butterfly (Terius hecabe)
ranges over the whole of the Indian and Malayan regions to
Australia, and everywhere exhibits great variations, many of
which have been described as distinct species; but a gentle-
man in Australia bred two of these distinet forms (T. hecabe
and T. Alsiope), with several intermediates, from one batch of
caterpillars found fecding together on the same plant.! Tt is
therefore very probable that a considerable number of supposed
distinet species are only individual varieties.

Cases of variation similar to those now adduced among
butterflies might be increased indefinitely, but it is as well to
note that such important characters as the neuration of the

1 Proceedings of the Entomological Soctety of London, 1875, p. vil.
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wings, on which generic and family distinctions are often
established, are also subject to variation. The Rev. K. I
Murray, in 1872, laid before the FEntomological Socicty
examples of such variation in six species of butterflies, and
other cases have heen sinco deseribed.  The larvae of butter-
flies and moths are also very variable, and one observer
recorded in the Proccedings of the Enfomological Sociely for
1870 no less than sixteen varicties of the caterpillar of the
bedstraw hawk-moth {Deilephela galii).

Vaajation among Lizards.

Passing on from the lower animals to the vertehrata, we
find more abundant and more definite evidence as to the
extent and amount of individual variation. I will first give a
case among the Reptilia from some of Mr. Darwin’s uno-
published MSS,, which have been kindly lent me by Mr
Francis Darwin,

“M. Milne Edwards (Anrnales des Sci. Nal,, 1 ser., tom.
xvi. p. H0) has given a curious table of measnrements of fonr-
teen specimens of Lacerta muralis ; and, taking the length of
the head as o standard, he finds the neck, trunk, tail, front
and hind legs, eolour, and femoral pores, all varying wonder-
fully ; and so it is more or less with other species. So ap-
parently trifling a character as the scales on the head affording
almost the only constant characters.”

As the table of measurements above referred to would give
no clear conception of the nature and amount of the variation
without a laborious stady and comparison of the figures, I
have endeavoured to find a method of presenting the facts to
the eye, so that they may be casily grasped and appreciated.
In the diagram opposite, the comparative vaviations of the
different organs of this species are given by means of variously
bent lines. The head is represcnted by a straight line because
it presented (apparently) no variation. The body is next
given, the specimens being arranged in the order of their size
from No. 1, the smallest, to No, 14, the largest, the actual
lengths being laid down from a base line at a suitable
distance bhelow, in this case two inches helow the centre, the
mean length of the body of the fourteen specimens heing two
inches. The respective lengths of the neck, legs, and toc of
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each specimen are then luid down in the same manner at
convenient distances apart for comparison; and we see that
their variations bear no definite relation to those of the body,
and not much to those of cach other. 'With the exception of
No. 5, in which all the parts agree in being large, there is a
marked independence of each part, shown by the lines often
curving in opposite directions; which proves that in those
specimens one part is large whilo the other is small.  The
actual amount of the variation is very great, ranging from
one-sixth of the mean length in the neck to considerably more
than a fourth in the hind leg, and this among only fourteen
examples which happen to he in a particelar muscum.

To prove that this is not an isolated case, Professor Milne
Edwards also gives a tahle showing the amount of variation in
the muscum specimens of six common species of lizards, also
taking the head as the standard, so that the comparative
variation of each part to the hend is given. In the accompany-
ing diagram (Fig. 2) the variations are exhibited by means of
lines of varying length. It will be understood that, however
much the specimens varied in size, if they had kept the same
proportivis, the variation line would have heen in every case
reduced to a point, as in the neck of 1. velox which exhibits
no variation. ‘L'he different proportions of the variation lines
for each species may show n distinet mode of variation, or may
be merely due to the small and differing number of specimens ;
for it is certain that whatever amount of variation oceurs
among a fow specimens will he greatly inereased when o much
larger number of specimens are examined.  That the amount of
variation is large, may be seen by comparing it with the actnal
length of the head (given below the diagram) which was used
as a standard in dctermining the variation, but which itself
seems not to have varied.!

Parialion among Dirds.

Coming now to tho class of Birds, wo finl mueh more
copious evidence of variation, This is due partly to the fuct
that Ornithology has perhaps a lawrger hody of devotees than
any other branch of natural history (except entomology); to
tho moderate size of tho mujority of birds; and to tho circum-

1 Aun. des Sei. Nat., tom. xvi p. 50,
B
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stance that the form and dimensions of the wings, tail, beak,
and feet offer the best generie and specific characters and ean
all be easily measured and compared.  The most systematie
observations on the individual variation of birds have been
made hy Mr. J. A. Allen, in his remarkable memoir: “On the
Mammals and Winter Birds of Fast Florida, with an exanina-
tion of certain assumed specific characters in Birdy, and a
skoeteh of the Bird Fauna of Eastern North America,”
published in the Bulletin of the Musewm of Comparaliee
Hoelogy at Harvard College, Cambridge, Massachusetts, in
1871, In this work exagh measurements are given of all the
chicf external parts of a large number of speeies of common
Ameriean birds, from twenty to sixty or more specimens of
each species heing measured, so that we are able to determine
with some precision the natwre and extent of the variation
that usually oceurs. Mr. Allen says: “The facts of the
case show that a variation of from 15 to 20 per cent
in general size, and an eyual degree of variation in the
relative size of diflerent parts, may be ordinarily expected
among specimens of the same speeies and sex, taken at the
same locality, while in some cases the variation is even greater
than this.” He then goes on to show that cach part varies
to o considerable extent independently of the other parts; so
that when the size wvaries, the proportions of all the parts
vary, often to a mnch greator amount.  The wing and tail,
for example, hesides varying in length, vary in the pro-
portionate length of cach feather, and this causos their outline
to vary considerably in shape.  The hill also varies in length,
wirdth, depth, and curvature.  The tarsus varies in length, as
does each toe separately and independently ; and all this not
to a minute degree requiring very eareful measurement to
detect it at all, but to an amount casily scen without any
measurement, as it averages one-sixth of the whole length and
often reaches one-fourth.  In twelve species of common
perching bieds the wing varied (in from twenty-five to thirty
specimens) from 14 to 21 per cent of the mean length, and the
tail from 138 to 23-4 per eent.  The variation of the form of
the wing can he very easily tested by noting which feather is
longest, which next in length, and so on, the respective
feathers being indicated by the numbers 1, 2, 3, ete, com-
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mencing with the outer one.  As an example of the irregulur
variation constantly met with, the following occurred among
twenty-five specimens of Dendreca coronata.  Numbers
bracketed imply that the corresponding feathers were of
equal fength.?

Revarive Lexaras oF Prismary WiNag FEATHERS oF
DENDRECA CORONATA.

o Hecond in ‘ Third in Fonrth in | Filfth in Hrvihoin
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{lere we have five very distinet proportionate lengths of
the wing feuthers, any one of which is often thought sufticient
to characterise u distinet speeies of bird ; and though this is
rather an extreme ease, Mr. Allen assurves us that “the com-
parison, extended in the table to only a fow species, has hoon
carried o scores of others with similar vesults.”

v Along with this variation in size and proportions there oceurs
a lurge amount of varfution in colour and markings. “The
difference in intensity of colonr between the extremes of a
series of fifty or one hundred specimens of any species, collected
at a single locality, and nearly at the same seuson of the year,
is often as great as occurs between truly distinct species.”  But
there is also a great amount of individual variability in the
markings of the same species. Birds having the plumage
varied witlr streaks and spots differ exceedingly in different
individuals of the same species in respect to the size, shape,
and number of these marks, and in the general aspect of the
plumage resulting from such variations. “In the common

1 See Winter Birds of FMoride, p. 206, Table F,
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song sparrow (Melospiza melodia), the fox-eoloured sparrow
{Passerella iliaca), the swamp sporrow {Melospiza palustris), the
black and white creeper (Mniotilta variu), the waber-wagtail
{Seiwrus novehoracencis), in Turdus fuscescens and its allies, tho
difference in the size of the streaks is often very considerable.
In the song sparrow they vary to such an extent that in some
cases they are reduced to narrow lines; in others so enlarged
as to cover the greater part of the hreast and sides of the body,
gometimes uniting on the middle of the breast into n nearly
continuous patch.”

Mr. Allen then goes op to particularise several species in
which such variations occur, giving cases in which two speei-
mens taken at the same place on the same day exhibited the
two extremes of coloration. Another set of variations is
thus described : “ The white markings 8o common on the wings
and tails of hirds, as the bars formed by the white tips of the
greator wing-coverts, the white patch oecasionally present at
the base of the primury quills, or the white hand crossing
them, and the white patch near the end of the outer tuil-
feathers are also extremely liable to variation in respect to
their extent and the number of feathers to which, in the same
species, these markings extend.” Tt is to be especially noted
that all these varietics ure distinet from those which depend
on season, on age, or on sex, and that they arc such as have
tn many other species been considered to he of specifie
value.

These variations of colour could not be presented to the eye
without a series of earefully engraved plates, but in order to
bring Mr, Allen’s measurements, illustrating variations of size and
proportion, more clearly before the reader, I have prepared a
series of diagrams illustrating the more Important facts and
their hearings on tho Darwinian theory.

The first of these is intended, mainly, to show the actusl
amount of the variation, as it gives the true length of the
wing and til in the extreme cases umong thirby specimens of
each of three species.  The shaded portion shows the minimum
length, the unshaded portion the additional length in the
maximum. The point to be specially noted here is, that in
each of these common species there is about the same amount
of variation, and that it is so great as to be obvious at a glance,
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There is here no question of “minute” or “infinitesimal ”
variation, which many people suppose to he the only kind of
varinbion that exists. It cannot even be called small; yet
from all the evidence we now possess it seems to be the
amount which characterises most of the common species of
birds.

It may be said, however, that these are the extreme variations,
and only occur in one or two individuals, while the great
majority cxhibit little or no difference. Other diagrams will
show that this is not the case; but even if it were so, it would
be no objection at all/because these are the extremes among
thirty specimens only.  We may safely assume that these thirty
specimens, taken by chance, are not, in the case of all these
species, exceptional lots, and therefore we might exprect at least
two similarly varying specimens in cach additiona] thirty, But
the number of individuals, even in a very rave species, is
probably thirty thonsand or more, and in a common species
thirty, or even three hundred, millions,  Even one individual
in each thirty, varying to the umount shown in the diagram,
would give at least a million in the total population of any
common bird, and among this million many would vary much
more than the extreme among thirty only. We should thus
have a vast hody of individuals varying to o lurge extent in
the length of the wings and tail, and offering ample material
for the modification of these organs by nutural selection. We
will now proceed to show that other parts of the body vary,
simultaneously, but independently, to an equal amount.

The first bird taken iz the common Bob-o-link or Rice-hird
{Dolichonyx oryzivorus), and tho Dingram, Fig. 4, exhibits the
variations of seven important characters in twenty male adult
specimens.’ These characters are—the lengths of the body,
wing, tail, tarsus, middle tee, outer toe, and hind toe, being as
many a8 can he conveniently exhibited in one diagram. The
length of the body is not given by Mr. Allen, but as it forms
a convenient standard of comparison, it has been ohtained hy
deducting the length of the tail from the total length of the
birds a8 given by him. The diagram has heen constructed
as follows :—The twenty specimens are first arranged in a
series according to the body-lengths (which may be con-

¥ 8ee Table I, p. 211, of Allen’s Winter Birds of Florida.
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sidered to give the sizo of the bird), from the shortest
to the longest, and the same number of vertical lines are
drawn, numbered from one to twenty. In this case {and
wherever practicable) the bodylength is measured from the
lower line of the diagram, so that the actual length of the bird
15 exhibited as well as the actual variations of length.  These
can be well estimated by means of the horizontal line drawn
at the mean between the two extremes, and it will be seen
that one-fifth of the total number of specimens taken on sither
side exhibits a very large amount of variation, which would of
course he very much greater if a hundred or more specimens
were compared.  The lengths of the wing, tail, and other parts
are then laid down, and the diagram thus exhibits at a glanee
the comparative variation of these parts in every specimen as
well as the actnal amount of variation in the twenty specimens ;
and we are thus enabled to arrive at some important con-
clusions.

We note, first, that the variations of nome of the parts follow
the variations of the hody, hut are sometimes almost In an
opposite direction.  Thus the longest wing corresponds to a
rather small hody, the longest tail to a medium hody, while
the longest leg and toes helong to only a moderately large body.
Again, even related parts do not constantly vary together but
present many instances of independent variation, as shown by
the want of parallelism in their respective variationlines. In
No. b (see Fig. 4) the wing is very long, the tail moderately
50 ; while in No, 6 tho wing is much shorter while the tail is
considerably longer. The tarsus presents comparatively little
variation ; and although the three toes may be said to vary in
general together, there are many divergencics ; thus, in passing
from No. 9 to No. 10, the outer toe becomes longer, while the
hind toe becomes considerably shorter ; while in Nos. 3 and 4
the middloe toe varies in an opposite way to the cuter and the
hind toes.

In the next dingram (Fig. 5) we have the variations in
forty males of the Red-winged Blackbird {Ageleus phonicens),
and hore we see the same general features. One-fifth of the
whole number of specimens offer a large amount of variation
either below or above the mean ; while the wings, tail, and head
vary quite independently of the body, The wing and tail oo,
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though showing some amount of correlated variation, yet in
no less than nine cages vary in opposite dircctions as compared
with the preeeding specles.

The next dingram (Fig. 6), showing the variations of thirty-
one males of the erdmal bird ((4.11"(11113,11‘; virginianus), exhibits
these featurcs mueh more strongly.  The amount of varintion
in proportion to the size of the hird is very much greater;
while the variations of the wing and tail not only have no
correspondence with that of the body but very little with cach
other.  In no less than twelve or thirteen instances they vary
in opposite dircctions, while even where they correspond in
direction the amount of the variation i3 often very dispropor-
tionate.

As the proportions of the tavsi and toes of birds have great
inftuence on their mode of life and habits and are often used
as specific or even generic charaeters, T have prepared a
diagram (Fig. 7) to show the variation in these parts only, among
twenty specimens of each of four species of hirds, four or five of
the most variable alone being given,  The extreme divergence
of cach of the lines in a vertical direction shows the actual
amount of variation ; and if we consider the small length of
the toes of these small birds, averaging about three-qnarters of
an inch, we shall see that the variation is really very large ;
while the diverging curves and angles show that cach part
varies, to a great e\tcnb md(,pemlcntly It is cvident that
if we compa.rc:l some thoumnds of individuals instead of
only twenty, we shouid have an ameount of independent
variation occurring each year which would enable almost any
modification of these important organs to be rapidly effected.

In order to meet the objection that the large amount of
variability here shown depends chiefly on the observations
of one persen and on the birds of a single country, 1 have
examined Professor Schlegel's Catalogue of the Birds in the
Leyden Museum, in which he usually gives the range of
variation of the speeimens in the muscum {which aro
commonly less than a dozen and rarcly over twenty) as
regards some of their more important dimensions, Theso
fully support the statement of Mr. Allen, sinee they show an
equal amount of variability when the numbers compared aro



60 DARWINISM CHAP.
! 2 3 4 5
TarsusS . cooeeeneamannn, L] —— w
a \ /
w @ Middle Toe_...._..__.
o o
s 2 ™
§ '% Quter Toc .o ...\
:‘; ind Toe_____...._. I Iy Y
Tarsua f.ooveeee . ._____l/ ]
S
Middle Tne__.___._____/hh-"““/
et
5 5 Outer Toe..__... ..._] /\/ \
'§ %
@ Hind Toe ..o ....._. .——-”“*--\____.._-—/
% L
S Tarsus
- 1
= I
'§_ Middie Toe ... " D
n
o = Guter Toe__. .| Il R —
= 0w
& Hind Toe ... T ]
Tarsus-u...h....._,%.,/\"_"“—‘
«  Middle Toe . /\ /
X
o o
g 3 Outer Tae/\/
s D
8§ ° Hind T06.oo.o o ... T~ —]
[

i 2 3
From Table G. in Allen's Birds of Florida.

Fra. 7.—Variatlon of Tarsus and Toes.




1t DIAGRAM OF VARIATION

61

- ___Bill
. __Tarsus
e Mid, Toe

Phonygama atra

J— [

Oriotus galbula

Pica caudata

Semeioptera wallacei

P ESEE————— EE— S e— e M g
I—t
—
o

o

Pyrrhocorax alpinus

Fia. 8.—Variation of Birds in Leyden Museunt,



62 DARWINISM CHAP.

eufficient, which, however, is not often the case. The
accompanying diagrtam cxhibits the actunl differences of size
in five organs which oceur in five species taken almost at
random from this eatalogne. Here, again, we perceive that
the variation is decidedly large, even among a very small
number of speeimens; while the facts all show that there is
no gronnd whatever for the common assumption that natiiral
spocies consist of individuals which are nearly all alike, or
that the variutions which oceur are “infinitesimal” or even
“small.”

The proportionde Number of Individuals wlhich present «
considerable amount of Variation.

The notion that variation Is n comparatively exceptional
phenomencn, and that in any ease considerable variations
ocour very rarely in proportion to the number of individuals
which do not vary, is so deeply rooted that it is necessary to
show by every possible method of illustration how completely
opposed it is to the facts of natnre. I have therciore
prepared somo diagrams in which each of the individual birds
measured is represented by a spof, placed at a proportionate
distance, right and left, from the median line accordingly as
it varics in excess or defect of the mean length as regards the
particufar part compared. As the ebject in this set of dia-
grams is to show the number of individuals which vary con-
giderably in proportion to those which vary little or not at
all, the scale has been enlarged in ovder to allow room for
placing the spots without overlapping each other,

In the diagram opposite twenty males of Icterus Baltimore
are registered, so as to exhibit to the eye the proportionate
number of spocimens which vary, to a greater or less amount,
in the length of the tail, wing, tarsus, middle toe, hind toe, and
hill. It will be noticed that there is usnally no very great
accumulation of dots about the median line which shows the
average dimensions, hut that a considerable mmmber are spread
at varying distances on each side of it

In the next diagram (Fig. 10), showing the variation
among forty males of Agelmus pheeniceus, this approach to an
equable spreading of the variations is still more apparent;
while in Fig 12, where fifty-eight specimens of Cardinalis
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virginianus are registered, we sce a remarkable spreading out
of the spots, showmlr in some of the characters a tendency to
segregation into two or more groups of individuals, each vary-
ing considcmbly from the mean.

In order fully to apprecinte the teaching of these diagrams,

VARIATION OF
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we must remember, that, whatever kind and amount of varia-
tions are cxhibited by the few specimens here compared,
would he greatly extended and brought into symmetrical
form if large numbers—thousands or millions—were sub-
jected to the same process of measurcment and registration.
We know, from the general law which governs variations
from a mean value, that with increasing numbers the range
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of variation of each part would increase also, at first rather
rapidly and then more slowly ; while gaps and irregularities
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would be gradually filled up, and at length the distribution

of the dots would indicate a tolerably regular curve of deuble
eurvature like those shown in Fig. 11.  The great divergence
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of the dots, whon even a few specimens aro compared, shows
‘that the curve, with high numbers, would be a flut cne like the
lower curve in the illustration here given, This being the case it
would follow that a very large proportion of the total number of
individuals constituting a species would diverge considerably
from its average condition as regards cach part or organ; and
as we know from the previous diagrams of variation (Figs. 1
to 7) that euch part varics to a considerable extent, inde-
pendently, the materials constantly ready for natural selection

CARDINALIS VIRGINIANUS. 58 specimens. Fiorida.
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to act wpon are abundant in quantity and very varied in kiud.
Almost any combination of vartations of distinet parts will he
available, where required ; and this, as we shall sec further
on, obviates one of the most weighty objeetions which have
been urged against the efficiency of natural selection i pro-
ducing new species, genera, and higher groups.

Fariation in the Mammalic.

Owing to the generally largo size of this class of animals,
and the comparatively small number of naturalists who study
them, large series of specimens are only oceasionally exumined

¥
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and compared, and thus the materials for determining the
question of their variability in a state of nature are compara-
tively scanty. The fact that our domestic animals belonging
to this group, especially dogs, present extreme varicties not
surpassed even by pigeons and poultry among birds, renders it
almost certain thut an equal amount of variability oxists in the
wild state ; and this is confirmed by the example of a species of
gquirrel (Seiurns carolinensis), of which sixteen specimens, all
males and all taken in Florida, were measured and tabulated
by Mr. Allen. The dingram here given shows, that, both the
general amount of themariation aid the independent variability
of the several members of the bedy, accord completely with
the varintions so common in the elass of birds; while their
amount and their independence of each othor are even greater
than usual.

“wriittion in the Infernal Orgens of Aniinals,

In caso it should be objected that the euses of variation
hitherto adduced are in the external parts only, and that
there is no proof that the internal organs vary in the same
manner, it will be advisable to show that such varieties also
ocenr. It is, however, impossible to adduce the sume amount
of cvidence in this class of variation, because the great labour
of dissecting large numbors of specimens of the same species
is rarely undertaken, and we have to trust to ihe chanee
obscrvations of anatomists recorded in their regular course of
study.

It must, however, be noted that a very large proportion of
the variations already recorded in the extornal parts of
animals necessarily imply corresponding internal variations,
When feet and legs vary in size, it 3s becanse the bones vary ;
when the head, body, limbs, and tail change their proportions,
the bony skeleton must also change; and even when the wing
or tail feathers of birds hocome longer or more numerous,
there is sure to bo a corresponding change in the bones which
support and the muscles which move them. 1 will, however,
give a few cases of variations which have been directly
obgerved.

Mr, Frank E. Beddard has kindly communicated to me
somo remarkable variations he has observed in the internal
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organs of a species of earthworm (Perionyx excavatus). The
normal characters of this species are—-

Betee forming a complete row round each segment.

Two pairs of spermatheciw—spherical pouches without
diverticnlae-—in segments 8 and 9.

Two pairs of testes in scgments 11 and 12.

Ovaries, a single pair in scgment 13,

Oviducts open by a commeon pore in the middle of
segment 14.

Vusu deferentiz open separately in segment 18, each
furnished at its termination with a large prostate
gland.

Between two and three hundred spocimens wore examined,
and among them thirteen specimens exhibited the following
marked variations :—

(1) The number of the spermathecze varied ifrom two to

. three or four pairs, their position also varying,

{2) There were occasionally two pairs of ovaries, each

with its own oviduct; the external apertures of
these varied in position, being upon segments 13
and 14, 14 and 15, or 153 and 16, Occasionally
when there was only the normal single oviduct
pore present it varied in position, onee oceurring on
the 10th, and once on the I1th segment.

{3) The male generative pores varied in position from
segments 14 to 20. In one instance there were two
pairs instead of the normal single pair, and in this
case each of the four apertures had its own
prostate gland.

Mr. Beddard remarks that all, or nearly all, the abova
variations are found ngrmally in other genera and species,

When we consider the enormous number of earthworms
and the comparatively very small number of individuals ex-
amined, we may be sure, not only that such variations ag these
occur with considerable frequency, but also that stil more
extraordinary deviations from the normal structure may often
exist.

The next example is taken from Mr. Darwin's unpublished
MSS.
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“In some species of Shrews (Sorex) and in some field-mice
(Arvicola), the Rov. 1. Jenyns (dnn, Nut. Iist., vol. vil. pp. 267,
272) found the proportional length of the intestinal canal to
vary considerably.  He found the same variability in the
number of the eandal vertebrm.,  In three specimens of an
Arvicola ke found the gall-bladder having a very different
degree of development, and there is reason to helieve it is
sometimes absent. Professor Owen has shown that this is
the case with the gall-bladder of the wimﬂ'e.”

I Crisp (ch Zvol. Sve., 1862, p. 137) found the gall-
bladder Ill"b‘\blltlll some specimens of (»crvus bupcrclllarlb while
absent in others; and he found it to be ahsent in three
giraffes  which he disseeted. A double gall-bladder was
found in a sheep, and in o small mammal preserved in the
Hunterian Museum there are three distinet gall-bladders.

The length of the alimentary canal varies greatly. In three
adult giraffes desceribed by Professor Owen it was from 124 to
136 feet long: one dissected in Fronce had this canal 211
fect long ; while Dr. Crisp measured one of the extraordinary
length of 254 fect, and similar variations are recorded in
other animals.!

The number of ribs varies in many animals. Mr. St. George
Mivart says: “In the highest forms of the Primates, the
number of truo ribs is seven, but in Hylobates there are some-
times eight paire. In Semnopithecus and Colobus there are
generally seven, but sometimes eight pairs of true ribs. In
the Cebidw thero are generally seven or eight patrs, but in
Atcles sometimes nine” (Proc. Zool. Soc, 1865, p. 568). In
the same paper it is stated that tho number of dorsal vertehre
in man is normally twelve, very rarely thirteen. In the
Chimpanzee there arc normally thirteen dorsal vertebra, but
occasionally there are fourteen or only twelve.

Fariations wn the Skull.

Among the nine adult male Orang-utans, collected by
myself in Borneo, the skulls differed remarkably in size and
proportions. The orbits varied in width and height, the
eranial ridgo wag cither singlo or double, either much or little
developed, and the zygomatic aperture varied considerably in

L Proc. Zool. Soc., 1864, p. 64.
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size. I noted particularly thdt these variations hore no
necessary relation to each other, so that a lurge temporul
muscle and zygomatic aperture might exist either with a
large or a small cranium ; and thus was explained the eurions
difference between tho single-crested and the dounble-crested
skulls, which had been supposed to churacterise distinct specics.
As an instance of the anount of variation in the skulls of
fully adult male orungs, 1 found the width between the orhits
externally to be only 4 inches in one specimen and fully
5 inches in another.

Exact measurements of large series of comparable skulls of
the mammalia are not casily found, Imt from those available
T have prepared three diagrams (Figs, 14, 15, and 16), in order
to exhibit the facts of varfation in this very important organ.
The first shows the variation in ten specimens of the common
wolf {Canis hupus) from one district in North America, and
we see that it is not only lurge in amount, but that cach
part exhibits a consideruble independent variability.!

In Diagrimm 15 we have the vartations of eight skulls of
the Indian Honey-bear (Ursus labiatus), as tabulated by the
late Dr. J. [ Uray of the British Museam, TFor such a
small number of specimens the amount of variation is very
large—{rom one-cighth to one-fifth of the mean size,~while
there are an extraordinary number of instances of inde-
pendent variability. In Diugram 16 we have the length and
width of twelve skulls of adult males of the Indian wild boar
(Sus cristatus), also given by Dr. Gray, exhibiting in both sets
of measurements a variation of more than one-sixth, combined
with a very considerable amount of independent variability.?

The few facts now given, as to variations of the internal
parts of animals, might be multiplied indefinitely by a search
through the voluminous writings of comparative anatomists.
But the evidence already adduced, taken in conjunction with
the much fuller evidence of variation in all external organs,
leads us to the conclusion that wherever variations are looked
for among u considerable number of individuals of the more

1J. A, Allen, on Geographical Variation among North American Mumnals,
Bull, U. 8. Geal, and Geog, Survey, vol, ii, p. 314 (1876).
3 Proc. Kool, Soc. Lond., 1864, p. 700, and 1868, p. 28,
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Length

Mean 117{ in.

Width_ ...
Mean 72 in.

Palate ... ...._._.
flength)
Mean 6% in.

Orboits..e ...
(Width
Mean 2% in.

Nose . . 4
{ Width]
Mean 2% in.

\

/
\

a 4 [ 6
(From Table by Or.J.E. Gray. P.2.8. 1864, p.700,)

Fie, 13, —Variation of 8 skulls (Ursus labiatus)
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common species they are sure to be found; thut they are
cverywhers of considerable amount, often reaching 20 per
cent of the size of the part implicated ; and that they are to
a great extent independent of cach other, and thus afford
almost any combination of variations that may be needed.

It must be particularly noticed that the whole series of
variation-diagrams here given (except the three which illustrate
the number of varying individuals) in every case represent the
actual amount of the variation, not on any reduced or enlarged
seale, but as it were life-size.  Whatever number of inches or
decimals of an inch the species varies in any of its parts is
marked on the dingrams, so that with the help of an ordinary
divided rule or a puir of compasses the variation of the
different parts can be ascertained and compared just as if the
gpecimens themselves were before the reader, but with much
greater case.

In my lectures on the Darwinian theory in Ameriea and
in thiz country I used diagrams constructed on a different
plan, cqually illustrating the large amount of independent
variability, but less simple and less intelligible. The present
method iz o modification of that used by Mr. Francis Galton
in his rescarches on the theory of variability, the upper line
(showing the variability of the body) in Diagrams 4, 5, 6, and
13, being laid down on the method he has used in his experi-
raents with sweet-peas and in pedigree moth-breeding.? I be-
leve, after much consideration, and many tedious experiments
in diagram-making, that no better method can be adopted for
bringing before the eye, both the amount and the peculiar
features of individual variability,

Variations of the Habits of Animals.

Closely connected with those variations of internal and
external strueture which have been already described, are the
changes of habits which often occur in certain individuals or
in whole species, since these muat necessarily depend uponsome
corresponding change in the brain or in other parts of the
organism ; and as these changes are of great importance in
relation to the theory of instinct, a few examples of them will
ho now adduced.

1 See Trans, Entomological Society of London, 1887, p. 24,
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The Keu (Nestor notabilis) is a curious parrot inhabiting tho
mountain ranges of the Middle Island of New Zealand., It
Lelongs to the family of Brush-tongued parrots, and naturally
feeds on the honey of Howers and the inscets which frequent
tham, together with siuch finits or berries as are found in the
region. Till quite recently this comprized its whole dict, but
sinece the country itinhubits has become ocenpied by Europeans
it has developed a taste for a carhivorous diet, with alarming
results. It began by picking the sheepsking hung out to dry
or the meat in process of being cured.  About 1868 it was
first observed to attack living sheep, which had frequently
heen found with raw and bleeding wounds on their backs.
Since then it is stated that the bird actually burrows into the
living sheep, cating its way down to the kidneys, which form
its special delicacy. As a natural conscquence, the bird is
being destroyed as rapidly as possible, and one of the rare
and curious members of the New Zealand fauna will no
doubt shortly cease to exist. The ecase affords o remark-
able instance of how the climbing feet and powerful hooked
beuk developed for onc set of purposes can be applied to
another altogether different purpose, and it also shows how
little real stability thero may be in what appear to us the
most fixed habits of life. A somewhat similar change of diet
has been recorded by the Duke of Argyll, in which a goose,
reared by a golden eagle, was tanght by its foster-parent to
cat flesh, which it continued to do regularly and apparently
with great relish.?

Change of habits appears to he often a result of imitation,
of which Mr, Tegotmelor gives some good examples. He states
that if pigeons are reared exclusively with small grain, as
wheat or barley, they will starve before eating beans, But
when they are thus starving, if a bean-eating pigeon is put
among them, they follow its example, and thereafter adopt
the habit. So fowls sometimes refuse to eat maize, but on
seeing others eat it, they do the same and become excessively
fond of it. Many persons have found that their yellow
crocuses were eaten by sparrows, while the blue, purple, and
white coloured varietics wero left untouched ; but Mr. Teget-
meier, who grows only these latter colours, found that after

1 Nature, vol. xix. p 554.



76 DARWINISM CHAP.

two years the sparrows began to attack them, and thereafter
destroyed them quite as readily as the yellow oncs; and he
belicves it was moerely hecause some bolder sparrow than the
rest sct the example.  On this subjeet Mr. Charles C. Abbott
well remarks: “In studying the habits of our American birds
—and I suppose it is true of birds everywhere—it must at all
times be remembered that there is less stability in the habits
of birds than isusually supposed ; and no account of the habits
of uny ono species will exactly dotail the various features of
its habits as they renll}r are, in cvery portion of the terri-
tory it inhabits.” t

Mr. Charles Dixon has recorded a remarkable change in the
mode of nest-building of some common chaffinches which were
taken to New Zealand and turned cut there. e says: “'The
cup of the nest is small, loosely put together, apparently lined
with feathers, and the walls of the structnre are prolonged for
about 18 inches, and hang loosely down the side of the
supporting branch. The whole structure bears some re.
semblonce to the nests of the hangnests (Icteridie), with the
exception that the cavity is at the top.  Clearly these New
Zealand chaftinches were at a loss for a design when fabricat-
ing their nest.  They had no standard to work by, no nests of
their own kind to copy, no older birds to give them any instrue-
tion, and the result is the abnormal structure I have just
deseribed,”?

These few examples are sufficient to show that both the
habits and instinets of animals are subjoet to variation; and
had we a suflicient number of detailed observations we should
probably find that these variations were as numerous, as
diverse in character, as large in amount, and as independent
of each other us those which we have scen to characterise
their bodily structure.

The Variability of Plants.

The variability of plants is notorious, being proved not only
by the endless variations which oceur whenever a species is
largely grown by horticulturists, but also by the great difficulty
that is felt by botanists in determining the limits of species in

1 Nature, vol. xvi. p. 163 ; and vol, xi, p. 227.
? Ibid., vol. xxxi. (1886), p. 533.
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many large gonera. As examples we may take the roses, the
brambles, and the willows as well illustrating this fact. InMr,
Buker's Revision of the British Hoses (published by the Linnean
Society in 1863), he includes under the single species, Rosa
canina—the common dog-rose—no less than twenty-eight
named verieties distinguished by more or less constant characters
and often confined to speeial loealities, and to these are
reforred about seventy of the species of British and continental
botanists.  Of the genus Rubus or bramble, five British specios
are given in Bentham’s [andbook of the Beitish Flore, while
in the fifth edition of Babington’s Mawunl of British Bofeny,
published about the same time, no less than ferty-five species
are deseribed,  Of willows (Salix) the same two works
enumerate fiffern and fhivty-one species respeetively,  The
hawkweeds (Ilicracium) are equally puzzling, for while Mr.
Beutham admits only seven British species, Professor Babing-
ton describes no less than thirty-two, besides several named
varieties.

A TFrench botaniss, Mons. A. Jordan, has collected numerous
forms of a common lttle plant, the spring whitlow-grass
{Draba verna}; he has cultivated these for several suceessive
years, and declares that they preserve their peculiarities un-
changed ; he also says that they each come true from sced,
and thns possess all the characteristics of truc species. He
has deseribed no less than fifty-two such species or permanent
varieties, all found in the south of France; and he urges
botanists to follow his example in collecting, describing, and
cultivating all such varicties as may oceur in their respective
districts, Now, as the plant is very common almost all over
Europo and ranges from North America to the Himalayas,
the number of similar forms over this wide area wounld prob-
ably have to be reckoned by hundreds if not by thousands,

The class of facts now adduced must cortainly be held
to prove that in many large gencra and in some single species
there is a very large amount of variation, which renders it
quite impossible for experts to agree upon the limits of species.
We will now adduce a fow striking cases of individual
variation.

The distinguished botanist, Alp. de Candolle, made a special
study of the oaks of the whole world, and has stated some
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remarkable facts as to their variability. He declares that on
the same branch of onk he has noted the following variations :
(1) In the length of the petiole, as one to three ; (2} in the form
of the leaf, being either elliptical or ohoveid ; (3) in the margin
being entire, or noteched, or even pinnatifid ; (4) in the ex-
tremity being acute or blunt ; (5) in the base heing sharp,
blunt, or cordate; (6) in the surfuce being pubescent or
smooth ; (7) the perianth varies in depth and lobing; (8)
the stamens vary in number, independently ; (9} the anthers
are mucronate or blung; (10) the fruit stalks vary greatly
in length, often as one to threc; (11) the number of fruits
varies ; (12) the form of the base of the cup varies; (13) the
seales of the cup vary in form; (14} the proportions of the
acorns vary ; (15) the times of the acorns ripening and falling
vary.

Besides this, many species exhibit well-marked varicties
which have heen described and named, and these are most
numercus in the best-known speeies.  Onr British oak (Quercus
robur) has twenty-eight varietics; {Quercus Lusitanica has
eleven ; Quercus calliprinos has ten; and Quercus coccifera
eight.

A most remarkablo case of variation in the parts of a
common flower has heon given by Dr. Hermann Miiller. He
examined two hundred flowers of Myosurus minimws, among
which he found #hirfy-five different proportions of the sepals,
petals, and anthers, the first varying from four to sevem, the
second from two to five, and the third from two to ten. Tive
sepals occurred in one hundred and eighty-nine out of the two
hundred, but of thesc one handred and five had three petals,
forty-six had four petals, and twenty-six had five petals ; but
in each of these sets the anthers varied in number from three
to eight, or from two to nine. We have here an example of
the same amount of “independent variability ” that, as we
have seen, occurs in the wvarious dimensions of birds and
mammals ; and it may be taken as an illustration of the kind
and degree of variability that may bhe expected to occur
among small and little specialised flowers.!

In the common wind-flower (Anemone nemorosa) an almost
equal amount of variation oceurs; and I have myself gathered

! Nature, vol. xxvi, p, 81.
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in one locality flowers varying from f inch to 1} inch in
diameter ; the bracts varying from 14 inch to 4 inches across;
and the petaloid sepals either broad or narrow, and varying
in number from five to ten. Though generally pure white
on their npper surface, some speeimens are a full pink, while
others have a decided blnish tinge.

My, Darwin states that he carefully examined a large number
of plants of Geranium pheeum and G. pyrenaicum (not perhaps
truly Dritish but frequently found wild), which had escaped
from cultivation, and had sproad by seed in an open planta-
tion ; and he declares that “the seedlings varied in almost
every single character, both in their flowers and foliage, to a
dogree which I have nover scen exceeded ; yet they conld not
have becn exposed to any great change of their conditions,”?

The fellowing examples of variation in importunt parts of
plants were collected by Mr. Darwin and have been copied
from his unpublished MSS. :—

“Do Candolle (Mem. See. Phys. de Gentve, tom, . part i
P 217) states that Papaver bracteatum and P. orientale present
indifferently two sepuls and four petals, or three sepals and
six petals, which i3 sufliciently rare with other species of the
genus.”

“In the Primuluce:s and in the great class to which this
family belongs the unilocular ovarinm is free, but M. Dubury
{Mem. Sovc. Phys. de Genéve, tom, ii. p. 406} has often found
tndividuals in CUyclamen hederwefolium, in which the base of
the ovary was connceted for a third part of its length with
the inferior part of the calyx.”

“M. Aug. St Hilaire (Sur la Gynobase, Mem. des Mus,
d'Hist. Nut., tom. x. p. 134), speaking of some bushes of tho
Gomphia olemfolia, which he at first thought formed a quite
distinct speeies, says: ‘Veild done dans un méme individu
des loges et un style qui se rattachont tantds a un axe vertical,
ot tantét a un gynobase; done celui-el n'est qu'un axe veri-
table ; mais cet axe est deprimé an lieu d'étre vertieal,” He
adds (p. 151), ‘Does not all this indicate that nature has
tried, in 1 manner, in the family of Rutacem to produce from
a singlo multilocular oviry, onestyled and symmetrical,
several unilocular ovarics, cach with its own style.” And he

1 dnimals and Plants wnder Domestication, vol. il. p. 258,
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subsequently shows that, in Xanthoxylum monogynum, ‘it
often happens that on the same plant, on the same panicle,
we find flowers with one or with two ovaries;” and that this is
an important character is shown by the Rutacem (to which
Xanthoxylom belongs), being placed in a group of natural
orders characterised by having a solitary ovary.”

“ De Candolle has divided the Crucifer:e into five sub-orders
in accordance with the position of the radicle and cotyledons,
yet Mons. T. Gay (Ann des Seign. Nob, ser. 1. tom. vii. p. 389)
founud in sixteen seods of Potrocallis Pyrenaica the form of the
embryo so uncertain that he could not tell whether it ought
to be placed in the sub-orders ¢ Pleurorhizde’ or ® Notorhizée’;
so again (p. 400) in Cochlearia saxatilis M. Gay exumined
twenty-nine embryos, and of these sixteen were vigorously
¢ pleurorhizées,” nine had characters intermediate between
pleuro- and notor- hizées, and four were pure notorhizées.”

“M. Raspail assevts (Anm. des Seien. Nul, ser. 1. tom. v. p.
440) that a grass (Nostus Borbonicus) is so eminently variable
in its floral organisation, that the varieties might serve to
make a family with sufficiently numerous genera and tribes—
a remark which shows that important organs must be here
variable.”

Species which vary little.

The preceding statements, as to the great amount of
variation occurring in animals and plants, do not prove
that all species vary to the same extent, or oven vary at
all, but, merely, that a considerable numher of species in
every class, order, and family do so vary, It will have
been observed that the examples of great variability have
all been taken from common speeies, or species which have
a wide range and are abundant in individuals. Now Mr,
Darwin concludes, from an elaborate examination of the floras
and faunas of several distinct regions, that common, wide
ranging species, as a rule, vary most, while those that are
confined to special districts and are therefore comparutively
limited in number of individuals vary least. By a similar
comparison it iz shown that species of large genera vary more
than species of small genera. These facts explain, to some
extent, why the opinion has been so prevalent that variation
is very limited in amount and exceptional in character. For
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naturalists of the old schonl, and all mere collectors, were
interested in specics in proportion to their rarity, and would
often have in their collections a larger number of specinens
of a rore species than of a specles that wuas very common,
Now as these rave speeies do really vary rouch less than the
common species, and in many cases hardly vary at all, it was
very matuval that a belief in the fixity of speeies should
prevail. It 33 not, however, as we shull see presently, the
rare, but the common and widespread species which become
the parents of new forms, and thus the non-variability of any
number of rare or local species offers no difticulty whatever in
tho way of the theory of evolution,

Concluding Hemarks.

We have now shown in some detail, at the risk of being
tedious, that individnal variability is « general character of all
common and widespread species of animals or plants; and,
further, that this variability extends, so far as we know, to
every part and organ, whether external or internal, as well as
to every mental faenlty.  Yet more important is the fuct that
each part or orgun varies to a considerable extent inde-
pendently of other parts.  Aguin, wo have shown, by abundant
evidence, that the variation that ovewrs is very large in
amount—usually reaching 10 or 20, and sometimes even 25
per cent of the average size of the varying part; while
not one or two only, but from 5 to 10 per cent of the speci-
mens examined exhibit nearly as large an amount of variation.
These facts have heen brought clearly before the reader by
means of numerous diagrams, drawn to scalo and exhibiting
the actual variations in inches, so that therc can be no pos-
sibility of denying either their generality or their amount.
The importance of this full exposition of the subjeet will be
soen in future chapters, when we shall frequently have to
refer to the facts here sot forth, eapecially when we deal with
the various theories of recent writers and the criticisms that
have been made of the Darwinian theory.

A full exposition of the facts of variation among wild
animals and plants is the more necessary, because compara-
tively few of them were published in Mr. Darwin’s works,

while the more important have only been made known since
n
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tho last edition of The Origin of Species was propared ; and it
is clear that Mr. Darwin himself did not fully recognise the
enornous amount of variability that actually exists. This
is indicated by his frequent reference to the extremo slowness
of the changes for which variation furnishes the materials,
and also by his use of sueh expressions as the following: “ A
variety when once formed wwust again, perheps after o long
inferval of fHwe, vary or present individual differences of the
same favourable nature as bhefore™ (Origin, p. 66). And
again, after speaking of changed conditions “affording a better
chance of the oecurfence of favourable variations,” he adds
“ Unless such occur madural selection can do mothing ™ (Origin,
p. 64). These cxpressions are hardly consistent with the
fact of the constant and large ampunt of variation, of every
part, in all directions, which evidenfly oecurs in each genera-
tion of all the more abundant species, and which must afford
an ample supply of favourable variations whenever required ;
and they have been seized upon and exaggerated by some
writers ns proofs of the extreme difficultics in the way of the
theory. It is to show that such difficulties do not exist, and
in the full conviction that an adequate knowledge of the
facts of variation affords the only sure foundation for the
Darwinian theory of the origin of species, that this chapter
has heen written,
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VARIATION OF DOMESTICATED ANIMALS AND
CULTIVATED TLANTS

The facts of variation and artificial seleetion—Troofs of the generality of
variation—Variations of apples and melons—Variations of flowers—
Varintions of domestic animals—Domestic pigeons—Acclinatisation
~—Cirenmstances favourable to scleetion by man--Conditions favour-
able to variation—Concluding remarks.

Having so fully diseussed variation under nature it will be
unnecessary to devote so much space to domesticated animals
and endtivated plants, especially us Mr, Dirwin has published
two remarkable volumes en the subject where those who
desire it may obtain ample information. A general sketch of
the more important facts will, however, be given, for the
purpose of showing how closely they correspond with those
deseribed in the preceding chapter, and also to point out the
general prineiples which they illustrate. It will also he
necessary to oxplain how these variations have been inercased
and accumulated by artificial sclection, since we are thereby
better enabled to understand the action of natural selection, to
be discussed in the succecding chapter.

The facts of Fariation and driificial Sclection.

Every one knows that in cach litter of kittens or of
puppies no two are alike. Even in the esse in which several
are exactly alike in colours, other differcnces arve always
perceptible to those who observe them closely. They will
differ in size, in the proportions of their bodies and limbs, in
the length or texture of their hairy covering, and notably
in their disposition. They each possess, too, an individual
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eountenance, almost as varied when eloscly studied as that of
a human being; not only can a shepherd distinguish every
sheep in his flock, but we all know that each kitten in the
successive families of our old favourite cat has a face of its
own, with an expression and individuality distinct from all
its brothers and sisters. Now this individual variability
exists among all creatures whatever, which we can closely
ohserve, even when the two parents are very much alike and
have been matched in order to preserve some special breed.
The sume thing ocengs in the vegetablo kingdom.  All plants
raised from seed diéer more or less from each other, In
every hed of flowers or of vegetables we shall find, if we look
closely, that there are countless small differences, in the size,
in the mode of growth, in the shape or colour of the leaves,
in the form, colour, or markings of the flowers, or in the size,
form, colour, or flavonr of the fruit. These differcnces are
usually small, but are yet easily seen, and in their extremes
are very considershle ; and they have this important quality,
that they have a tendeney to be reproduced, and thus by
careful breeding any particular variation er group of varia-
tions can he increased to an enormous extent—apparently to
any extent not incompuatible with the life, growth, and re-
production of the plant or animal

The way this is done is by artificial selection, and it is
very important to understand this process and its results,
Suppose we have a plant with u small edible seed, and we
want to increase the size of thut seed. We grow as large a
quantity of it as possible, and when the crop is ripe we
carefully choose a few of the very largest seeds, or wo may
by means of a sieve sort out a quantity of the largest seeds.
Next year we sow only these largoe seeds, taking care to give
them suitable soil and manure, and the result is found to be
that the average size of the seceds is larger than in the first
erop, and that the largest sceds are now somewhat larger and
more numerous. Again sowing these, we obtain a further
slicht increase of size, and in a very few years we obtain a
greatly improved race, which will always produce larger seeds
than the unimproved race, even if cnltivated without any
special care. In this way all our fine sorts of vegetahles,
fruits, and flowers have been obtained, all our choice breeds
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of cattle or of poultry, our wonderful race-horses, and our
endless varieties of dogs. It is a very common but mistaken
idea that thiz improvement ig due to crossing and feeding in
the cuse of animals, and to improved cultivation in the ease
of plants.  Crossing is occasionully used in order to obtain a
combination of qualities found in two distinet breeds, and
also because it is found to increase the constitutional vigour;
but every breed possessing any exceptionul quality is the
result of the selection of variations occurring year after year
and accumuluted in the maunner just deseribed. Purity of
breed, with repeated selection of the best varieties of that
breed, is the foundation of ull improvement in cur domestic
animals and cultivated plants.

Droofs af the Generality of uriation.

Another very common error is, that variation is the
exception, and rather a rare exception, and that it oceurs
only in one direction at & time—that is, that only one or two
of the numerous possible modes of variation oceur at the same
titne. The experience of breeders and eultivators, however,
proves that variation is the rule instead of the exception, and
that it oceurs, more or less, in almost every direction.  This is
shown by the fact that different species of plants and animals
have required different Sinds of modification to adapt them to
our use, and we¢ have never failed to nect with variation in
that particular divection, so as to enable us to accumulate it and
so to produce ultimately a large amount of change in the
required direction.  Our gardens furnish us with numberless
examples of this property of plants. In the cabbage and
lettuce we have found variation in the size and mode of
growth of the leaf, enabling us to prodnce by selection the
almost innumerable varieties, some with solid heads of foliage
guite unlike any plant in a state of nature, others with
curiously wrinkled leaves like the savoy, others of a deep
purple colour used for pickling. From the very same species
ag the cabbage (Brassica oleraces) have arisen the broecoli
and cauliffower, in which the leaves have undergone listle
alteration, while the branching heuds of flowers grow into a
compact mass forming one of our most delicate vegetables.
The brusscls sprouts ure another form of the same plant, in
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which the whole mode of growth has becn altered, numerous
little heads of leaves being produced on the stem. In othor
varietics the ribs of the leaves are thickened so as to hecome
themselves a culinury vegetable ; while, in the ICohlrabi, the
stem grows into o turniplike mass just above ground. Now
all these extraordinarily distinet plants come from one original
species which still grows wild on our eoasts ; and it must have
varied in all these directions, otherwise variations could not
have Leen accumulated to the extent we now sce them,  The
flowers and seeds of #l these plants have remained nearly
stationary, because no attempt has heen made to aceumudate
the slight variations that no doubt oceur in thens.

If now we turn to anothor set of plants, the turnips,
radishes, carrots, and potatoes, we find that the roots or under-
ground tubers have been wonderfully enlarged and improved,
and also altered in shape and colour, while the stems, leaves,
flowers, and fruits have remained almost unchanged.  In the
various kinds of peas and beans it is the pod or fruit and the
seed that has been subjected to selection, und therefore greatly
modified ; and it is here very important to notice that while
all these plants have undergone cultivation in a great variety
of soils and climates, with different manures and under
different systems, yet the flowers have remained hut little
altered, those of the hroad bean, the scarletrunner, and the
garden-pea, being nearly the same in all the varicties. This
shows us how little change is produced by mere cultivation,
or even by variety of soil and climate, if there is no selection
to preserve and accumulate the small variations that are con-
tinually oceurring,  When, however, a great amount of modifi-
cation hus been effected in one country, change to another
country produces a deeided effect. Thus it has been found
that some of the numerous varieties of maize produced and
cultivated in the United States change considerably, not only
in their size and colour, but even in the shape of the sced when
grown for a few successive years in Germany.! In all our
cultivated fruit trees the fruits vary immensely in shape, size,
colour, flavour, time of ripening, and other gualities, while the
leaves and flowers usually differ so little that they are hardly
distinguishable except to a very close observer.

! Darwin, Animals and Plunts under Domesticution, vol. i, p. 322,
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Puriations of Apples and of Melows,

The most remarkable varieties are afforded by the apple
and the melon, and some acconnt of these will be given as
illustrating the effects of slight variations accumulated Dy
selection,  All our apples are known to have descended from
the common crab of onr hedges (Pyrus malus), and from this
at least o thousand distinet varieties have Deen prodneed.
These differ greatly in the size and form of the fruit, in its
colour, and in the texture of tho skin.  They further differ in
the time of vipening, in their flavour, and in their keeping
properties ; but apple trees also ditfer in muany other ways,
The folinge of the different varicties can often he distinguished
by peeuliarvities of form and colour, and it varies considerably
in the time of its appearance; in some hardly a leaf appears
till the tree is in full bloom, while others produce their leaves
so carly as almost to hide the flowers,  The flowers difler in
size and eolour, and in one ease in structure also, that of the
St. Valery apple having a double calyx with ten divisions, and
fourteen styles with oblique stigmas, hut without stamens or
corotln.  The flowers, therefore, hnve to he fertilised with the
pollen from other varicties in order to produce fruit. The
pips or sceds differ also in shape, size, and colour; some
varieties are liable to eanker wnorve than others, while the
Winter Majetin and one or two others have the strange con-
stitutional peeuliarity of never being attacked by the meuly
bug even when all the other trees in the same orchard wre in-
festad with it.

All the cucumbers and gourds vary Immensely, but the
melon (Cucumis melo) exceeds them all. A French botanist,
M. Naudin, devoted six years to their study. He found that
previous botanists hat deseribed thirty dissinet species, as they
thonght, which were veally only varieties of melons. They
differ chiefly in their fruits, but also very much in foliage and
mode of growth. Some mclons are only as large as small
plums, others weigh as much as sixty-six pounds.  One varicty
has a scarlet fruit.  Another is not more than an inch in
diameter, but sometimes more than a yard in longth, twisting
about in all directions like a serpent. Some melons are
exactly like cucumbers; and an Algerian variety, when ripe,
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cracks and falls to picces, just as occurs in a wild gourd
(U. momordica).!
Puriations of Flowers.

Turning to flowers, we find that in the same genns as our
enrrant and gooseberry, which we have cultivated for their
fruits, there are some ornamental species, as the Ribes sanguinea,
and in these the flowers have heen selected so as to produce deep
red, pink, or white varieties. When any particntar fiower be-
comes fashionable and is grown in large quantities, variations
are always mot with swflicient to produce greut varieties of tint
or marking, as shown by our roses, auriculas, and geraniums.
When varied leaves are required, it is found that a number of
plants vary sufficiently in this directivn also, and we have
zonal geraniums, varicgated ivies, gold and silver marked
hollies, and many others.

Puriations of Dmnestic Animals.

Coming now to our domesticated animals, we find still more
extraordinary cases ; and it appears as if any speeial quality or
modification in an animal can be obtained if we only breed it
in sufficient quantity, watch carefully for the required varia-
tious, and carry on sclection with patience and skill for a
sufficiently long period.  Thus, in sheep we have enormously
inereased the wool, and have obtained the power of rapidly
forming flesh and fat; in cows we have increased the produe-
tion of milk; in horses we have obtained strength, endurance,
or speed, and have greatly modified size, form, aud colour ; in
poultry we have secnred various colours of plumage, increase
of size, and almost perpetual egg-laying.  But it is in dogs and
pigeons that the most marvellous changes have been effeeted,
and these require our speeial attention.

Our various domestic dogs are holieved to have originated
from several distinet wild species, becanse in every part of
the world the native dogs resemble some wild dogs or wolves
of the same country. Thus perhaps several speeies of wolves
and jackals were domesticated in very early times, and from
breeds derived from these, erossed and improved by selection,

1 These facts are taken from Darwin's Domesticated Aninals and Cultivated
Plants, vol. i. pp. 359, 360, 392-401 ; vol. il. pp. 231, 275, 330,
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our existing dogs have descended. But this intermixture of
distinct species will go o very little way in accounting for the
peculiarities of the different breeds of dogs, many of which are
totally unlike any wild animal. Such is the case with grey-
hounds, bloodhounds, bulldogs, Blenheim spaniels, terriers,
pugs, turnspits, pointers, and many others; and these differ
so preatly in size, shape, eolour, and habits, as well as in the
form and proportions of all the diffierent parts of the body,
that it seems impossible that they eould have descended from
any of the known wild dogs, wolves, or allied animals, none
of which differ nearly so much in size, form, and proportions,
We have here a remarkable proof that variation is net con-
fined to superficial characters—to the colour, hair, or external
appendages, when we see how the entire skeletons of such
forms as the greyhound and the bulldog have been gradually
chaunged in opposite directions till they are both completely
uniike that of any known wild aninwml, recent or extinct.
These changes have been the result of some thousands of years
of domestication and selection, different breeds being used and
preserved for differont purposes ; hut some of the hest breods
are known to have been improved and perfected in modern
times.  About the middle of the last century a new and im-
proved kind of foxhound was produced ; the greyhound was
also greatly improved at the end of the last century, while the
true bulldog was brought to perfection about the same period.
The Newioundland dog has been so much changed since it was
first imported that it is now guite unlike any existing native
dog in that island.?
Duomestic Pigeons,

The most romarkable and instructive example of variation
produced by human selection is afforded by the varions races
and breeds of domestic pigeons, not only because the varia-
tions produced are often most extraordinary in amount and
diverse in character, but because in this case there is no
doubt whatever thut all havo been derived from one wild
species, the common rock-pigeon {Columba livia),  As thisisa
very important point it is well to state the evidence on which
the beliof is founded.  The wild rock-pigeon is of a slaty-blue

1 See Darwin's Anonwls and Plants wnder Domesticativn, vol, i, pp. 40-42,
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colour, the tail has a dark bund across the end, the wings
have two black bands, und the outer tail-feathers are edged
with white at the base. No other wild pigeon in the world
has this combination of churacters. Now in cvery one of the
domestic varieties, even the most extreme, all the above
marks, even to the white edging of the onter tailfeathers,
are sometimes fonnd perfectly doveloped.  When birds
belonging to two distinet breeds wre crossed one or maove
times, neither of the parents being blue, or having any of the
above-named marks, the mongrel oftspring are vory apt to
acquire some of these eharacters.  Mr. Darwin gives instances
which he observed himself. 1le crossed some white funtails
with some bluck barbs, and the mongrels were black, brown,
or mottled.  He also erossed a Larh with a spot, which is a
white bird with a red tail und red spot on the foreliead, aml
the mongrel offspring were dusky and mottled. On now
crossing these two sets of memgrels with cach other, he
obtained a Dhird of a beautiful blue colour, with the barred
and white edged tail, and double-hunded wings, so as almost
exactly to resemble a wild rock-pigeon. This hird was
deseended i the second generation from a pure white and
pure black bird, both of which when unmixed breed their
kind remarkably true. These facts, well known to ex-
perienced pigeon-fanciers, together with the habits of the
hirds, which all like to nest in holes, or dovecots, not in trees
like the great majority of wild pigeons, have led to the general
belief in the single origin of all the different kinds.

In order to afford some idea of the great differencos which
exist among domesticated pigeons, it will he well to give a
brief abstract of Mr. Durwin’s account of them. He divides
them into eleven distinet races, most of which have several
sub-races.

Race I Puaders.-—These are especially distinguished by
the enormously enlarged crop, which can be so inflated in
some birds as almost to conceal the beak. They are very long
in the body and legs and stand almost upright, so as to
present a very distinet appearance. Their skeleton has
become modified, the ribs being broader and the vertebre
more numerous than in other pigeons.
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Racr IL. Carrigrs.—These are large, long-necked hirds,
with a long pointed beak, and the eyes surrounded with a
naked carunculated skin or wattle, which is also largely
developed at the base of the heak. 'The opening of the
mouth s unusually wide. There are several sub-ruces, one
being called Dragons,

Rack 1. Runts—These aro very large-hodied, long-heaked
pigeons, with naked skin round the cyes. The wings are
ustally very long, the legs long, and the feet large, and the
skin of the neck 1s often red. There are several sub-races,
and these differ very mueh, forming a series of links between
the wild rock-pigeon and the earrier,

Rack IV. PBarls.—These are remarkable for their very
short and thick leak, so wnlike that of most pigeons that
fancicrs comparc it with that of o bullfineh.  They have also
a naked carunculated skin round the eyes, and the skin over
the nostrils swollen,

Racr V. Fanfuils—Short-hadied and rather small-beaked
pigeons, with an enormonsly developed tail, eonsisting usually
of from fourteen to forty feathers instead of twelve, the
regular number in all other pigeons, wild and tame.  The
tail spreads ont Tike a fan and is usually earried erect, and
the bird hends back its slender neck, so that in highly-bred
varieties the head touches the tuil.  The feet are small, and
they walk stitily.

Rack VI Turbits and Owls.—These are characterised by
the feathers of the middle of neck and breast in front
spreading out irregulurty so as to form a frill,  The Turbits
also have a crest on the head, and both have the beak
exceedingly short.

Racw VII. Tumblers.—— These have o small body and short
beak, lut they are specially distinguished by the singular
habit of tumbling over backwards during flight.  One of the
sub-races, the Indian Lotan or Ground tumbler, if slightly
shaken and pliced on the ground, will immediately begin
tumbling head over heels until taken np and soothed. If not
taken up, some of them will go on tumbling till they die.
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Some English tumblers arc almost equally persistent. A
writer, quoted by Mr, Darwin, says that these hirds generally
begin to tumble almost as soon as they can fly; “at three
months old they tumble well, but still iy strong; at five or
six months they tamble excessively ; amd in the second year
they mostly give up ilying, on account of their tumbling so
much and so elose to the ground. Some fly round with the
tlock, throwing a clean summersanlt every few yavds till they
are obliged to settle from giddiness and exhavstion. These
are called Ailr-tumblges, and they commonly throw from
twenty to thirty summersaults in o minute, each clear and
clean. I have one red cock that I have on two or three
occasions timed by my watch, and counted forty summer-
sanlts in the minute. At first they throw a single summer-
gault, then it is double, till it bhecomwes a continuous roll,
which puts an end to flying, for if they fly a few yards aver
they go, and roll till they reach the ground. Thus I had one
kill herself, and another broke his leg. Many of them turn
over only a few inches from the ground, and will tumble two
or three times in flying across their loft. These are called
House-tumblers from tumbling in the house. The act of
tumbling seems to be onc over which they have no control,
an involuntary movement which they seem to try to prevent.
I have seen o bird sometimes in his struggles fly o yard or
two straight upwards, the impulse forcing him buckwards
while he struggles to go forwurds.” !

The Short-faced timblers are an improved sub-race which
have almost lost the power of tumbling, but are valued for
possessing some other characteristics in an extreme degree.
They are very small, have almost globular heads, and a very
minute beak, so that fanciers say the head of a perfeet bird
should resemble 4 cherry with o barleycorn stuck init.  Some
of these weigh less than seven ounces, whereas the wild rock-
pigeon weighs about fourteen ounces. The feet, too, are
very short and small, and the middle toe has twelve or
thirteen instead of fourteen or fifteen scutetle. They have
often only nine primary wing-feathers instead of ten as in all
other pigeons.

1 Mr. Breat in Jouraal of Horticulture, 1861, p. 76 ; quoted hy Darwin,
Animals and Plants under Domestication, vol, i. p. 151.



v VARIATION UNDER DOMESTICATION 93

Racw VIIL Indian Frill-lack.—In these birds the beak is
very short, and the feathers of the whole body are reversed
or turn backwards.

Rack 1X. Jacobin,—These carious birds have o hood of
feathers almost enclosing the head and meeting in front of
the neck.  The wings and tail are unusually long.

Racr X, Lrumpeter—Distinguished hy a tuft of feathers
curling forwards over the heak, and the feet very much
feathered.  They obtain their name from the peculiar voice
unlike that of any other pigeon.  The coo is rapidly repeated,
and is contimied for several minutes. The feet are covered
with feathers so large as often to appear like little wings.

Racr XI. comprises Laughors, Frill-backs, Nuns, Spofs, and
Swallows.—They are all very like the common rock-pigeon,
but have each some slight peeuliarity. The Laughers have a
peculiar voice, supposed to resemble a laugh.  The Nuns are
white, with the head, tail, and primary wing-feathers hlack or
red. The Spots are white, with the tail and a spot on the
forehead ted.  The Swallows are slender, white in colour,
with the head wnd wings of some darker colour.

Besides these races and sub-races a number of other kinds
have been deseribed, and about one hundred and fifty varietics
can be distingnished. It is interesting to note that almost
overy part of the bird, whose vagiations can be noted and
gelected, has led to variations of a considerable extent, and
many of these have necessitated changes in the plumage and
in the skeleton cuite as great as any that oceur in the
numerous distinet species of large genern. The form of the
skull and beak varics cnormously, so that the skulls of the
Short-faced tumhbler and some of the Carriers differ more
than any wild pigeons, even those classed in distinet genera.
The breadth and number of the ribs vary, as well as the
processes on them; the number of the vertebrm and the
length of the sternum also vary ; and the perforations in the
sternum vary in size and shape. The oil gland varies in
development, and is sometimes absent. The number of the
wing-feathers varies, and those of the tail to an enormous
extent. The proportions of the leg and feet and the number
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of the scutelle also vary. The eggs also vary somewhat in
size and shape; and the amount of dewny clothing on the
young bird, when first hatched, differs very considerably.
Tinally, the attitnde of the body, the manner of walking, the
mode of flight, and the voice, all exhibit modifications of the
most remarkable kind.!

Aecclimatisation.

A very important kind of variation is that constitutional
change termed acelimatisgtion, which enables any organism to
become gradunlly adapted to a different climate from the
parent stock.  As closely allied species often inhabit different
countrics possessing very different climates, we should expeet
to find ecases illustrating this change among our domesticated
animals and cltivated plants. A few examples will therefore
be adduced showing that such econstitutional variation does
oceur.

Among animals the cases are not numerous, hecause no
systematic attempt has been made to scleet varictics for this
gpecial quality. It has, however, been observed that, though
no Ruropean dogs thrive well in India, the Newfoundland dog,
originating from a severe climate, can hardly be kept alive.
A better case, perhaps, is furnished by merino sheep, which,
when imported directly from England, do not thrive, while thoso
which have been bred in the intermediate elimate of the Cape
of Good Hope do much better.  When geese were first intro-
duced into Bogota, they laid few eggs at long intervals, and
few of the young survived. By degrees, however, the fecundity
improved, and in about tweuty years bhecame equal to whab
it is in Kurope. According to Garcilaso, when fowls were
first introduced into Peru they were not fertils, whereas now
they are as much so as in Enrope.

Plants furnish much more important cvidenco.  Our
nurserymen distingnish in their catalognes varieties of fruit-
trees which are more or less hardy, and this is especially the
case in America, where certain virieties only will stand the
severe chimate of Canada. There is one varicty of pear, the
Forelle, which both in England and France withstood frosts

! This account of domestle pigeons is greatly condensed from Mr.
Darwin's work already referred to.
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that kilted the flowers and buds of all ether kinds of pears.
‘Wheat, which is grown over so large a portion of the world, has
hecome adapted to special climates.  Wheat imported from
Indin and sown in good wheat soil in England produced the
most meagre ears; while wheat taken from France to the
West Indian Istands produced either wholly barren spikes or
spikes furnished with two or three miserable seeds, while
West Indian sced hy its side yielded an enormous harvest. The
orange was very tender when first introduced into Italy, and
continued so as long us it was propagated by grafts, but
when trees were raised from seed nmuny of these were found
to he hardier, and the orange is now perfectly acelimatised in
Ttaly.  Sweet-peas (Lathyrus odoratus) imported from England
to the Caleutta Botanic Gardens produced few blossoms and
no seed ; those from France Howerad a little hetter, but still
produced no seced, hut plants rajsed from secd brought from
Darjecling in the Himalayas, but originally derived from
England, flower and seed profusely in Caleutta!

An observation by Mr. Darwin himself is perhaps even
more instrnetive.  He says: “On 24th May 1864 there
was a severe frost in Kens, and two rows of scarlet runners
{Phaseolus multiflorns) in my garden, containing 390 plants of
the same age and equally exposed, were ull blackened and
killed except about o dozen plants.  In an adjoining row of
Fulmer’s dwarf hean (Phaseolns vulgaris) one single plant
escaped. A etill more severe frost ocourred four days after-
wards, and of the dozen plants which had provionsly escaped
only three survived; thesc were not taller or more vigorous
than the other young plants, but they escaped eomplotely,
with not even the tips of their leaves browned. It was im-
possible to behold these three plants, with their blackened,
withered, and dead brethren all around them, and not sce at
a glance that they differed widely in their constitutional power
of resisting frost.”

Tho preceding sketeh of the variation that occurs among
domestic animals and cultivated plants shows how wide it is
in range and how great in amount; and we have good reason
to believe that similar variation extends to all organised beings,
In the class of fishes, for example, we have one kind which has

v Awimals and Plants wnder Domestication, vol. ii, pp. 307-311.
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been long domesticated in the Lust, the gold and silver carps;
and these present great variation, not only of colour but in the
form and structure of the fins and other external organs.  In
like manner, the only domesticated inseets, hive hees and silk-
worm moths, present numbers of remarkable varieties which
have been produced by the selection of chance variations just
as in the case of plants and the higher animals.

Circumstances favourable lo Selection by Man.

It may be supposed,,that the systematic selection which
has been employed for the purpose of improving the races
of animals or plants useful to man is of comparatively recent
origin, though seme of the dilferent races are known to have
been in cxistence in very carly times. Dut Mr. Darwin has
pointed out, that unconscious selection must have begun to
produce an effect as soon as plants were enltivated or animals
domesticated by man. It weuld have heen very soon observed
that animals and plants produced their like, that sced of early
wheat produced early wheat, that the offspring of very swift
dogs were also swift, and as every one would try to have a
good rather than a bad sort this wonld necessarily lead to the
slow but steady improvement of all useful plants and animals
subject to man’s care.  Soon there would arise distinet broeds,
owing to the varying uses to which the animals and plants
were pit.  Dogs would be wanted chiefly to hunt one kind
of game in one part of the country and another kind clse-
where ; for one purpose scent wonld be more important, for
another swiftness, for another strength and cournge, for yet
another watehfulness and intelligence, and this would soon
lead to the formation of very distinet races. In the case of
vegetables and fruits, different varicties would be found to
succeed best in certain solls and climates ; some might be
preferred on account of the quantity of food they produced,
others for their sweetness and tenderness, while others might
be more useful on account of their ripening at a particular
geason, and thus again distinet varieties would be established.
An instance of unconscious selection leading to distinet rosults
in modern times is afforded by two flocks of Leicester sheep
which both originated from the same stock, and were then bred
pure for upwards of fifty ycars by two gentlemen, Mr. Buckley
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and Mr. Bargess. Mr. Youatt, one of the greatest authoritics
on hreeding domestic animals; says: “There iz not a suspicion
cxisting in the mind of any one at all acquainted with the
subjeet that the owner of eithor of them has deviated in any
one instance from the pure blood of Mr. Bakewell’'s original
flock, and yet the difference hetween the sheep possessed by
these two gentlemen is so great that they have the appearance
of heing quite different varietics.”  In this cose there was no
desire to deviate from the original hreed, and the difference
must have arisen from some slight difference of taste or judg-
ment in selecting, cach year, the parents for the next year’s
stoel, combined perhaps with some divect effoct of the slight
differences of elimate and soil on the two farne.

Most of owr domesticated animals and enltivated plants
have come to us from the earliest seats of civilisation in
Westorn Asia or Egypt, and have therefore heen the subjects
of Iuman care and sclection for some thousands of years, the
result heing that, in muny cases, we do not know the wild
stock from which they orviginally sprang.  The horse, the
camel, und the common bhull and cow arc nowhero found in a
wild state, and they have all been domesticated from remote
antiquity. The original of the domestic fowl is still wild in
India and the Maluy Islands, and it was domesticated in India
and China hefore 1400 e It was introduced into Enrope
about 600 k.. Several distinet hreeds were known to the
Romans about the commencement of the Christinn era, and
they have sinee spread all over the avilised world and been
subjected to a vast ameunt of conscions and unconscious
selection, to many varictics of climate and to differences of
food ; the result being scen in the wonderful diversity of breeds
which differ quite as remarkably as do the different races of
pigeons already deseribed.

In the vegetable kingdom, most of the cereals—wheat,
barloy, ete.—are unknown as truly wild plants ; and the same
is the case with many vegetables, for De Candolle states that
out of 157 useful cultivated plants thirty-two are yuite un-
known in a wild state, and that forty more arc of doubtful
origin. 1t is mot improbable that most of these do exist
wild, but they have been so profoundly changed by thousands
of years of cultivation as to be gquite unrcecogmisable. The

I
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peach is unknown in a wild state, nunless it js derived from
the common almond, on which point there is much difterenco
of opinion among botanists and horticulturists,

The hmmense antiquity of most of our cultivated plants
sufliciently explains the apparent absence of such useful
productions in Australia and the Cape of Good Hope, not-
withstanding that they both possess an exceedingly rich and
varied florn.  These countries having heen, until a com-
paratively recent peried, inhabited only by uncivilised men,
neither caltivation nor seclection has been eurried on for a
sufficiently long time. #In North America, however, where
there was evidently a very ancient if low form of civilisation,
as indicated hy the remarkable mounds, earthworks, and
other prehistoric remains, maize was cultivated, though it
was probably derived from Pern; and the ancient civilisation
of that country and of Mexico has given rise to no fewer than
thirty-three uscful cultivated plants,

Conditions fovourable lo the produclion of Variations,

In order that plants and animals may he improved and
modified to any considerable extent, it is of course essential
that suitalle variations should cceur with tolerable frequency.
There seem to be three conditions which are especially favour-
able to the production of variations: (1) That the particular
species or variety should be kept in very large numbers; (2)
that it should be spread over a wido arca and thus subjected
to o considerable diversity of physical conditions; and (3)
that it shonld be cecasionally erossed with some distinet but
closely allied ruce.  The first of these conditions is perhaps
the most important, the chunce of variations of any partic-
ular kind being increased in proportion to the quantity of
the original stock and of its annual offspring. It has heen re-
marked that only those breeders who keep large flocks can
effect much improvement ; and it is for the same reason that
Pigeons and fowls, which can be so easily and rapidly inereased,
and which have been kept in such large numbers by so great
a number of persons, have produced such strange and numer-
ous varieties, In like manner, nurserymen who grow fruit and
flowers in large quantities have a great advantage over privato
amateurs in the production of new varieties,
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Although T believe, for reasons which will be given further
on, that some amount of variability is a constant and
necessary property of all organisms, yet there appears to be
good evidence to show that changed eonditions of life tend to
inerease it, both by a direct action on the organisation and
by indirectly affecting the reproductive system. Hence the
extension of civilisation, by favouring domestication under
altered conditions, fucilitates the process of modification. Yet
this ¢hange does not secem to be an essential condition, for
nowlere hag the production of extreme varieties of plants and
flowers heen carried farther than in Japan, where careful
selection continued for muany generations must have been the
chief factor. The effeet of occasionul crosses often results in
a greab amount of variation, but it ulso leads to instability of
charueter, and is therefore very little employed in the pro-
duction of fixed and wellmarked races.  For this purpose, in
fact, 1t has to bo carefully avoided, as it is only by isolation and
pure breeding that any speeially desired qualities ean be in-
creased by selection. It is for this reason thut among savage
peoples, whose animals run half wild, little improvement takes
place ; and the ditfienlty of isolation also explains why distinet
and pure broeds of cats are so rarely met with, The wide dis-
tribution of useful animals and plants from a very remote
cpoch has, no doubt, been a powerful cause of modification,
because the particular hreed first introduced into each country
has often been kept prre for many years, and has also been
subjected to slight differences of conditions. It will also
usually have been selected for a somewhat different purpose
in cach locality, and thus very distinct races would soon
criginate.

The important physiological effects of crossing breeds or
straing, and the part this plays in the economy of nature, will
be explained in a future chapter,

Coneluding Remarks.

The examples of variation now adduced—and these might
have been almost indefinitely increased—will suffice to show
that there is hardly an organ or a quality in plants or animals
which has not been observed to vary ; and further, that when-
ever any of these variations have been useful to man he has
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been able to inerease them to a marvellous extent by the
simple process of always preserving the hest varicties to Tireed
from. Along with these larger variations others of smaller
amount oceasionally appear, sometines in external, sometimes
in internal characters, the very bones of the skeleton often
changing slightly in form, size, or number; but as these
secondary characters have been of no use to man, and have
not heen specially sclected by him, they have, usuadly, not
been developed to any great amonnt except when they have
been closely dependent on those external characters which he
has largely modified.

As man has considered only utility to himself, or the
satisfaction of his love of heanty, of novelty, or merely of
something strange or amusing, the variations he has thus pro-
duced have something of the character of monstrositics. Not
only are they often of no use to the animals or plants them-
selves, but they are not unfrequently injurious to them. In
the Tumbler pigeons, for instance, the habit of tnubling is
sometimes so excessive as to injure or kill the bivd ; and many
of our highly-bred animals have such delicate constitutions
that they are very liable to disease, while their extreme
peculiaritics of form or structure would often render them
quite unfit to live in a wild state. In plants, many of our
double Howers, and some fruits, have lost the power of pro-
dneing seed, and the raco can thus bo continned only by means
of cuttings or grafts. This pecnliar character of domestic
productions distinguishes them broadly from wild species and
varicties, which, as will he scen by and by, are necessarily
adapted in cvery part of their organisation to the conditions
under which they have to lve. Their importanee for our
present inquiry depends on their demonstrating the occurrence
of incessant slight variations in all purts of an organism, with
the transmission to the offspring of the spucial churacteristies
of the parents; and also, that all such slight variations are
capable of being accumulated by selection till they present
very large and important divergencies from the ancestral
stock.

We thus see, that the evidence as to variation afforded
by animals and plants under domestication strikingly accords
with that which we have proved to exist in a statc of nature.
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And it is not at all surprising that it should be so, since all
the species were in a state of nature when first domesticated
ot eultivated by man, and whatever varintions oceur must be
due to purcly natural eanusex.  Morcover, on comparing the
varintions which oceur in any one generagion of domesticated
animals with those which we know to oceur in wild animals,
we find no evidence of greater individual variation in the
former than in the latter, The results of man’s selection are
more striking to us beeause we have always considered the
varieties of each domestic animal to he essentially identical,
while those which we observe in w wild state are held to be
cssentially diverse.  ‘The greyhound and the spanicl seem
wonderfnl, as varicties of one animal produced hy man’s
gelection ;3 while we think little of the diversities of the fox
and the weolf, or the horse and the zebra, because we have
been aecustomed to look npon them as radieally distinet
animalg, not as the results of nature’s selection of the
varieties of & common uncestor.



CHAPTER V

NATURAL SELECTION BE VARIATION AND SURVIVAL O¥ TIHE
FITTEST

Effect of struggle for existence under unclmauged conditions—The effect
under change of conditions—Divergence of eharacter—In insects—In
birds—In mammalin—Tivergence lewds to @ waximumn of hfe in cach
area—Closely allied speeies inhabit distinet areas—Adaptation to
conditions at varieus periods of Life—The contivued existence of Jow
forms of life--Extinction of low types awong the bhigher animals—
Circumstances favourable to the origin of new species—Probable origin
of the dippers—The importanceof isolation—On the advance of organi-
sation by natural selection-—Summary of the first five chaplors,

In the preceding chapters we have accumulated a hedly of
facts and arguments which will enable s now to deal with tho
very core of our subject-—the forination of species by means
of natury] sclection. We have seen how tremendous is the
struggle for existence always goipg on in nature owing to the
great powers of increase of all organisms ; we have aseertained
the fact of Vd.]‘l.lblllt-y extending to every part and organ, each
of which varies simultuneously and for the most part independ-
ently ; and we have scen that this variability iz both large in
its amount in proportion to the size of each part, and nsually
affects a considerable proportion of the individuals in the large
and dominant spccms\ And, lastly, we have seen how similar
variations, oceurring in cultivated plants and domestic animalg,
are cap.xblo of bemg perpetuated and acoumulated by artificial
sclection, till they have resulted in all the wonderful varieties
of our fruits, flowers, and vegetables, our domestic animals and
household pets, many of which differ from each other far more
in external characters, habits, and instincts than do species in
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a state of nature.  We huve now to inquire whether there is
any analogous process in nature, by which wild animals and
plants can be permancutly modified and new races or new
species produced.

Iffect of Struggle for Bxistence under Unchanged Conditions,

Let us first consider what will be the effect of the struggle
for existence upon the animals and plants which we see around
us, under conditions which do not perceptibly vary from year
to year or from century to century.  We have secn that every
specics is exposed to numerous and varied dangers throughout
its entire existence, and that it is only by means of the exact
adaptation of its organisationy—including its instinets and habits
—to its surronndings that it is enabled to live till it produces
oflspring which may take its place when it ceases to exist,
We have seen aiso that, of the whole anmal increase only a
very small fruetion survives ; amd though the survival in indi-
vidual cases may sometimes be due rather to aceident thun
to any real superiority, yet we cannot doubt that, in the long
run, those survive which ave best fitted by their perfeet orgunisa-
tion to eseape the dangers that surronnd them. This “survival
of the fittest” is what Darwin termed “natural selection,”
because it Ieads to the same results in nature as are produced
by man’s scleetion among domestic animals and eultivated
plants. Its primary effect will, clearly, be to keep each species
in the most perfeet health and vigour, with every part of its
organtsation in full harmony with the conditions of its existence.
It prevents any possible deterioration in the organie world, and
produces that appearance of cxuberant life and enjoyment, of
health and beauty, that affords us so much pleasure, and which
might lead a superficial observer to suppose that peace and
quietude reigned throughout nature,

The Effect under changed Conditions.

But the very same process which, sa long us conditions re-
main substantially the same, scenres the continunance of cach
species of animal or plant in its full perfection, will usually,
under changed conditions, bring about whatever change of
structure or habits may be necessitated by them. The changed
conditions to which we refer are such as we know have oceurred
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throughout all geologicad time and in every part of the world.
Land and water have been continualty shifting their positions ;
gome regions are undergoing subsidence with diminntion of
area, others elevation with extension of arca; dry lund has
been converted into marshes, while marshes have heen deained
or have even been elevated into platesux,  Climate too has
changed again and again, either through the elevation of
mountains in high lxtxtudce leading to thc acennlation of
snow and iee, or by a change in the direction of winds and
oeean currents produced hy the subsidence or elevation of lands
which connectod contients and divided oceans.  Again, along
with all these changes have come not less important changes
in the distribution of specics. Vegetation has been greatly
modified Ty ehanges of elimate and of altitude; while every
union of lands before separated has Ied to extensive migrations
of animals into new ecountries, disturbing the balance that
before existed amonyg its forms of life, leading to the extermina-
tion of some species and the increase of others.

When such physical changes as these have taken place, it 1s
evident that many species must either hecome modified or
cease to exist.  When the vegetation has changed in charaster
the herbivorons animals must hecome able to live on new and
perhaps less nutritious food ; while the change from a damp
to a dry climate may necessitute migration at certain periods
to escape destruction by drought.  This will expose the species
to new dangers, and require special modifications of structure
to meet them.  Greater swiftness, increased cunning, noeturnal
habits, chunge of colour, or the power of climbing trces and
living for a time on their foliage or fruit, may be the means
a.doptc,d by different species to brmé themselves into harmony
with the new conditionsj and by the continued survival of
those individuals, only, which varied aufﬁmently in the right
direction, the necessary modifications of structure or of func-
tion would be brought about, just as surely as man has been
able to breed the greyhound to hunt by sight and the fox-
hound by scent, or hus produced from the same wild plant
such distinet forms as the cauliflower and the brusscls sprouts.

We will now consider the special characteristies of the
changes in species that are hkely to be effected, and how far
they agree with what we observe in nature. /
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Divergence of Character.

In specics which have a wide runge the strnggle for exist-
ence will often cause some individuals or groups of individnals
to adopt new habits in order to seize upon vacant places in
nainre where the stenggle is less severed  Some, living among
extensive marshes, may adopt a more aquatic mode of lifg ;
others, living where forests abound, may beeome more ar lJorc.Ll
In cither case we eannot dodht th.1t the ¢h: anges of structure
needed to adapt them to theiv new habits wonld “soon Tio
brought about, hecatse we kiow that virlations in all the
external OI‘H'UNRHH all their separate parts arc very abnndant
and are .L].\O considerable in amount. N That such divergence of
character has actually ocenrred we have some direct evidence.
Mr. Darwin informs us that in the Catskill Mountains in the
United States there are two varicties of wolves, one with a
light greyhonnd-like form which pursucs deer, the other more
bulky with shorter Tegs, which more frequently attacks sheep.}
Another good example is that of the insects in the island of
Madeira, many of which have either lost their wings or havo
had them so mmeh reduced as to be useless for flight, while the
very samo species on the continent of Europe possess fully
developed wings.  In other eases the wingless Madeira specics
are distinet from, but closely allied to, winged species of lurope.
The explanation of this change is, that Madeira, like many
oceanic jslands in the temperate zone, is much exposed to
sudden gales of wind, and as most of the fertile land is on the
ooast, insoets which flow much would o very liable to be
blown out to sea and lost. Year after year, thercfore, those
individuuls which had shorter wings, or which used them least,
were preserved ; and thus, in time, terrestrial, wingless, or im-
perfectly winged races or species have been produced,. That
this 1s the true oxplanation of this singular fact is proved by
much corroborative evidenee.) There are some fow flower-
freguenting inseets in Madeira to whom wings are essential,
and in these the wings arc somowhat larger than in the same
specics on the mainland.  We thus sce that there is no general
tendenc%the abortion of wings in Madclm,m_m

sinply o eust 6 ol adaptation to new conditions. Those insccts
v Origin of Specles, p. 1.
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to whom wings were not absolutely essential escaped a serious
danger by not nsing them, and the wings therefore heeame
reducul Or were COmplebcly lost, ] But when they were essential
they were enlarged wnd strengthened, so that the insect could
battle against the winds and save itself from destruction at
sea, % Many flying insects, not varying fust enough, would be
destroyed before shey could establish themselves, and thus we
may explain the total ubsence from Madeira of several whole
families of winged insects which must have had many oppor-
tunities of reaching thefislands.  Such are the large groups of
the tiger-beetles (Cicindelidee), the chafers (Melolonghida), the
click-beetles {Elateridic), and many others.

But the most curious and striking confirmation of this
portion of Mr. Darwin’s theory is afforded by the ease of
Kerguelen Island.  This island was visited by the Transit of
Venus expedition. It is one of the stormiest places on the
globe, being qub]ect to almost perpetnal gales, while, there
being no wood, it iz almost entirely without shelter.  The.
Rev. A, K. Eaton, an experienced entomologist, was naturalist
to the expedition, and he assiduously co]lecte(l the few insccts
that were to be found,  All were incapuble of flight, and most
of them entircly without wings. They mclug(ﬁ a moth,
several flies, and numerous heetles. As these insec's could
hardly have reached the islands in a wingless state, even if
thera were any other known land inbabited by them——syhich
there iIs not—we must assume that, like the Madeiran insects,
they were originally winged, and lost their power of flight
because its possession was injurious-to them. v

Tt is no doubf dlue to the same cause that some buttertlies
on small and exposed islands have their wings reduced in size,
as ig strikingly the case with the small tortoise-shell butterfly
{Vanessa urtice) inhabiting the Isle of Man, which is only
about half the size of the same species in England or Trelayd ;
and Mr. Wollaston notes that Vanessa callirhoe—a closely allied
South European form of our red-admiral butterfly—is perma-
nently smaller in the small and bare island of Porto Santo
than in the larger and more wooded adjacent island of Madeira.

A very good example of comparatively recent divergence
of character, in accordance with new conditions of life, is
afforded by our red grouse. This bird, the Lagopus scoticns of
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naturalists, is entirely confired to the Dritish Isles. It s,
however, very eloscly allied to the willow grouge (Lagopus
albng), & bird which ranges all over Fawope, Northern Asia,
and North America, but which, unlike our specics, changes to
white in winter.  No difference in form or structure can he
detected hetween the two birds, bt as they differ so decidedly
in colonr—our species being usually rather darker in winter
than in summer, while there are also slight differences n the
call-note and in habits,—the two species aure generally con-
sidered to be distineti The differences, however, are so
clearly adaptations to changed conditions that we can hardly
doubt that, during the carly part of the glaciad peried, when
onr islands were united to the continent, owr grouse was
identical with that of the rest of Europe.  But when the cold
passed away and owr islands became permanently separated
from the nuunland, with o mild and equable climate and very
little snow in winter, the change to white at that season
heeame hurtful, rendering the hirds more conspicuous nstead
of serving as o means of concenlment.  The eolour was, therce-
fore, gradually changed by the proeess of variation and natural
selection ; and as tlu, birds obtained ampie shelter among the
heather which clothes so many of our moorlands, it became
useful for them to assimilate with its brown and dusky stems
and withered flowers rather than with the snow of the higher
mountains.  An interesting confirmation of this change havi ing
really ocourred is .11?01dul by the occasional ocenrrence in
Scotland of birds with a considerable amount of white in the
winter plumage. This is considered to be a case of reversion
to the ancestral type, just as the slaty colours and banded
wings of the wild roek-pigeon sometimes reappear in our fancy
broeds of domestic pigeons.!

The principle of “divergence of character ¥ pervades all
nature from the lowest groups to the highest, as may be
_well seen in the class of birds. Among our native species we
sce it well marked in the different species of titmice, pipits,
and chats, The great titmouse (Parus major) by its larger
sizo and stronger bill is adapted to feed on larger insects, and
is even sid sometimes to kill small and wcak birds. ‘The
smaller and weaker coal titmouse (Parus ater) has adopted a

1 Yarrel¥'s British Birds, fourth edition, vol, iii, p. 77.
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more vegetarian diet, eating seeds as well as insects, and
feeding on the ground as well as among trees.  The delicate
little blue titmouse (Puarus coeruleus), with its very small Lill,
feeds on the minutest inscets and grubs which it extracts
from crevices of burk and from the bads of fruit-trees, The
marsh titmouse, again (Parus palustris), has received its nume
from the low and marshy localitics it frequents; while the
crested titmonse (Parus cristatus) is a northern bird froquenting
especially pine forests, on the sceds of which trees it partially
feeds.  Then, again, ourghree conunon pipits—rthe tree-pipit
{Anthus arboreus), the meadow-pipit (Anthus pratensis),and the
rock-pipit or sea-tark (Anthus obseurus) have cach ocenpied a
distinet place in nature to which they have become specinlly
adapted, as indieated by the differen$ form and size of tho
hind toe and claw in cach species.  So, the stone-chat (Suxicols
rubicola), the whin-chat (8. rubetra), and tho whent-car {5,
emanthe) are more or less divergent forms of one type, with
modifications in the shape of the wing, feet, and hill adapting
them to slightly different modes of life. The whin-chut is the
smallest, and frequents furzy commons, ficlds, and lowlinds,
feeding on worms, insects, small molluses, and berries; the
stone-chat is next in size, and is cspecially active and lively,
frequenting heaths and uplands, and is & permanent resident
with us, the two other species being migrants; while the
larger and more conspicnous wheat-car, besides feeding on
grubs, beetles, ete., is able to capture fying insccts on the
wing, something after the manner of true fiycatchers.

These cxamples sufficiently indicate how divergence of
character has acted, and has Ied to the adaptation of numerous
allied species, each to a more or less special moda of life, with
the variety of food, of habits, and of enemies which must
necessarily accompany such diversity. And when we extend
our inquiries to higher groups we find the same indications of
divergence and special adaptation, often to a still more marked
extent. Thus we have the larger falcons, which prey upen
birds, while some of the smaller species, like the hobby
(Faléo subbuteo), live largely on insects. The trne falcons
capture their prey in the air, while the hawks usually seize it
on or mear the ground, feeding on haros, rabbits, squirrels,
gronse, pigeons, and poultry. Kites and bhuzzards; on the
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other hand, seizo their prey upon the pround, and the former
feed largely on reptiles and offal as well as on birds und
quadrupeds.  Others have adopted fish as their chief food,
and the osprey snutehies its prey from the water with us much
fucility as a gnll or a petrel; while the South American
caraearas (Polyborns) have adopted the habits of valtures and
live altogether on carrion.  In every great group there is the
same divergence of habits. There are ground-pigeons, rock-
pigeons, and wood-pigeons,—seed-cating pigeons and fruit-
cuting pigeons; there are carrion-cating, insect-eating, and
frnit-cating crows.  Fven kingfishers are, seme aquatic, some
terrestrial in their habits; some live on fish, some on inscets,
some on reptiles.  Lastly, among the primary divisions of hirds
we find a purely terrestrial group—the Ratitwe, including the
ostriches, cassowaries, cte. ; other great groaps, including the
ducks, cormorants, gulls, penguins, ete., ave aquatic ; while the
bulk of the Passerine birds are acrial and arboreal. The
samo general facts can be detected in all other classes of
animals.  [n the mammalia, for example, we have in the common
rat o fish-cater and flesh-cater as well as a grain-cater, which
has no doubt helped to pive it the power of spreading over
the world and driving away the native rats of other countries.
Throughout the Rodent tribo we find cverywhere aquatie,
terrestrinl, and arboreal forms.  In the weasel and cat tribes
some live more in trees, others on the ground ; squirrels have
diverged into terrestrial, arboreal, and flying species; and
finally, in the bats we have a truly aerial, and in the whales
o truly aquatie order of mammals.  We thus sce that,
beginning with different varieties of the same species, wo
have allied species, genera, families, and orders, with similarly
divergent halits, and adaptations to different modes of life,
indicating some genetal principle in nature which has been
operative in the development of the organic world. But in
order to be thus operative 1t must be a generally useful
principle, and Mr. Darwin has very clearty shown us in what
this utility consists.

Divergence leads to « Mazimum of Organic Forms in each Area,

Divergence of character has a double purpose and use. In
the first place it enables a species which is being overcome
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by rivals, or is in process of extinetion by enemies, to save
itself by adopting new habits or by oceupying vacant places
in nature. This is the immediate and obvious effect of all
the mumnerous examples of divergence of character!which we
have pointed ont,  But there is another and Tess ohvious
result, which is, thatithe greater the diversity in the organisms
inhabiting a country or district the greater will be the total
amount of life that ean be supported there_> Hence the
continued action of the struggle for oxistence will tend to
bring about more and more diversity in each area, which may
be shown to be the casgby several kinds of evidence> As an
cxample, a piece of turf, three feet by four in size, was found
by Mr. Darwin to eontain twenty species of plants, and these
twenty species belonged to cighteen genera and to eight
orders, showing how greatly they differed from cach other.
Farmers find that o greater quantity of hay is obtained from
ground sown with a variety of genera of grasses, clover,
etc., than from similar land sown with one or two species
only ; and the same principle applics to rotution of crops,
plants differing very widely from each other giving the
best results. 8o, in small and uniform islands, and in
small ponds of fresh water, tho plants and inscets, though
fow in number, are found to be wonderfully varied in
charactor.

The same principle is secn in the naturalisation of plants
and animaly by man’s agency in distant lands, for the species
that thrive best and establish themselves permanently are
not only very varied among themselves but differ greatly from
the native inhabitants. Thus, in the Northern United States
there are, according to Dr. Asa Gray, 260 naturalised flower-
ing plants which belong to noless than 162 genera; and of
these, 100 gencra are not natives of the United States. So, in
Australin, the rabbit, though totally unlike any native animal,
has increased so much that it probably outnumbers in in-
dividuals all the native mammals of the eountry; and in
New Zealand the rabbit and the pig have equally multiplied.
Darwin remarks that this ‘“advantage of diversification of
structure in the inhahitants of the same region is, in fact, the
game as that of the physiological division of labour in the
organs of the same¢ body. No physiologist doubts that a
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stomach adapted to digest vegetable matter alone, or tlesh
alone, draws more nutriment from these substances. 8o, in
the general economy of any land, the more widely and
perfectly the animals and plants are diversified for different
habits of life, so will o greater number of individuals be
capable of there supporting themselves.” !

The mast eloscly allied Species inhalbif distinel Areas,

Onc of the curious results of the general action of this
principle in nature is, that the most closely allied speeies—
those whoso differences though often real and important are
hardly pereeptible to any one hut o naturalist—are usually
not found in the same but in widely separated countries)
Thus, the nearest allies to our Kuropean golden plover are
found in North Ameriea and kFast Asia; the nearest aily
of our European jay is found in Japan, although there are
several other specics of juys in Western Asia and North
Afriea; and though wo huve several species of titmiee in
¥ngland they arc not very closely allied to each other.
The form most akin te our blue tit is the azwre tit of
Central Asia (Parus azureus); the Parus ledonci of Algeria
is very near our coal tit, and the Parns Ingubris of South-
Eastern Burope and Asin Minor is nearest to our marsh tit.
So, our four species of wild pigeons—the ring-dove, stock-
dove, rock-pigeon, and turtle-dove—are not closely allied to
cach other, but each of them Dbelongs, according to some
ornithologists, to a separate genus or subgenus, and has its
nearest relatives in distant parts of Asian and Africa. In
mammalia the same thing oceurs. Each mountain region of
Europe and Asia has wsnally its own species of wild sheep
and goat, and sometimes of antelope and deer; so that in
cach region there is found the greatest diversity in this
class of animals, while the closest allies inhabit quite distinet
and often distant areas. In plants we find the same
phenomenon prevalent. IDistinet species of columbine are
found in Central Furope (Aguilegia vulgaris), in Eastern
Lurope, and Siberia (A. glandulosa), in the Alps (A. Alpina),
in the Pyrences {A. pyrenaiea), in the Greek mountains (A.
ottonis), and in Corsica (A, Bernardi), but rarely are two

L Qrigin of Specics, p. 89,
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species found in the same area. So, cach part of the
world hagz its own peculiar forms of pines, firs, and cedars,
but the closely ullied species or varieties are in almost
every cuse inhabitants of distinet arcas.  Hxamples are the
deodar of the Himalayas, the cedar of Lebanon, and that of
North Africa, all very closely allicd It confined to distinet
areas ; and the numerons closely allied species of true pine
{genus Pinus), which almost always inhabiy different conntries
or oceupy different stations.  We will now consider some
other modes in whigh natural selection will act, to adapt
organisms to changed conditions.

Aduptation to Conditions at Furious Periods of Life.

It is found, that, in domestic animals and cultivated plants,
variations occurring at any one period of life reappear in tho
offipring at the same period, and can be perpetusted and
inereased by selection withont modifying other paris of the
organisation.  Thus, variutions in the eaterpillar or the coecon
of the silkworm, in the eggs of poultry, and in tho sceds
or young shoots of many culinary vegetables, have been
accumulated till those purts have hecome greatly modified and,
for man's purposcs, improved,  Owing to this fact it is easy
for organisms to become so modified as to avoid dangers that
oceur at any one period of life. Thus it is that so many
seeds have hecome adapted to various modes of dissemination
or protection. Some are winged, or have down or hairs
attached to them, so as to cnable them to be earried long
distances in the air; others have curious hooks und prickles,
which canse them to be attached firmly to the fur of mammals
or the feathers of birds ; while others are buried within sweet
or juicy and brightly coloured fruits, which are secen and
devoured by birds, the hard smooth sceds passing through
their bodies in a fit state for germination. In the struggle
for existence it mnst benefit a plant to have increased means
of dispersing its seeds, and of thus having young plants pro-
duced in a greater variety of soils, aspects, and surrcundings,
with a greater chance of some of them escaping their numerous
enemies and arriving at maturity. The various differences
referred to would, therefore, be brought about by variation and
survival of the fittest, just as surely as the length and quality
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of cotton on the seed of the cotton-plant have been inerensed
by man’s sclection.

The larve of insects lave thus heen wonderfully modified
m order to cscape the numerous enemics to whose attacks
they nre exposed at this period of their existence. Their
colonrs and markings have hecome marvellonsly adapted to
conceal them among the foliage of the plant they live upon,
and this eolour often changes completely after the last moult,
when the ereature has to descend to the ground for its change
to the pupa state, during which period a brown instend of a
green colour is protective.  Others have acqnired curious
attitndes and large ocelli, which cause them to _ e, ¢ the
head of some reptile, or they have curious horrs or coloured
cjectile processes which frighten away enemies ; while o great
number have acquired secretions which render them offensive
to the tasto of their enemies, and these are always adorned
with very conspicuons markings or brilliant colours, which
serve as & sign of inedibility and prevent their being needlessly
attacked, This, however, is o portion of the very large sub-
jeet of organie colowr and marking, which will be fully dis-
cussed and iltustrated in a separate chapter.

In this way every possible modification of an animal or
plant, whether in colour, form, struetnre, or habits, which
wonld be serviceable to it or to its progeny at any period of
its existence, may be readily brought about. There are somo
curious organs which are used only once in a ereature’s life,
but which are yet cssentinl to its existence, and thus have
very much the appearance of design by an intelligent designer.
Such are, the great jaws possessed by some inseets, used ex-
clusively for opening the cocoon, and the hard tip to the beak
of unhatched birds used for hreaking the eggshell The
incrense in thickness or hardness of the cocoons or the eggs
being useful for protection against enemies or to avoid
accidents, it is probable that the change has heen very
gradual, Docause it would be constantly checked by the
necessity for a corresponding change in the young ivscets or
birds cnabling them to overcome the additional obstacle of a
tougher cocoon or a harder eggshell,  As we have seen,
however, that every part of the organism appears to be
varying independently, at the same time, though to different

I
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amounts, there sevns no reason to helieve that the necessity
for two or more coincident variatious would prevent the
required chunge from taking place.

The Continued Existence of Low Forms of Life.

Since  species are continually undergoing modifications
giving them some superiority over other species or enubling
them to occupy fresh places in nature, it may be asked—Why
do any Jow forms continue to exist?  Why have they not long
singe been improved afid developed into higher forms?  Theo
answer, probably, is, that these low forms oceupy places in
nature which cannot be filled by bigher forms, and that they
have few or no competitors; they therefore eontinue to
exist.  Thus, carthworms are adapted to their mode of life
better than they would be if more highly organised.  So, in
the ocean, the minute foraminifera and infusoria, and the
larger sponges and corals, occupy places which more highly
developed creatures could not fill.  They form, as it were, the
hase of the great structure of animal life, on which the next
higher forms rest; and though in the course of ages they
may undergo some changes, and diversification of form
and structire, in aceordance with changed conditions, their
ossentiul nature has probably remained the sume from the
very dawn of life on the carth,  The low aquatic diatomacer
and confervee, together with the lowest fungi and lichens,
ocenpy o similar position in the vegetable kingdom, filling
places in nature which would be left vacant i only highly
organised plants existed.  There is, therefore, no motive
power to destroy or serionsly to modify them ; and they have
thus probably persisted, under slightly varying forms, through
all geological time,

Evtinction of Lower Types among the Ligher Animals,

Bo soon, however, as we appreach the higher and more
fully developed groups, we see indications of the often re-
peated extinetion of lower by higher forms. This is shown
by the great gaps that separate the mammalis, birds, reptiles,
and fishes from each other; while the lowest forms of each are
always few in number and confined to limited areas. Such
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arc the lowest mammals—the echidna and ornithorhynechus of
Australing the lowest birds——the apteryx of New Zealand
and fhe cassowaries of the New Guinea region; while the
lowest fish—the amphioxus or lancelet, is completely isolated,
and has apparently survived only by its hubit of bwrrow-
ing in the sand.  The great distinetness of the carnivora,
ruminants, rodents, whales, bats, and other orders of
mammalin; of the aeeipitres, pigeons, and parrots, among
birds ; and of the beetles, hees, fies, and moths, among insects,
all indieate an enormous mmnount of extinetion ameng the
comparatively low forms by which, on any theory of ¢volution,
those higher and more specialised groups must have been
precedod.

Cirenwmstances fuvouralle to the Origin of New Species by
Nalural Sclection.

We have alrendy scen that, when there is no change in
the physical or organic eonditions of a country, the effect of
natural selection is to keep all the species inhabiting it in a
state of perfect health and indl development, and to preserve
the Dalance that already exists between the different groups
of organisms.  But, whenever the physical or organic eondi-
tions change, to however small an extent, some correspond-
ing change will be produced in the fora and fauna, since,
considering the scvere struggle for existence and the eomplex
relutions of the various organisms, it is hardly poessible that
the change should not De beneficial to some species and
hurtful to others. The most common cffect, therefore, will
be that some species will increase and others will diminish ;
and in cases where a species was already small in numbers a
further diminution might lead to extinction. This would
afford room for the increase of other species, und thus a
considerahle readjustment of the proportions of the several
species might tale place.  When, howover, the change was of
i more important character, directly affecting the existence of
many species so as to render it difficult for them to maintain
themselves without some considerable change in structure or
habits, that change would, in some cases, be brought about by
variation and natural sclection, and thus new varieties or new
specios might be formed. We have to consider, then, which
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arc the species that would bo most likely to e so modified,
while others, not becoming modified, would suecumb to the
changed eonditions and become extinct.

The most important condition of all is, undeubtedly, that
variations should oceur of sufficient amount, of a sufficiently
diverse character, and in a large number of individuals, so as
to afford ample materials for natural selection to aet upon;
and this, we have seen, does occur in most, if not in all, large,
wide-ranging, and dominant species. From some of these,
therefore, the new spegics adapted to the changed conditions
would usually be derived ; and this would espeeially be the
ease when the change of conditions was rather rapid, and when
a correspondingly rapid modifieation could alone save some
species from extinction.  DBut when the change was very
gradual, then cven less abundant and less widely distributed
species might become modified into new forms, more especially
if the extinction of muny of the rarer spectes left vacant
places in the economy of nature,

Drobable Origin of the Dippers,

An excellent example of how a limited group of species
has been able to maintain itself by adaptation to one of
these “vacant places” in mnature, is afforded by the curious
little hirds ealled dippers or water-ouzels, forming the genns
Cinclus and the family Cinelide of naturalists. These birds
are something like small throshes, with very short wings and
tail, and very dense plamage.  They freguent, exchusively,
mountain torrents in the northern hemisphere, and obtain
their food entirely in the water, consisting, as it does, of water-
beetles, caddis-worms and other insect-larvee, as well as
numerons small fresh-water shells,  These birds, although not
far removed in structure from thrushes and wrens, have the
extraordinury power of flying under water; for such, ac-
cording to the best observers, is their process of diving in
gearch of their prey, their dense and somewhat fibrous
plumage retaining so much air that the water is prevented
from touching their bodies or even from wetting their feathers
to any great extent. Their powerful feet and long curved
claws cnable them to hold on to stones at the bottom, and
thus to retain their position while picking up insects, shells,
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cte.  As they frequent chicfly the most rapid and boisterous
torrents, among rocks, waterfalls, and huge boulders, the
water is never frozen over, and they are thng able to live
during the severest winters. Only a very few species of
dipper are known, all those of the old world being so closely
allied to our Dritish bird that some ornithologists consider
them to be merely local races of one species; while in North
Americe and  the northern Andes there wre two  other
speeics.

Ifere then we have a hird, which, in its whole structure,
shows a close aflinity to the smaller typical perching birds,
but which hus departed from all its allies in its habits and
mode of life, and has seenred for itself o place in nature
where it has few competitors and few cnemies.  We may
well suppose, that, at some remote period, a bird which was
perhaps the common and more generalised ancestor of most
of our thrushes, warblers, wrens, ete., had spread widely over
the great northern continent, and had given rise to numerous
varieties adapted to special cenditions of life.  Among these
some took to feeding on the borders of clear streams, picking
out such larvie and molluses as they eonld reach in shallow
water.  When food became, searce they would attempt to
pick them out of deeper and deeper water, and while doing
this in cold weather many woulld become frozen and starved.
But any which possessed denser and more hairy plumage
than usual, which was able to keep ocut the water, would
survive ; and thus a race would be formed which would depend
more and more on this kind of food.  Then, following up the
frozen streams into the mountains, they would be able to live
there during the winter; and as such places afforded them much
protection from enemies and smple shelter for their nests and
young, further adaptations would oecur, till the wonderful
power of diving and flying under water was acquired by a
true land-bird.

That such Labits mitht be acquired under stress of need
is rendered highly m?\& ible by the facts stated by the well-
known American nav.chlist, Dr. Abhott.  He says that “the
water-thrushes (Sciwrus sp.) all wade in water, and often,
sceing minute mollusca on the bottom of the stream, plunge
both head and neck beneath the surfuce, so that often, for
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several seconds, a large part of the body is submerged. Now
these hirds still have the plumage pervious to wuater, and so
arc liable to be drenched and sodden; but they have also the
faculty of giving these drenched feathers such o good shaking
that flight is practicable a moment after leaving the water.
Certainly the water-thrushes (Seiurus ludovieianus, S, aurica-
pillug, and 8. noveboracensis) have taken many preliminary
steps to becoming as aquatic as the dipper; and the winter-
wren, and even the Marylund yellow-throat are not far
hehind.”

Another curious exfmple of the way in which species have
been modified to occupy new places in nature, is afforded by
the various animals which inbabit the water-vessels formed
by the leaves of many cpiphytal species of Bromelin,  Fritz
Muller has described u caddis-fly larva which lives amony these
leaves, and which has Dbeen meodified in the pups state in
accordance with its surroundings. The pupm of cuddis-flics
inhabiting streams have fringes of hair on the tarsi to enable
them to reach the surface on leaving their cases. Dt in the
species inhabiting bromelia leaves there is noneed for swimming,
and accordingly we find the tarsi entirely bure.  In the sume
plants are found eurious little Entomostraca, very abundant
there but found nowhere else.  These form a new genus, but
are most nearly allied to Cythere, a marine type. It is believed
that the transmission of this species from one tree to another
must be effected by the young crustucea, which are very
minute, clinging to beetles, many of which, both terrestrial and
aquatic, also inhabit the bromelia leaves ; and as some water-
beetles are known to frequent the sea, it is perhaps by these
means that the first emigrants established themselves in this
strange new abode. Bromeliw are often very abundant on trees
growing on tho water’s edge, and this would facilitate the tran.
sition from a marine to an arborcal habitat. Fritz Miller hus
also found, among the bromelia leaves, a small frog bearing
its egus on its back, and having some other peculiaritics of
structure.  Several beautiful little aquejie plants of the genus
Utricularia or bladder-wort also inhabit bromelia leaves ; and
these send runners out to neighbourir.g plants and thus spread
themselves with great rapidity.

1 Nature, vol, ~ x. p. 30.
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The Dinportance of Tsolation,

Isolation is no donbt an important aid to natural sclection,
as shown by the fact that islunds so often present a number
of peculinr species; and the same thing is seen on the two
sides of a great mountain range or on opposite coasts of o
continent, The impertance of isolation is twofold. In the
first place, it leads to a body of individuals of cach spocies being
limited in their range and thus subjected to uniform cond:-
tions for long spaces of timte.  Both the divect action of the
environment and the natural selection of such varieties only
as are suited to the conditions, will, therefore, be able to
produce their full effect.  Tn the second place, the process of
change will not be interfered with by intercrossing with other
individuals which are becoming adapted to somewhat ditferent
conditions in an adjacent arca.  DBut this question of the
swamping etfects of intercrossing will be considered in another
chapter.

Mr. Darwin was of opinion that, on the whole, the largeness
of the area ocenpied by a species was of more importance than
isolation, as a factor in the production of new speeies, and in
this I quite agree with him, It must, too, he remembered,
that isolation will eften be produced in a continuons arcs
whenever a species becomes moditied in aceovdance with varied
conditions or diverging habits.  For example, n wideranging
species may in the northern and colder part of its aren become
modified in one direction, and in the southern part in another
direction ; and though for o long time an intermediate form
may continue to eoxist in the intervening area, this will he
likely soon to die out, hoth hecause its numbers will be small,
and it will be more or less pressed upon in varying seasons by
tho maodified varicties, each bettor ablo to endure extremes of
climate. So, when one portion of a terrestrial species takes to
a more arboreal or to o more aquatic modo of life, the change
of hahit itself leads to the isolation of cach portion. Again,
ag will be more fully cxplained in a future chapter, any
difference of habits or of haunts usually leads to some modi-
fication of colour or marking, as a means of concealment from
encmies ; and there is reason to believe that this differenee will
be intensified by natural selection as a means of identification
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and recognition by members of the same vaviety or incipient
species. It has also been observed thut each ditferently
coloured variety of wild animals, or of domesticated animals
which have run wild, keep together, and refuse to puir with
individuals of the other colowws ; and this must of itself act to
keep the races separate as completely as physical isolation,

On the Advance of Orgundsation by Natural Selection.

As natural selection acts solely hy tho preservation of use-
ful variations, or those yhich are bencfieial to the organism
under the conditions to which it is exposed, the resnlt must
necessarily be that cach species or group tends to become more
and more improved in relation to its conditions. Hence wo
should expect that the larger groups in cach cluss of animals
and plants—those which have persisted and have been abundant
throughout geological ages—would, almost necessarily, have
arrived at a high degree of organisation, both physical and
mental.  IHustrations of this are to be seen cverywhere,
Among mammalia we have the carnivora, which from Eocene
times have been becoming more and more specialised, il they
have culminated in the cat und dog tribes, which have reached
a degree of perfection both in structure und intelligenee fully
equal to thut of any other animals.  In another line of
development, the herbivora have heen specialised for living
solely on vegetable food till they have culminated in the sheep,
the cattle, the deer, and the antclopes. The horse tribe,
commencing with an curly four-toed ancestor in the Kocene
age, has increased in size and in perfect adaptation of fect and
teeth to a life on open plaing, and has reached its highest per-
fection in the horse, the ass, and the zebra. In birds, also, we
sco un advance from the imperfect tooth-billed and reptile-
tailed birds of the secondary epoch, to the wonderfully
developed falcons, crows, and swallows of our time. So, the
ferns, lycopods, conifers, and monocotyledons of the paleozoic
and mesozoic rocks, huve developed into the marvellous wealth
of forms of the higher dicotyledons that now udorn the earth,

But this remarkable advanee in the higher and larger groups
does not imply any universal law of progress in organisation,
because we have at the same time numerous cxamples (as hus
been already pointed cut) of the persistence of lowly orgunised
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forms, and also of absolute degradation or degeneration.  Ser-
pents, for example, have heen developed from some lizard-like
type which has lost its limbs ; and though this loss has enabled
them to occupy fresh places in nature and to increase and
flourish to a marvellons extent, vet it must be considered to e
a retrogression rather than an advanee in organisation.  The
game remark will apply to the whale tribe among mwmmals ;
to the blind wmphibia and insects of the great eaverns; and
among plants to the numerous cases in which flowers, once
specially adapted to he fertilised by inseets, have lost their
gay corollus und their special adaptations, and have become
degeaded into wind-fertilised forms.  Buch are our plantains,
our meadow burnet, and even, as some botanists maintain, our
rushes, sedges, and grasses.  The canses which have led to
this degeneration will be disenssed in a future chapter ; but
the facts are undisputed, and they show us that although
variation and the struggle for existenee may lead, on the
whole, to a continued advance of organisation; yet they also
le:dd in many cuses to o retrogression, when such retrogression
may aid in the preservation of any form under new conditions.
They also lead to the persistence, with slight modifications, of
nunicrous lowly otganised forms which are suited to places
which higher forms could not fully occupy, or to conditions
under which they could not exist. Such are the ocean
depths, the soil of the carth, the mud of rivers, deep caverns,
subterrancan watcers, cbe. ; and it i3 in such places as these, as
well as in some oceunic islands which competing higher forms
have not been able to reach, that we find many curious relics
of an carlier world, which, in the free air and sunlight and in
the great continents, have long since been driven out or exter-
minated by higher types.

Summary of the first Five Chaplers.

We have now passed in review, in more or less detail, the
main facts on which the theory of *the origin of species by
means of patnral sclection ” is founded. In future chapters
we shall have to deal mainly with the application of the theory
to explain the varied und complex phenomena presented by the
organic world ; and, also, to discuss somo of the theories put
forth by modern writers, either as being more fundwmental than
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that of Darwin or as supplementary to it.  Before doing this,
however, it will he well briefly to summarise the facts and
arguments already set forth, becaunse it is only by a clear
comprehension of these that the full importance of the theory
can e appreciated and its further applications understood.

The theory itself iz exceedingly simple, and the facts on
which it rests—thongh exeessively numerous individually, and
enextensive with the entire organie world—yet come under a
few simple and easily understood clusses.  These facts are,—
first, the enormous powers of increase in geometrieal progres-
sion possessed by all oanisms, and the inevitalble struggle for
existence among them; and, in the second place, the ocowrrence
of much individual variation combined with the hereditary
transmission of such variations. T'rom these two great elasses
of faets, which ave universal and indisputable, there necessarily
ariges, ag Darwin termed it, the ¢ preservation of favourcd races
in the struggle for life,” the continnous action of which, under
the ever-changing conditions hoth of the inorganic and organic
universe, necessarily leads to the formation or development of
new species.

But, although this general statement is complete and indis-
putable, yet to see its applications under all the eomplex
conditions that actually oceur in nature, it is necessary always
to hear in mind the tremendous power and universality of the
agencies at work.  We must never for an instant losc sight
of tho fuct of the enormously rapid increase of all organisms,
which has heen illustrated by actual cases, given in our sccond
chapter, no less than by caleulations of the results of un-
checked increase for a few years. Then, never forgetting
that the animal and plant population of any country is, on
the whole, stationary, we must be always trying to realise the
ever-recurring destruction of the enormous annual increase,
and asking ourselves what determines, in euch individual case,
the death of the many, the survival of the foew. We must
think over all the causes of destruction to each organism,—to
the seed, the young shoot, the growing plant, the full-grown
tree, or shrub, or herb, and again the fruit and secd ; and among
animals, to the ogg or new-born young, to the youthful, and
to the adults. Then, we must always bear in mind that what
goes on in the case of the individual or family group we may
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observe or think of, goes on ulso among the millions and
geores of millions of individuals which are eomprised in almost
every species; and mmnst get rid of the idea that chuwes
determines which shall live and which die.  For, although in
many individnal eases death may bhe due to chance rather
that to any inferiority in those which die first, yet we cannot
possibly believe that this can be the case on the large scale
on which nature works. A plant, for instance, cannot be in-
creased unless there are suitable vacant places its seeds can
grow in, ot stations where it ean overcome other less vigorous
and healthy plants.  The seeds of all plants, by their varied
modes of dispersal, may be said to be seceking out such places
in which to grow ; and we cannot doubt that, in the long run,
those individuals whose seeds are the most numerons, have the
preatest powers of dispersal, and the greatest vigour of growth,
will leave more descendunts than the individuals of the same
species which are infovior in all these respects, although now
and then some seed of an inferior individual may chance to be
carricd 1o a spot where it ean grow snd survive. Tho same
rule will apply to every period of life and to every danger to
which plants or animals are exposed.  Tho best organised, or
the most healthy, or the most active, or the best protected, or
the most intelligent, will inevitably, in the long run, gain an
advantage over those which ure inferior in these qualities;
that 1s, the fittest wnll survive, the fittest being, in each particular
case, those whieh are superior in the special qualities on
which safety depends. At one period of life, or to escape ono
kind of danger, concealment may be necessary; at another
time, to escape another danger, swiftness; at another, intel-
ligence or cunning ; at another, the power to endure rain or
cold or hunger ; and those which possess all these faculties in
the fullest perfection will generally survive,

Having fully grasped these facts in all their fulness and
in their endless and complex results, we have next to consider
the phenomena of variation, discussed in the third and fourth
chapters ; and it is here that perhaps the greatest difficulty will
be felt in appreciating the full importancoe of the ovidenee as set
forth. It has been so genorally the practico to speak of
variation ag something excoptional and comparatively raro—as
an abnormal deviation from the uniformity and stability of the
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characters of a species—and so fow even wmong naturalists
have ever compared, accurately, considerable numbers of
individuals, that the conception of variability as a general
charactoristic of all dominant and widespread speeies, lurge in
its amount and affecting, not a few, bnt considerable masses of
the individuals which make up the speeics, will he to many
entirely new.  Equully important is the fauct that the vari-
ability extends to every organ and every structure, external
and internal ; while perhaps most important of all is tho
independent variability pf these several parts, each one vary-
ing without any constant or even usual dependence on, or
correlation with, other parts. No doubt there is some such
correlation in the differences that exist between species and
gpecies—more developed wings usually accompanying smaller
feot and wice wersi—Dbut this is, generally, a useful adaptation
which has been brought about by natural selection, and does
not apply to the individual variability which oceurs within
the species.

It is because these facts of variation are so important and
so little understood, thaut they have been discussed in what
will scem to some readers wearisome and unnecessary dutail.
Muny naturalists, however, will hold that even more evidence
is required; and more, to almost any amount, could easily
have been given. The character and variety of that already
adduced will, however, I trust, convince most readers that
the facts are as stated; while they have been drawn from
a sufficiently wide area to indicate a general principle through-
out nature.

If, now, we fully realise these fucts of variation, along with
those of rapid multiplication and the struggle for existence,
most of the dithienlties in the way of comprehending how specics
have originated through natural selection will disappear. For
whenever, through changes of climate, or of altitude, or of
the nature of the soil, or of the area of the country, any
species are exposed to neow dangers, and have to maintain
themselves and provide for the safety of their offspring under
new and more arduous conditions, then, in the variability of
all parts, organs, and structures, no less than of habits and
intelligence, we have the means of producing modifications
which will certainly bring the species inte harmony with its
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new conditions,  And if we remember that all such physical
changes are slow and gradual in their operation, we shall sce
that the umount of variation which we know oceurs in every
new generation will be quite suflicient to enable modification
and adaptation to go on at the same rate. Mr. Darwin
was rather inclined to exaggerate the necessary slowness of
the action of natural selection ; hut with the knowledge we
now possess of the great amount and. range of individual
vaviation, there scems no difticulty in an amount of change,
quite eyuivalent to that which usually distinguishes allied
species, sometimes taking place in less than a eentury, should
any rapid change of conditions necessitate an equally rapid
adaptation.  This may often have occurred, either to im-
migrants into a new land, or to residents whose country has
been cut off by subsidence from a larger and more varied
area over which they had formerly roamed.  When no change
of conditions oceurs, specics may remain unchanged for very long
periods, and thus produce that appearance of stability of species
which is even now often adduced as an argument against
evolution by natwal sclection, but which is really quite in
harmony with it,

On the principles, and by the light of the facts, now briefty
summarised, we have been able, in the present chapter, to
indicate how nataral selection acts, how divergenee of char-
acter is set up, how adaptation to eonditions at varions periods
of life has been effceted, how it is that low forms of life
continue to exist, what kind of circumstances are most
favourable to the formation of new specics, and, lastly, to
what extent the advanee of organisation to higher types is
produced by natural sclection.  We will now pass on to con-
sider some of the more important objections and difficultics
which have been advanced by eminent naturalists,



CHAPTER VI

I)IFP‘,‘I(!ULTIES AND OBJECTIONS

Dilliculty as to smallness of variations—As to the right variations ocene-
ring when required—The heginnings of important organs-—The mam-
mary glands—The eyes of flatfish --Origin of the cye—~Uscless or
non-adaptive characters—Reeent extension of the region of utility in
plants—The same in animals—Uses of tails—OF the horns of deer—
Of the seale-ornamentation of reptiles—Instability of pon-adaptive
characters—Delbveufs law—No *“specific” charactor proved to be
uscless—The swamping efleets of intercrossing—Isclation as prevent-
ing interevossing—Gulick on the effects of isolation—Cases in which
isolation is fncffective.

Ix the present chapter I propose to disenss the more obvious
and often repeated objections to Darwin’s theory, and to show
how far they affect its character as a true and sutficient
explanation of the origin of specics.  The more recondite
diffieulties, affecting such fundamental questions as the cunses
and laws of variability, will be left for a future chapter, after
we have become hetter acquainted with the applieations of the
theory to the more important adaptations und correlations of
animai and plant life,

One of the carlicst and most often repeated objections was,
that it was diflicult “to imagine a reason why variations tend-
ing in an infinitesiroal degree in any.special direction should
be preserved,” or to believe that the complex adaptation of
living organisms could have been produced by infinitesimal
heginnings.” Now this term * infinitesimal,” used by a well-
known carly critic of the Orugin of Species, was never made use
of by Darwin himsclf, who spoke only of variations being
“slight,” and of the “small amount” of the variations that might
be selected.  Even in using these terms he undoubtedly afforded
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grounds for the objection above made, that such small and
slight variations could he of ne real wse, and would not
determine the survival of the individuals possessing them. We
have reen, howoever, in our third chapter, that even Darwin’s
terms were hardly justified ; and that the varubility of many im-
portant species is of consideralile amount, and may very often
e properly deseribed as Luge.  As this is found to ho the
case hoth in animals and plants, and in all their chief groups
and sublivisions, and also to apply to all the separate parts
and organs that have heen compared, we must take it as
proved that the avernge awonnd of variability presents no
difficulty whatever in the way of the action of natiural selection.
It muy be here mentioned that, up to the time of the prepara.
tion of the last edition of The Origin of Species, Darwin had
not scen the work of b, J. A, Allen of Ilarvard University
{then only just published), which gave us the first body of accw-
rate comparisons and nieasurements demonstrating this large
amount of variability. Since then evidence of this nature
has Deen accumnlating, and we are, therefore, now in a far
better position to appreciate the facilities for nutural selection,
in this respeet, than was Mr. Darwin himself.

Another objection of a similur nature is, that the chances
are immenscly against the right variation or combination of
variations ocenrring just when required ; and further, that no
variation can be perpetuated that is not | accompanied by
several concomitunt varintions of dependent parts—preater
length of & wing in u bird, for example, would be of little use
if unacecompanied by inercased "volume or contractility of the
museles which move it.  'This objection seemed a very strong
one 5o long as it was supposed that variations ocowrred singly
and at considerable intervals ; but it ceases to have any weight
now we know that they ocenr simultaneously in varfous parts
of the organism, and also in a large proportion of the in-
dividuals which muke up the species. A considerable number
of individuals will, therefore, every year possess the required
combination of characters; and it may also be cousidered
probable that when the two characters are such that they
always act togother, there will be such a corrclation between
them that they will frequently wvery together. DBut there is
another consideration that scems to show that this coincident
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variation is not essential.  All animals in a state of nature
are kept, by the constant strnggle for existence and the
survival of the fittest, in euch a state of perfeet health and
usually superabundant vigour, that in all ordinary circumstances
they possess a surplus power in every lmportant organ—a
surplus only drawn upon in cases of the direst necessity when
their very existence is at stake. It follows, therefore, that
any additional power given to one of the component parts of
an organ must be useful—an increase, for exumple, either in
the wing muscles or in the form ov length of the wing might yive
soine increased powers offlli oht ; and thus alternate variations—
in one generation in the muscles, in another generation in the
wing itseli—might he as effective in permanently improving the
powers of flight as coincident variations at longer intervals,
On either supposition, however, this objection appears to have
little weight if we take into consideration the large amount of
coincident vartability that bas beon shown to exist.

The Beginmings of Important Organs.

We now come to an objection which has perhaps been
more frequently urged than any other, and which Darwin
himself felt to have much weight—the first beginnings of im-
portant organs, such, for example, as wings, eyes, mammary
glands, and numerons other structures, It is urged, that it
is almost impossible to conceive how the first rudiments of
these could have beeu of any use, and, if not of use they conld
not have been preserved and further developed Ly natural
selection.

Now, the first reraark to be made on objections of this
natare is, that they are really outside the ¢uestion of the
origin of all existing species from allied speeies nob very far
removed from them, which is all that Darwin undertook to
prove by means of his theory. Organs and structures such as
those above mentioned all date buck to a very remote past,
when the world and its inhabitants were both very different
from what they are now. To ask of a new theory that it
shall reveal to us exactly what took place in remote geological
epochs, and how it took place, is unreasonable. The most
that should be asked is, that some probable or possible mode of
origination should be pointed out in some at least of these
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difficult cases, and this M. Darwin has done.  One or two of
these may be Triefly given here, but the whole series shontd
bhe enrefully read by any one who wishes to see how many
curions fuets and ohservations have heen vequired n order to
ehweidate them ; whenee we may conclude that further know-
ledge will probably throw hight on any difficalties that still
rensin,!

In the case of the mammary giuuds My, Darwin remarks
that 1t is admitted that the ancestral mammals were allied to
the mursupials.  Now in the very earliest mammals, almost
hefore they really descrved that name, the young may have
been nonrished by o fluid seercted by the interior surface of
the marsupinl sack, as ig belicved to be the case with the
fish (Hippocampus) whose eggs are hatched within & some-
what similir sack,  This being the case, those individuals
which seereted o more nntritions {lnid, and those whaose
young were ablehe obtain and swallow o more constant supply
by snetion, wois *he more Hkely to live and come toa healthy
maturity, and could therefore be preserved hy natural sclee-
tion.

I another ense whiel has been adduced as one of special
difficulty, a more complete explanation is given.  Soles,
turbots, and  other fatfish ave, us is well known, unsym-
metrical.  They live wnd move on their sides, the nnder side
beimg wsually ditferently eoloured from that which is kept
uppermost,  Now the eyes of these fish are enriously distorted
in order that hoth eyes may he on the upper side, where alone
they would be of any use. It was objected by Mr. Mivart
that a sudden transformation of the eye from one side to the
other was inconceivable, while, if the transit were gradual
the first step could be of no use, since this would not vemove
the cye from the lower side. But, as Mr. Darwin shows hy
reference to the researches of Malm and others, the young of
these fish are quite symmetrical, and during their growth
whibit to ns the whole proeess of change.  This begins by
the tish {owiug to the increasing depth of the hody) heing un-
able to maintain the vertical position, so that it falls on one side,
1t then twists the lower eye as much ns possible towards the
upper side ; and, the whole bony structure of the head being ag

Y Bee Oriyin of Specivs, pp. 176-198,
X
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this time soft and flexible, the constant repetition of this effort
eauses the cye gradually to move round the head till it comes
to the upper side.  Now if we suppose this process, which in
the youny is completed in u few days or weeks, to have been
spread over thousands of generations during the development of
these fish, those wsually surviving whose eyes retained more
and more of the position into which the young fish tried to
twist them, the change beecomes intelligible; though it still
remuing one of the most extraordinary cases of degencration, hy
which symmetry—which is so universal a characteristic of
the higher aninmls-—is Wst, in order that the ereaturo may be
adapted to o new mode of life, whereby it is enabled the hetter
to eseape danger and continue its existence.

The most difficult case of all; that of the eye—the thought
of which even to the last, Mr. Darwin says, “gave him a cold
ghiver "—-1is mnevertheless shown to be »ot unintelligible;
granting of course the sensitiveness to light f some forms of
nervous tissue. For he shows that there are, 1 several of the
lower animals, rudiments of cyes, consisting m..rely of pigment
colls covered with a translucent skin, which may possibly
serve to distinguish light from darkness, but nothing more.
Then we have an optic nerve and pigment cells; then we
find o hollow filled with gelatinons substance of o convex
form-—the first rudiment of a lens.  Many of the succeeding
steps are lost, as would necessarily he the case, owing to the
great advantage of cauch modification which gave increased
distinctness of vision, the creatuwes possessing it inevitably
surviving, while those below them became extinet.  But we
ean well understand how, after the first step was taken, every
variation tending to more completo vision would he preserved
till we reached the perfect eye of birds and mammals.  Tven
this, as we know, is not absolutely, but only relatively, perfect.
Neither the chromutic nor the spherieal abersation is absolutoly
correctad ; while long- and short- sightedness, and the various
diseases and imperfections to which the eye is liable, may ho
fooked npon as relies of the jmperfoct condition from which
the cye has been raised by variation and natural selection.

These few examples of difficultics as to the origin of remark-
able or complex organs must suffice here ; but the reader who
wishes further information on the matter may study carefully
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the whole of the sixth and seventh chapters of the last edition
of The Origin of Species, in which these and many other cases
are discussed in considerahle detail,

Useless or mon-adaptive Characlers.

Many natwralists seem to lie of opinion that a considerable

number of the churacters which distinguish species are of no
serviee whatever to their possessors, and therefore cannot have
heen produced or incrensed by natural selection.  Professors
ironn and Droca have urged this ohjection on the continent.
In America, Dr. Cope, the well-known paleontologist, has long
since put forth the same objection, decluring that non-adaptive
characters are as numerons as those which are adaptive ; hut
he differs completely from most who hold the same general
opinion in counsidering  that  they ocenr chiefly “in the
characters of the classes, orders, families, and other higher
groups ;7 and the objeetion, therefore, is ¢uite distinet from
that in which it is urged that “specific characters ” are mostly
useless.  More recently, Professor (+ ], Romanes has urged this
ditfienlty in his paper on “ Physiological Selection” (Jenra.
Linn. Sor, vol. xix, pp. 338, 311%. lHe says that the characters
“which serve to distinguish allied species are freguently, if
not usuaily, of a kind with which natural selection ean have
had nothing to do,” heing without any utilitarian sighifieance.
Again he gpeaks of “the enormons number,” and further on of
“the innumeralle multitude” of specific peenliarities which
arc useless ; and he finally declares that the ¢question needs no
further arguing, “heeause in the later editions of his works
Mr. Darwin freely acknowledges that a large proportion of
specific distinctions muwst be conceded to Le useless to the
species presenting them,”

I have looked in vain in Mr. Darwin’s works to find any
such acknowledgmont, and I think Mr. Romanes Tas not
sufficiently distinguished between “uscless eharacters” and
“nscless speeific distinetions.”  On referring to all the passages
indicated by him I find that, in regard to specific charncters,
Mr. Durwin is very cantious in admitbing inutility. His
most pronounced “admissions” on this question ave the follow-
ing: “But when, from the nature of the organism and of
the conditions, modifications have been induced which are
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unimportant for the welfare of the species, they may he, and
apparently often have heen, transmitted in nearly the same
state o mumerous, ofherwise wmodified, deseendants™ (Origing .
175). The words T have here italicised clealy show that
sueh eharacters are wsually not “specifie,” in the sense that
they are such ws distingnish species from each other, hut wee
found in mumerous allied species.  Again: “Thus o Jurge
yet undefined extension may safely e given to the divect and
indirect vesults of natural seleetion ; but I now admit, after
reading the essay of Nigeli on plants, and the remarks by
arions wuthors with respect to animals, more especially those
recently made by Professor Broea, that in the earlier editions
of my Origin of Species T perhaps attributed Lo much to the
action of natwral seleetion or the survival of the fittest. |
have altered the fifsh edition of the Origin so us to confine my
remarks to adaptive changes of structure, Luf T om enirineed,
Jrom the light gaived duving corn the last few yeors, Hhat very
ey struefures which now appear to us wseless, will heveafier be
proved to be wseful, and will therefove come within the vanye of
natural selection.  Nevertheless T did not formerly consider
suffieiently the existence of structures which, as far s we can af
presend judge, are neither bencficial nor injurions ; and this 1
believe to he one of the greatest oversights as yet detected in
my work.,” Now it Is to be remarked that neither in these
passages nor in any of the other less distinet expressions of
opinion on this question, does Darwin ever admit that “specitic
characters "—thut is, the particular characters which serve to
distinguish one species from anether—are ever useless, much
less that #a large proportion of them ” ure so, us Mr. Komanes
makes him “frecly acknowledge” On the other hand, in
the passage which I have italicised he strongly expresses his
view that much of what we suppose to be useless is due to
our ignorance ; and as [ hold myself that, as regards many of
the supposed useless characters, this is the true explanation,
it may be well $o give a hrief sketch of the progress of know-
ledge in trnsferring characters from the one category to
the other,
We have only to go back a single generation, and not even
the most acute botanist conld have suggested a reasonable use,
for each species of plant, of the infinitely varied forms, sizes,
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and colours of the flowers, the shapes and arrangement of the
leaves, and the numerous other extermal charncters of the
whole plant.  Dut sinee M. Darwin showed that plants
gained both in vigour and in fertility by being crossed with
other individuals of the same specles, and that this crossing
was uswally effected by insects which, in seareh of nectar or
pollen, earried the pollen from one plnt to the Howers of
another plant, almost every detail is found to have a purpose
and o use. The shape, the size, and the colowr of the petals,
even the streaks and spots with which they wre adorned, the
position i which they stand, the movements of the stamens
and pistil ot various times, especially at the period of, and
just after, fertilisation, have been proved € be strietly
adaptive in so many cases that botanists now helieve that all
the external chavacters of flowers cither are or have been of
use to the species.

It has also heen shown, by Kevner and other hotanists,
that another set of churacteristics have velation to the pre-
vention of ants, slugs, and other animals from reaching the
flowers, Decanse these creatnres would devowr or injure
them  without effveting  fertilisation.  The  spines, hairs,
or sticky glinds on the stem or flowerstalk, the curions
hairs or processes shutting up the iflower, or sometimes
even the extrems smoothness and polish of the outside of
the petals so that few insects can hang to the part, have
heen shown to he related to the possible intrusion  of
these “unbidden guests.”! And, still more recently, attempts
have been muude by Grant Allen and Siv John Lublock
to account for the innumerable forms, textures, and groupings
of leaves, by their relation to the needs of the plants
themselves; and  there ean be little donbs that these
attempts will be nltimately suceessful.  Again, just as flowers
have been adapted to secure fertilisation or cross-fertilisation,
fruits have been developed to assist in the dispersal of seeds ;
and their forms, sizes, Juices, and eolonrs ean be shown to be
specially adapted to secure such dispersal by the agency of
birds and mammals ; while the same end is sceured In other

1 Bev Kerner's Flowers and their Unbidden Guesls for mmuerous other

structures and peculiarities of plants which are shown to be adaptive and
useful.
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cases by downy secds to be wafted through the air, or by
hooked or sticky seed-vessels to be carried away, attached to
skin, wool, or feathers.

Here, then, we have an enormous extension of the region of
utility n the vegetable kingdom, and one, moreover; which
ineludes almost all the specific characters of plants.  Ior the
species of plants aro usually characterised cither by differcnces
in the form, size, and colour of the flowers, or of the fruits;
or, by peculiaritics in the shupe, size, dentation, or arrauge-
ment of the leaves ; or by peculiaritics in the spines, hairs, or
down with which vavious farts of the plant are elothed. In
the case of plants it must certainly he admitted that “specific ”
characters are pre-eminently adaptive ; and though there may
be some which are not so, yet all those referred to by Darwin
as having been addneed by various botanists us useless, either
pertain to genera or higher groups, or are found in some
plants of 2 species only—that is, arc individual variations not
specifie characters.

In the case of animals, the most recent wide extension of
the sphere of utility has been in the matter of their colours
and markings. 1t was of course always known that certain
crextures rf'nncd protectl(m by their resemblance to their
normal smmundmgs, as in the case of white avctic animals,
the yellow or brown tints of those living in deserts, and the
green hues of many birds and insccts surrounded by tropical

vegetation.  But of late years these cases have been greatly
incrensed both in number and variety, especially in vegard to
those which closely imitate special objects amonyg which they
live ; and there are other kinds of colorution which long
appeared to have no use. largo numbers of animals, more
especially insects, are gaudily coloured, either with vivid hues
or with striking patterns, so as to be very easily seen. Now
it has been found, that in almost all these cases the creaturcs
possess some speciul quality which prevents their being
attacked by the enemies of their kind whenever the
peeubiarity is known ; and the brilliant or conspicuous colours
or markings serve as a warning or signal flag against attack.
Large numhers of insects thus coloured are nauseous and
inediblo ; others, like wasps and bees, have stings ; others are
too hard to be eaten by small birds; while snakes with



VI DIFFICULTIES AND OBJECTIONS 135

poisonous fang: often have some characteristic either of
rattle, hood, or unusual colour, which indicates that they had
better be left alone.

But there is yet another form of coloration, which
consists in special markings—bands, spots, or patches of white,
or of bright colour, which vary in every specics, and are often
concealed when the ereature is at rest but displayed when in
motion,—as in the case of the bands and spots so frequent on
the wings and tads of birds. Now these specific markings
are belicved, with good reason, to serve the purpose of enabling
each species to be quickly recognised, even at a distance, by
its fellows, especiaily the parents by their young and the two
sexes by cach other ; and this recognitivn must often he an
important factor in securing the safety of individuals, and
therefore the wellbeing and continuance of the species.
These interesting peculiaritics will be move fully described in
a future chapter, but they are briefly referred to hero in
order 10 show that the most common of all the characters by
which species are distinguished from each other—their colours
and markings—can be shown to be adaptive or utilitarian in
their natnre.

But besides colour there are almost always some structural
characters which distinguish species from species, and, as re-
gards many of these also, an adaptive character ean be often
discerned,  In Dbirds, for instance, we have differences in the
size or shape of the bill or the feet, in the length of the wing
or the tail, and in the proportions of the several feathers of
which these organs are composed. All these differences in
the organs on which the very existence of birds depends,
which determine the character of flight, facility for running
or climbing, for inhabiting chiefly the ground or trecs, and
the kind of food that can he most easily obtained for
themsclves and their offspring, must surcly be in the highest
degree utilitarian ; although in each individual case we, in our
ignorance of the minuti@ of their life-history, may be quite
unable to see the usc. In mammalia specific differences other
than colour usually consist in the length or shape of the ears
and tail, in the proportions of the limhs, or in the length
and quality of the hair on different parts of the body. As
regards the ears and teil, one of the objections by Professor
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Bronn relates to this very point.  He states that the length of
these organs differ in tho various species of hares and of mice,
and he considers that this ditference ean be of no service
whatever to their posscssors. But to this objection Darwin
replies, that 1t has been shown by Dr. Schiobl that the cars of
mice “are supplied in an extraordinary manner with nerves,
so that they no doubt serve as tactile organs.”  ITence, when
we consider the life of mice, cither nocturnal or secking their
food in dark and confined places, tho length of the cars
may be in each case wylapted to the purticular habits and
surroundings of the specics.  Again, the tail, in the largoer
mammals, often serves the purpose of driving off flies and
other insects from the body; and when we consider i how
many parts of the world Hies wre injurious or even fatal to
large mammals, wo sec that the peculiar characteristics of this
organ may in each case have been adapted to its requirements
in the particular avca where the species was developed.  The
tail is also believed to have some use as a halancing organ,
which assists an animal to turn casily and rapidly, much as
our arms are used when running ; while in whole groups it is
a prehensile organ, and has become modified in accordance
with the habits and needs of cach specics. In the case of
mice it is thus used by the young. Darwin informs us that
the late Professor Henslow kept some harvest-mice in con-
finement, and obscrved that they frequently curled their tails
round the branches of a bush placed in the cage, and thus
aided themselves in climbing ; while Dr. Giinther has actually
soen a mouse suspend itself by the tail (Origin, p. 189).

Again, Mr. Lawson Tait has called attention to the use of
the tail in the eat, squirrel, yak, and many other animals as
a means of preserving the heat of the body during the
nocturnal and the winter sleep.  He says, that in cold weather
anjmals with long or bushy tails will be found lying curled up,
with their tails carefully laid over their fect like a rug, and
with their noses buried in the fur of the tail, which is thus
used exactly in the same way and for the same purpose as we
use respirators.!

Another illustration is furnished by the horns of deer
which, especially when very large, have been supposed to be

1 Nuture, vol. xx. p. 603,
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a danger to the animal in passing rapidly through dense
thickets. Dut Sir Janes Iector states, that the wupiti, in
North Americs, throws hack its head, thus placing the horns
along the sides of the back, and is then enabled to rush
throngh the thickest forest with great rapidity. The hrow-
antlers protect the face and eyes, while the widely spreading
horns prevent injury to the neek or flanks.  Thus an organ
which was certainly developed as o sexual wenpon, has heen
so guided and modified during its increase in size ag to be of
use in other ways. A similw use of the antlers of deer
has been observed in Indiat

The various classes of facts now referred to scerve to show
us that, in the case of the two higher groups—mammalia
and birds—almost all the characters by which species are
distinguished from exch vther are, or may be, adaptive. It is
these two classes of animals which have been most studied
and whose life-histories are supposed to be most fully known,
yet even here the assertion of inutility, by an eminent
naturalist, in the ease of two important organs, has been
sufliclently met by minute details either in the anatomy or in
the habits of the groups referred to.  Such a fact as thiy
together with the extensive series of characters already
enumerated which have heen of late years transferred from
the “uscless ™ to the *“useful  elags, should convinee us, that
the assertion of “inutility” in the case of any ovgan or
peculiarity which is not o rudiment or o correlation, is not,
and can never be, the statement of o fact, but merely an
expression of our ignorance of its purpose or origin.*

1 Nuoture, vol. xxxviil. p. 328,

%2 A very remarkalde illustration of funection in an apparently useless
ornament is given by Semper.  He says, **1t is known that the shin of
reptiles encloses the body with seales,  These seales ave distinguished hy
very vanous sculpturings, highly characteristic of the (dillerent species,
Trrespective of their systeatic significance they appear to be of no value in
the life of the animal ; mdeed, they are viewed as ornamental without regard
to the fact that they are microscopic and much ton deliente to he visible to
other animals of theiv own species. 1t might, therefore, seem hopeless to show
the necessity for their existence ou Darwinion principles, and to prove that
they are phystologically active organs,  Nevertheless, recent investigations on
this point have furnished evidence that this is possible,

“It is known that many reptiles, and above all the snakes, cast off the

whols skin at once, whereas human beings do so by degrees. If by any
aecident they are prevented deing so, they infullilly die, because the old
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Instability of Non-adaptive Characlers.

One very weighty objection to the theory that specific
characters can ever he wholly useless (or wholly uncon-
nected with useful organs by correlation of growth) appears
to have leen overlocked by those who have maintained
the frequency of sueh charucters, and that is, their almost
necessary instability. Darwin has remarked on the extrome
variability of secondary sexual eharacters—such as the horns,
crests, plumes, ete, wihich are found in males only,—the
reason being, that, although of some use, they are not
of such dircet and vital importance as those adaptive
characters on which the wellbeing and very existence of the
animals depend.  But in the caso of wholly useless structures,

skin has grown so tough and hard that it hinders the increase in volume
which iy inseparable from the growth of the animal. The casting of the
skin is induced by the fermation on the surface of the inner epidermis, of a
layer of very fine and equally distributed hairs, which evidently serve the
purpose of mochanically raising the old skin by thewr rigidity and position.
These hairs then may be designatod as sasting Aeirs, That they ave destined
and caleulated for this end i3 evident to me from the fact established by Dr.
Braun, that the casting of the shells of the river cray-fish is induced in exactly
the same manner hy the formation of a coating of hairs wlich mechanieally
loosens the old skin or skell from the new. Now the researches of Braun and
Cartier have shown that these casting hairs—which serve the same purpose in
two groups of animals so far spart in the gystematic scale —after the casting,
are partly transformed into the concentric stripes, shar)y spikes, ridges, or
warts which ornament the outer edges of the skin-scales of reptiles or the
carapace of crabs’"!  Professor Sumper adds that this example, with many
others that might be quoted, shows that we need not abandon the hope of
expleining morphological characters on Darwinlan principles, although their
nature is often duflienlt to understand,

During o recent discussion of this question i the pages of Nature, Mr,
St. George Mivart addnces several examples of what he deems useless specific
characters. Among them are the aborted index finger of the lemurine Potto,
and the thumbless hands of Colohus and Ateles, the “ life-saving action” of
either of which he thinks incredible. These ecascs suggest two remarks. In
the first place, they involve generic, not specific, eharacters ; and the three
genern adduced are somewhat isolated, implying considerable antiquity snd
the extinction of many allied forms.  This is impeortant, because it atfords
ample time for great changes of conditions since the structures in question
originated ; and without a knowledge of these changes we can never safely
assert that any detail of structure could not have been useful.  In the second
place, all three are cases of aborted or rudimentary organs; and these are
admitted to be cxplained by non-uge, leading to diminution of size, a further
reduction beiug brought about Ly the action of the principle of economy

1 The Naturgl Conditions of Existence as they uffect Animal Life, p. 19
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which are not rudiments of once usefnl organs, we cannot sce
what there is to ¢nsure any amount of constancy or stability.
One of the casecs on which Mr. Romanes Jays great stress in
his paper on “Physiological Selection” (Jowrn. Linn. Soc., vol. xix,
P 380 is that of the tleshy appendages on the corners of the
jaw of Normandy pigs and of some other breeds. But it is
expressly stated that they ure not constant ; they appear
“frequently,” or “oceasionally,” they are “not  strictly
inherited, for they ocenr or fuil in animals of the same litter ;7
and they are not always symmetrical, sometimes appenring
on one side of the face alone.  Now whatever may be the
cause or explamation of these anomalous appendages they
canmot  bo  classed with  “specific  characters,” the most
essentinl features of which are, that they wre symmetrieal,

of prowtl.  But, when so reduced, the ninliment might be inconvenient or even
lartfnl, and then patural selection would aul in ats complete abortion; in
other words, the abortion of the part would bo wsefu/, and weuld theretore e
sithject to the law of survival of the fittest, The genera Ateles and Colobus
arg two of the most pumely arboreal types of monkeys, and it is not ditlicult
to conceive that the eonstant use of the elongated fingers for climbing from
tree to tree, and calehg on to branches wlile waking great leaps, sight
requure all the nervons energy and mnsenlar growth to be direcled to the
fingers, the small thumb remaining useless.  The case of the Potto is more
diflicult, hboth becaqse it is, presumably, a more ancient type, and ils actnal Jife-
history and habits are completely muknown,  These cases are, therefore, not
at all to the point as proving that positive specific characters—not meie
rudmients characterising whole genera--are in auy case nseless,

Mr, Mivart further oljects to tle alleged rigidity of the action of natural
stlection, becatse wownled or mallormed animals have heen found whick had
evidently lived a consuderzble time in their imperfect condition. RBut this
simply proves that they were living umder a temporarily favourable environ-
ment, awd that the real struggle for existence, in their ease, had not yet
takeu place.  We must surely admit that, when the pinel eame, and when
perfeetly formed stoats were dying for want of food, the one-footed animal,
referred 1o by Mr. Mivart, would be among the first to succmub; and the
sang remark will apply to his abnormally toothed hares and rhieumatie
monkeys, which might, nevertheless, get on very well under favourabls
conditions, The strnggle for cxistence, under which all animals and plants
have beeu developed, is intermitient, and exceedingly irvegular in its incidence
and severity, It is most severs amd fatal {o the young; but when an animal
has once reached maturity, aad especially when it has gained experience by
several years of an eventful existence, it may e able to maintain itself under
conditinns which woulil be fatal to & young and inexperienced creature of the
same species,  The examples adduced by Mr. Mivart do not, therefore, in
any way impugn the hrrdness of nature as o taskmaster, or the extreme
sgverity of the recurring struggle for existence.!

? Beo Nojure, vol, xxxix, p. 127,
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that they are inherited, and that they are comstant.  Ad-
mitting that this peenliar appendage is (s Mr. Romunes says
rather confidently, ¥ we happen to know it to be”) wholly
useless and meaningless, the fact would be rather an argument
against specific characters being also meaningless, heeause the
latter never have the charucteristivs which this particular
variation possesses.

These useless or non-adaptive characters ure, apparently, of
the same nature as the “sports” that arise in our domestic
productions, but which, €5 Mr. Darwin says, without the ail
of selection would soon disappear ; while some of them may
be correlations with other characters which are or have heen
useful. Some of these correlations are very curicus.  Mr
Tegetmeier informed Mr. Darwin that the youngof white, yellow,
or dun-colonred pigeons are born almost naked, whereas other
colonred pigeons are born well clothed with down,  Now, if
this difference ocenrred between wild species of different colours,
it might be said that the nakedness of the young could not be
of any use. But the colour with which it is correlated might,
a8 has heen shown, be useful in many ways, The skin and its
various appendages, as horns, hoofs, hair, feathers, and teeth,
are homologous parts, and are subject to very strange correls-
tions of growth. In Parnguay, horses with curled hair oceur,
and these always have hoofs exactly like those of a mule, while
the hair of the mane and tail is much shorter than wsuwal.
Now, if any one of these characters were uscful, the others
corrglatodd with it might he themselves useless, but would still
be tolerably constant hecause dependent on a usefnl organ.
So the tusks and the bristles of the bear are correlated and
vary in development together, and the former only may be
useful, or hoth may bo useful in unequal degrees.

Tho difficulty as to how imlividual differences or sports can
hecome fixed and perpetuated, i altogether useless, is evaded
by those who hold that such characters are excoedingly common,
M. Romanes says that, upon his theory of physiological selec-
tion, “it is quite intelligible that when a varietal form is
differentiated from its purent form by the bar of sterility, any
Little meaningless peculiarities of structure or of instinet should
at first be atlowed to avise, and that they shoule then be allowed
to perpeluate themselves by heredity,” until they arc finally
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climinated by disuse.  But this is entirely begging the ques-
tion. Do meaningless peeuliarities, which we admit often arise
as spontancous variations, ever perpetuate themselves in all
the individuals constituting a variety or race, without sclec-
tion cither human or natwral ¢ Such characters present them-
selves as unstahle varintions, and as snch they remain, unless
prescerved and accumulated by sclection ; and they can there-
fore never hecome * speeific ” characters unless they are strietly
correlated with some nreful and fmportant peenliaritios.

As bearing upon this question we may refor to what is
termed Delbouf’s Inw, which bas been thus hriefly stated by
Mr. Murphy in his work on flubil and  Infelligence, p.
211.

“If, in any species, o number of individuals, hearing
ratio not infinitely small to the entire number of births, are in
cvery generation born with a partienlar variation which is
neither heneficial nor injurious, and if it is not counteracted by
reversion, then the proportion of the new variety to the original
form will increasc till it approaches imdefinitely near to
cquality.”

It i not impossible that some definite varicties, such as the
melanic form of the jaguar and the bridled variety of the guille-
mot are due to this canse; but from their very nature such
varictics are unstable, and are continuwally reproduced in
varying proportions from the parent forms. They can,
thercfore, never constitute species unless the variation in
question hecomes beneficial, when it will be fixed hy natural
selection.  Dharwin, 1t is true, says—“There can be little
doubt that the tendeney to vary in the same manner has often
been so strong that all the individuals of the same species
have been siniilarly modified without the aid of any form of
selection.”*  But no proof whatever is offered of this state-
ment, and it is so entively opposed to all we know of the facts
of variation us given by Duvrwin himself, that the important
word “all” is prohably av oversight.

On the whole, then, I submit, not only has it not heen
proved that an “encrmous number of specific peculiarities ”
are uscless, and that, as a logieal result, natural selection is
“not o theory of the origin of species,” but only of the origin

Y Origin of Species, p. T2,
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of adaptations which are usually eommon to many speeies, or,
more commonly, to genera and familics; bus, 1 urge further,
it has not cven heen proved that any truly *specific”
characters—those which either singly or in combination dis-
tinguish each specics from its nearest allics—are entirely un-
adaptive, uscless, and meaningless ; while o great body of facts
on the one hand, and some weighty arguments on the other,
alike prove that specific characters have been, and could only
have been, developed and fixed hy natural sclection hecanse of
their utility,  We mayadmit, that among the grent number of
variations and sports which continually arise many are altogether
useless without being hurtiul; but no cause or influence has
been adduced adequate to render such characters fixed and
constant throughout the vast number of individuals which con-
stitute any of the more dominant speeies.!

The Swamping Effects of Tntererossing.

This supposed insuperable diflieulty was first advanced in
an article in the North British Neview in 1867, and much
attention has been attracted to it by the acknowledgment of
Mr. Darwin that it proved to him that “single variations”
or what are usually termed “ sports,” could very rarely, if ever,
he perpetuated in a state of nature, as ho had at first thought
might occasionally he the case.  DBut he had always considered
that the chief purt, and latterly the whole, of the materials
with which natural selection works, was afforded by individual
variations, or that amount of ever fluctuating varialility which
cxsts in all organisms and in all their parts.  Other writers
have urged the same objection, even as against individual
variability, apparently in total ignoranco of its amount and
range ; and quite recently Professor G. J. Romanes has adduced

T Darwin’s latest expression of opinion on this guestion is interesting, since
it shows that he was inclined to return to his earlier view of the general, or
aniversal, utility of specific chiaracters.  In a letler to Semper (30th Nov.
1878) he writes < “ As our knowledge mlvances, very slight differcences, eon-
sidered by systematists as of no importanee in structure, are coutinually
tound to he functionally important ; and I have been especially strnek with
this fact in the case of plants, to which my ohservations have, of late years,
heen confined.  Therefore it scems to me rather rash to consider slight
differences between representative speeies, for dnstance, those inliabiting the
different isfands of the same archipelago, as of no functional importance, und
as not in any way due to natural selection " {L{fe of Darwin, vol. iil. p. 161).
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it as onc of the difficulties which can alone be overcome by his
theory of physiological sclection.  He urges, that the same
variation does not ocewr simultaneously in s number of
individuals inhabiting the same area, and that it is mere
assumption to say it does; while he admits that “if the
assumption were granted there would e an end of the present
diffieulty ; for if a sufficient number of individuals were thus
simultanecously and similarly medified, there need hie no longer
any danger of the variety becoming swamped by intercrossing.”
I mnst again refer my readers to my third chapter for the
proof that sueh simultaneous variability is not an assumption
but o fact ; hut, even admitting this to be proved, the problem
is not altogether solved, and there is so much misconception
regarding variation, and the actual process of the origin of
new species is so obseure, that some further diseussion and
clucidation of the subject are desirable. ’

In one of the preliminary chapters of Mr. Sechohm's recent
work on the Charadriide, he discusses tho differentiation of
species ; and he expresses o rather widespread view among
naturalists when, speaking of the swamping coffects of inter-
crossing, he adds: “'This is unquestionally a very grave
difficulty, to my mind an absolutely fatal one, to the theory of
accidentad variation.”  Anpd in another passage he says: “The
simultaneous appearanee, and its repetition in snecessive genera-
tions, of a heneficial viniation, in a large namber of individuals in
the sanie loculity, eannot possibly he aseribed to chance.”  These
remarks appear to me to exhibit an entire miseonception of the
facts of variation as they actually oecur, and as they have been
utilised hy matural selection in the modification of speeies. 1
have already shown that every part of the orgunism, in common
species, doos vary to a very considerable amount, in a large
number of Individuals, and in the same loeality ; the only point
that remains to be discussed is, whether any or most of these
variations are “beneficial.”  But every one of these viwiations
consists cither in inerease or diminution of size or power of the
organ or faculty that varies; they can all be divided into a
more offective and a less effeetive group—that is, into one that
is more heneficial or less bencficial.  If less size of body would
ba beneficial, then, as half the variations in size are above and
half below the mean or cxisting standurd of the specics, thers
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would be ample bencficial variations; if a darker colour or
a longer beak ov wing were required, there are always a con-
sidlerable number of individuals darker and lighter in colour
than the average, with longer or with shorter heaks and wings,
and thus the beneficial variation must always be present.  And
g0 with every other part, organ, function, or habit ; heeanse, as
variation, so far ag we know, is and always must be in the two
directions of excess and defect in relation to the nean anount,
whichever kind of variation is wanted is always present in some
degree, and thus the dificulty us to * beneficial 7 variations
oecenrring, as if they were a special and rave class, falls to the
ground.  No doubt some organs may vary in three or perhaps
more directions, as in the length, hreadth, thickness, or curva-
ture of the hill.  But these may be taken as separate varia-
tions, each of which aguin oceurs as “more ” or “less”; and thus
the “right ” or *heneficial ” or “useful ” variation must always
be present so long as any variation at all oceurs; and it has not
yet been proved that in any Jarge or dominant species, or in
any part, organ, or faculty of such specics, there is no variation.
And even were snch a case fonnd it would prove nothing, so
long as in numerous other species variation was shown to exist ;
becuuse we know that great numbers of species and groups
throughout all geological time have died ont, leaving no
descendunts ; and the olwvious and sufficient explanation of this
fact is, that they did net vary enough at the time when varia-
tion was required to hring them into harmony with changed
conditions. Tho objection as to the “right” or “beneficial ”
variation occurring when required, seems therefore to have no
weight in view of the actual facts of variation.

Isvlation to prevent Inteverossing.

Most writers on the subject consider the isolation ot a
portion of a species & very important factor in the formation
of new species, while others maintain it to be absolutely
essential,  This latter view has arisen from an exaggerated
opinion as to the power of intercrossing to keop down any
variety or incipient species, and merge it in the parent stoek,
But it is evident that this can only occur with varietics which
are not useful, or which, if wseful, vecenr in very small
numbers ; and from this kind of variations it is clear that
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new species do not arise. Complete isolation, as in an oceanic
island, will no doubt enahle natural seclection to act more
rapidly, for severul reasons. In the first place, the absenee of
competition will for some time allow the new immigrants to
nerense rapidly till they reach the limits of subsistence.
They will then struggle among themselves, and by survival of
the fittest will gquickly become adapted to the new conditions
of their cnvironment. Organs which they formerly needed,
to defend themselves against, or to ecscape from, encemies,
being no longer required, would be encumbrances to be got
rid of, while the power of appropriating and digesting new
and varied food would rise in importance. Thus we may
explain the origin of so many flightless and rather bulky birds
in occanic islands, as the dodo, the cassowary, and the extinet
moas. Again, while this process was going on, the complete
isolation would prevent its heing checked by the inmigration
of new competitors or enemies, which would be very likely to
oceur in o continuous area ; while, of course, any intercrossing
with the original unmodified stock would be absolutely pre-
vented.  If, now, before this change has gone very far, the
varicty spreads into adjacent but rather distant islands, the
somewhat diflerent econditions in each may lead to the
development of distinet forms constituting what are termed
representative species ; and these we find in the separate
islands of the Galapagos, the West Indies, and other ancient
groups of islands.

But such cases as these will only lead to the production of
a few peculiar species, descended from the original settlers
which happened to reach the islunds ; whereas, in wide areas,
and in continents, we have variation and adaptation on a much
larger scale; and, whenever important physical changes de-
mand them, with even greater rupidity. The far greater
complexity of the environment, together with the oceurrence of
variations in constitution and habits, will often allow of
effective isolation, even here, producing all the results of aetual
physical isolation.  As we have already explained, one of the
most frequent modes in which natural selection -aects is, by
adapting some individuals of u species to a somewhat different
mode of life, whereby they aro ublo te seize upon unappropriated
places in nature, and in so doing they become practically

T
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isolated from their parent form. Letus suppose, for example,
that one portion of a species nsmally living in forests ranges
into the epen plains, and finding abundance of food remains
there permanently.  SBo long as the straggle for existence is
not exeeptionally severe, these two portions of the species may
remain almost unchanged ; hut suppose some fresh enemies are
attracted to the plains by the prescnce of these new immi-
grants, then variation and natural selection wonld lead to the
preservation of those individuals hest able to cope with the
difiienlty, and thus thg open country form would beeome
madified into a marked variety or into a distinet species;
and there would evidently be little chance of this modifica-
tion being checked by intercrossing with the parent form
which remained in the forest.

Another mode of isolation is hrought abont by the varicty
—cither owing to habits, climate, or constitutional change—-
breeding at a slightly different time from the parent species.
This is known to produce complete izolation in the case of
many varietics of plants, Yet another mode of isolation is
hrought about hy changes of colour, and by the faet that in a
wild state animals of similar eolonrs prefer to keep together
and refuse to pair with individuals of another colour. The
probable reason and utility of this habit will be explained
in another chapter, but the fact is well illustrated by the
cattle which have run wild in the Falkland Istands. These
are of geveral different colours, hut each colour keeps in a
separate lerd, often restricted to one part of the island;
and one of these varieties—the mouse-colonred —is said to
breed & month carlicr than the others; so that if this
variety inhabited a larger area it might very soon be estab-
lished as a distinet race or species.! Of course where the
change of habits or of station is still greater, as when o ter-
restrial animal becomes snb-aquatic, or when aquatic animals
come to live in tree-tops, as with the frogs and erustacea
described at p. 118, the danger of intercrossing is reduced to
o minimum,

Scveral writers, however, not content with the indirect
effects of isclation here indicated, maintain that it is in itself
a cause of modificution, and ultimately of the origination of

} Bee Variation of Animals and Plants, vol. i, p. B6,
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new species.  This was the keynote of Mr. Vernon Wellaston's
essy on ** Variation of Species,” published in 1846, and it is
adopted by the Rev. JJ. Gl Gulick in his paper on © Diversity
of Evolution under one Set of External Conditions ™ (Jowra.
Linne Sveo Zuoly volo xic po 406). The idea scems to he
that there is an inherent tendeney to variation in eertain
divergent lines, and that when one portion of a specics is
isolated, even though under identical conditions, that tendency
sets np o divergence which earries that portion farther and
farther awany from the original spectes. This view 1s held to
be supported by the case of the land shells of the Sandwich
Islunds,  whicn  certainly  present  some  very  remarkable
plhenomena. In this comparatively small area there arve
about 300 species of land shells, almost all of which belong
to one family (or sub-fanily), the Achatinelfidae, found
nowhere else in the world.  The interesting poing is the
extreme  restriction  of the species and  varieties,  The
avernge range of each species is only five or six miles,
while some are restricted to Jut one ov two square miles,
and only a very few range over a whole island,  The forest
region that eatends over one of the mountain-ranges of the
island of Ouhu, is about forty miles in length and dive or six
wiles In breadth; and this smadl tervitory furnishes about
175 species, represented by 700 or 800 varieties. M.
Gulick states, that the vegetation of the different valleys
on the samo side of this mnge is much the same, yet cach
has & mollasean fauna differing in some degree from that
of any other. “We frequently, find a genus represented
in several successive valleys Dby allied species, sometimes
feeding on the same, somctimes on different plants. In
every such case the valleys that are nearest to cach other
furnish the most nearly allied forms; and a full set of the
vartctics of cach species presents a minute gradation of forms
hetween the more divergent types found in the more widely
separated localities.”  He urges, that these constant differences
cannot be attributed to natural selection, hecause they oceur
in different valleys on the same side of the mountain, where
food, chimate, and enemies are the same; and also, becanso
there is no greater difference in passing from the rainy to the
dry side of the mountains than in passing from oue valley to
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another on the same side an equal distance apart.  In a very
lengthy paper, presented to the Linnean Society last year, on
“IHvergent Evolution through Cumulative Segregation,” Mr,
Gulick emdeavows to work out his views into a complete
theory, the main point of which may perhaps be indieated by
the following passage: “ No two portions of a species possess
exuctly the same average character, and the initial differences
are for ever reacting on the environment and on ench other
in such & way as to ensure increasing divergence in cach
successive generation a# long as the individuals of the two
groups are kept from intererossing.”!

It need hardly he said that the views of Mr. Darwin and
myself are inconsistent with the notjon that, if the environment
were absolutely similae for the two Isolated portions of the
species, any sueh necessary und constant divergeace would
take place. It ds an error to assume that what seem to
us identical conditions are really identical to such smali
and declicate organisms as these land molluses, of whose
needs and difficultios at ench successive stage of their existence,
from the freshly-laid cog up to the adult animal, we are so
profoundly ignorant.  The exact proportions of the various
species of plants, the numbers of cach kind of fwscet or of
hird, the peculiarities of more or less exposure to sunshine
or to wind at certain eritical epochs, and other slight
differenees which to us are absolutely immaterial and nn-
recognisable, may he of the highest sizunificance to these
humble creatures, and be quite suflicient to require some
glight adjustments of size, form, or colour, which natural
selection will bring about. All we know of the facts of
variation leads us to believe that, without this action of
natural selection, there would he produced over the whole area
a series of inconstant varieties mingled together, not a distinet
segregation of forms each confined to its own limited arca,

Mr. Darwin has shown that, in the distribution and
modification of species, the biological is of more importance
than the physical environment, the struggle with other
organisms being often more severe than that with the forces
of nature.  This i3 particularly evident in the case of plants,
many of which, when protected from competition, thrive in a

¥ Journal of the Linnean Socicty, Zoology, vol. xx. p. 215,
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soil, elimate, and atmosphere widely different from those of
their native habitat. Thug, many alpine plants only found
near perpetual snow thrive well in our gardens at the level of
the sea; as do the tritomas from the sultry plains of South
Africa, the yuceas from the ariid hills of Texas and Mexico, and
the fuchsias from the damp and dreary shores of the Straits of
Mageltan. 1t has been well said that plants do not live
where they like, it where they ean ; and the samo remark will
apply to the animal world.  Horses and cattle run wikl and
thrive hoth in North and South America; rabbits, onee con-
fined to the south of Furope, have cstablished themselves in
our own country and in Australia ; while the domestic fowl, a
native of tropical India, thrives well in every part of the
temperate zone.

lf, then, we admit that when one portion of a species is
separated from the rest, there will nccessarily be a slight
difference in the averuge characters of the two portlons, it
does not follow that this difference has much if any effect
upon the characteristies that are developed by a long period
of isolation. In the first place, the difterence itself will
necessarily be very slight unless there iz an exceptional
amonnt of yariability in the species; and in the next place,
if the average characters of the species arc the expression of
its exact adaptation to its whole envivonment, then, given
a precisely similar environment, and the isolated portion will
inevitably be brought back to the same average of characters.
But, ns o matter of fact, it is impossiblo that tht, environment
of the isolated portion can be exactly like that of the bulk of
the species. It cannot e so physieally, since no two separated
areas can he absolutely alike in climate and soil ; and even if
these are the same, the geographical features, size, contour, and
relation to winds, scas, and rivers, would certainly differ.
Biologically, the differences are sure to be considerable. The
irolated portion of a species will almost always be in a much
smaller arca than that oceupied by the species as a whole, hence
it is at once in u different position ag regards its own kind.
The proportions of all the other species of animals and plants
are also sure to differ in the two areas, and some species will
almost always be absent in the smaller which are present in
the larger country. Thoese differences will act and react on
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the isolated portion of the species.  The struggle for existence
will differ in its severity and in its incidence from thut which
affects the bulk of the species. The wbsence of some one
insect or other creatwre inimical to the young animal or plant
may catise i vast difference in its conditions of existenee, and
may necessitate s modification of its externul or internal
eharacters in quite a different direetion from that which
happened to De present in the average of the individuuls
which were first isolated.

On the whole, then, we conclude that, while isolation is an
important factor in effecting some modification of species, it is
80, not on aceount of any effect produced, or influence exerted
hy isolation per e, hut beeause it is always and necessarily
accompanicd hy a change of envirenment, both physieal and
hiological.  Natura! selection will then hegin to act in
adapting the isolated portion to its new conditions, and will
do this the more quickly and the more effectually hecanse of
the igolation, We have, however, scen reason to believe that
geographical or local isolation is by no means essentinl to the
differentiation of species, hecanse the same resudt is hrought
about by the incipient species acquiring different habits or
frequenting o different station; and also by the fuct that
different varieties of the same species are known to prefer to
puir with their like, and thus to bring about a physiological
isolation of the most effeetive kind.  This part of the subject
will be again referred to when the very diffieult problems
presented by hybridity are discussed.!

Cases in which Tsolation is Ineffective.

One objection to the views of those who, like Mr. Gulick,
beliove isolation itself to be a cause of modifieation of species
deserves attention, namely, the entire absence of chango where,

! Fu Mr. Golick’s last paper (Jowrnal of Linn, Sec. Zool , vol. xx. pp. 189-
274) he discusses the varions forms of isolation above referred to, under o
less than thirty-eight different divisions apd subdivisions, with an elahorate
terminology, and he argues that these will frequently ring abont divergent
evolution without any change in the environment or any action of natural
selection.  The discussion of the problem here given will, I helieve, sutficiently
expose the fallacy of his contention ; buat his illustration of tle varied and
often recondite modes hy which practical isolation may be brouglit about,
may help to remove one of the popular difficnities in the way of the action
of natural selection in the ovigination of species.
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if this were a vera cowse, we shonld expect to find it. In
Treland we have an excellent test ease, for we know that it
has been separated from Britain sinee the end of the glacial
epoch, certainly many thonsand years,  Yet hardly one of
its mammals, reptiles, or jand molluses has undergone the
slichtest ¢hange, even althongh there is mu‘tainl_y’ a distinet
d]ﬂu‘umc in th<, environment both inorganic and organie.
That changes have not ocenrred through natural adcctlon, is
perhaps duc to the less severe sty ngqlc for existence owing to
the smaller number of competing species; but, if lsol.lbl()n
itself were an efficient cause, acting continnously and cumula-
tively, it is incredible that a <luul<,d change should not have
been produced in thousands of years.  That no such change has
occurred in this, and many other cases of isolation, seems to
prove that it is not in itself a canse of modification.

There yet vemain a number of diflicultics and objections
relating to the question of hybridity, which are so important
as to require u separate chapter for their adequate discussion.



CHAPTER VII

ON THE INFERTILITY OF CROSSES DETWEEN DISTINCT SUECIES
AND THK USUAL STERILITY oF THEIRE HYBRID OFFSPRING

Statement of the problem—Extreine suseeptibility of the reproductive
functions—Recrprocal crosses—Individual differences in respeet to
eross - fertilisation—Dimorphism and  trimorphism pwong plants—
Cases of the fertility of hybrids and of the infertility of mongrels
—The effects of close inter-hreeding—Mr. FTuth’s ebjections—Fertile
hybrids among animals—TFertility of hybrids amoeng plants—Cnses of
sterility of mongrels—Parallelisin between crossing and change of
conditions—Remarks on the faets of lybridity—Sterility due to
changed conditions and usually correlated with other characters—
Carrelation of colour with constitutional peculiaritics—The isolation
of varieties by selective association—The influence of natural selection
upon sterility and fertility—DPhysiologiesl selection—Sumnary and
concluding remarks.

Oxk of the greatest, or perhaps we may say the greatest, of
all the difficulties in the way of accepting the theory of
natural selection as a complete explanation of the origin of
species, has been the remarkable difference between varicties
and species in respect of fertility when crossed. Generally
speaking, it may be said that the varicties of any one species,
however different they may be in external appearance, are
perfectly fertile when crossed, and their mongrel offspring are
equally fertile when bred among themselves ; while distinct
species, on the other hand, however closely they may resemble
cach other externally, are usually infertile when crossed, and
their hybrid offspring absolutely sterile.  This used to he
considered a fixed law of nature, constituting the absolute test
and criterion of a species as distinct from a variety ; and so
long as it was believed that gpecies were separate creations, or
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at all events had an origin quite distinet from that of varieties,
this Iaw could have no exceptions, becanse, if any two species
had been found to be fertile when erossed and their hyhrid
offspring to be also fertile, this fact would have been held to
prove them to bo not species but varieties.  On the other hand,
if two varicties had been found to be infertile, or their mongrel
offspring to be sterile, then it would have been snid; These
are not varieties but true species.  Thus the old theory led
to inevitable rensoning in o eircle; and what might be only a
rather common fuct was elevated into a law which had no
exceptions.

The clalorato and careful examination of the whole subject
by Mr. Darwin, who has brought together a vast mass of
evidence from the experience of agrienlturists and horti-
culturists, as well as from scientific experimenters, has demon-
strated that there Is no such fixed law in nature as was
formerly supposed.  He shows us that crosses between some
varicties are Infertile or even sterile, while crosses hetween
some species are quite fertile; and that there are besides a
number of curions phenomena connected with the subject
which render it impossible to believe that sterility is anything
more than an incidental property of species, due to the
extreme delicacy and snseeptibility of the reproductive powers,
and dependent on physiological causes we have not yet been
able to trace. Nevertheless, the fact remains that most species
which have hitherto heen crossed produce sterile hybrids, as
in the well-known case of the mule ; while almost all domestic
varieties, when crossed, produce offspring which are perfectly
fortile among themselves, 1 will now endeavour to give such
a sketch of the subject as may enable the reader to see some-
thing of the complexity of the problem, referring him to Mr.
Darwin's works for fuller details.

Fetreme Susceptibility of the Leproductive Funclions.

One of the most interesting facts, as showing how sus-
coptiblo to changed conditions or to slight constitutional
changes are the reproductive powers of animals, is the very
general diffieulty of getting those which are kept in confine-
ment to breed; and this is frequently the only bar to
domesticating wild species. Thus, elephants, bears, foxes,
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and numbers of species of rodents, very rarely breed in
confinement ; while other species do so more or less freely,
Hawks, vultures, and owls hardly cver hreed in confinenent ;
neither did the falcons kept for hawking ever breed.  Of the
numerous small seed-eating birds kept in wviaries, hardly
any breed, neither do parrots. Gallinaccous birds usually
breed freely in confinement, bnt some do not; and even
the guans and curassows, kept tame by the Bouth American
Indians, never breed, This shows that change of climate has
nothing to do with the phenomenon; and, in fact, the same
species that refuse to breed in Europe do so, in almost every
case, when tamed or confined in their native eountries, This
inability to reprodnee is not due to ill-health, since many
of these creatures are porfeetly vigorous and live very long.

With our true domestic animals, on the other hand,
fertility is perfeet, and is very little aflected by changed
conditions.  Thus, we sce the common fowl, a native of
tropical India, living and multiplying in almost every part of
the world ; and the samo is the caso with our eattle, sheep,
and goats, our dogs and horses, and especiully with domestic
pigeons. It therefore scems probuble, that this facility for
breeding under changed conditions was an original property
of the specics which man has domesticated—u property
which, more than any other, enabled him to domesticate them,
Yet, even with these, there is ovidence that great changes of
eonditions affect the fertility. In the hot valleys of the
Andes sheep are less fertile ; while geese taken to the high
plateau of Bogota were at first almost sterile, but after some
generations recovercd their fertility. These and many
other facts seem to show that, with the majority of animals,
even a slight change of conditions may produce infertility or
sterility ; and also that after a time, when the animal has
become thoronghly acclimatised, as it were, to the new
conditions, the infertility is in some cases diminished or
altogether ccases. It is stated by Bechstein that the canary
wag long infertile, and it is only of late ycurs that good
breeding birds have become common; but in this case no
doubt selection has aided the change.

As showing that these phenomena depend on deep-seated
causes and are of a very general nature, it is interesting
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to note that they oeenr also in the vegetable kingdom.
Allowing for wll the cireminstances which we known to
prevent the prodiction of seed, such as too great huxuriance
of folinge, tno little or too much heat, or the absence of
inscets to crossfertilise the flowers, Mr. Darwin shows that
many species which grow and flower with us, apparently in
perfect health, yet never produce seed,  Other plants are
affected by very slight changes of conditions, producing seed
freely in one sotl and not in another, though apparently
growing cpually well in both; while, in some cases, a
difference of position even in the same garden produees a
similar result.!
Reciprocal Crosses.

Another indication of the extreme delicney of the
adjustment, hetween the sexes, which is necessarvy to produce
fertility, is aflovded by the hehavionr of many species and
varieties when  reciprocally crossed.  This will he Dest
illustrated by a few of the exnmples furnished us by Mr.
Darwin.  The two distinet species of plants, Mirabilis jalapa
and M. longitlora, can he easily crossed, and will produce
healthy and fertile hybrids when the pollen of the latter is
applicd to the stigma of the former plant. Dnt the same
experimenter, Kilrouter, tried in vain, more than twe hnndred
times during cight years, to eross them by applying the pollen
of M. jalapa to the stigina of M. longiflora.  In other cases two
plants are so closely allied that some botanists elass them as
rarieties (as with Matthiola annua and M. glabra), and yet
thero is the same great difference in the result when they are
reciprocally crossed.

Individual Differences in vespect o Cross-Fertilisalion,

A still more remarkable illustration of the delicate
halanee of organisation needful for reproduction, is atforded
by the individual differences of animals and plants, as rogards
both their power of Intercrossing with other individuals or
ather species, and the fertility of the offspring thus produced.
Among domestic animals, Tharwin states that it is hy ne means
rare to find certuin males and fomales which will not Lreed

! Darwin's Andmels and Plants under Domestication, vol. ii. p. 163-170,
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together, though both are known to be perfectly fertile with
other males and females. Cases of this kind have oceurred
among horses, cattle, pigs, dogs, and pigeons; and the
experiment has been tried so frequently that there can be no
doubt of the fact. Professor G. J. Romancs states that he
has a numboer of additional cases of this individual incom-
patibility, or of absolute sterility, between two individuals,
each of which is perfectly fertilo with other individuals,

During the numerous experiments that have Deen made
on the hybridisation of plants similar peculiarities have been
noticed, some individuals being capable, others incapable, of
being crossed with a distinet species,  The same individual
peculiaritics are found in varicties, speeies, and genera,
Kolreuter crossed five varieties of the common tobaceo
{Nieotiana tabacum) with o  distinet species, Niecotiana
glutinosa, and they all yiclded very sterile hybrids; but
those raised from one variety were less sterile, in all tho
experiments, than the hybrids from the four other varieties,
Again, most of the specics of the genus Nicotiana have heen
crossed, and freely produce hybrids; but one species, N,
acuminata, not particularly distinet from the others, could
neither fertilise, nor be fertilised by, any of the eight other
species experimented on.  Among genera we find some—
such as Hippeastrum, Crinum, Caleeolaria, Dianthus—almost
all the species of which will fertilise other species and produce
hybrid offspring ; while other allied genera, ng Zephyranthes
and Silene, notwithstanding the most persevering efforts, have
not produced a single hybrid even between the most closely
allied species.

Dimorphism and Trimorplisn.

Peculiarities in the reproductive system affecting indi-
viduals of the same species reach their maximum in what are
called heterostyled, or dimorphic and trimorphic flowers,
the phenomena presented hy which form one of the most
remarkable of Mr. Darwin’s many discoveries.  Our common
cowslip and primrose, as well as many other species of the
genus Primula, have two kinds of flowers in about equal
proportions. In one kind the stamens are short, being
situated about the middle of the tube of the corolla, while the
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style is long, the globular stigma appearing just in the centre
of the open flower. In the other kind the stamens are long,
appeating in the ecntro or threat of the flower, while the
style is short, the stigma leing situated halfway down the
tube at the same level s the staumens in the other form.
These two forms have long heen known to florists as the
“pin-eyed 7 and the “thrum-eyed,” but they are called by
Darwin the long-styled und short-styled forms (see woodeut).

-

‘ ,\\@,\.{n‘u‘f‘il!

Lomg-styled forne Short-styled forn.
F1u. 17.—Primula verls (Cowslip).

The meaning and use of these different forms was quite
unknown till Darwin discovered, first, that cowslips and’
primroses are absolutely barren if insects are prevented from
visiting them, and then, what js still more extraordinary, that
cach form is almost sterile when fertilised by its own pollen,
and comparatively infertile when crossed with any other
plant of its own form, but is perfectly fertile when the pollen
of a long-styled is ecarried to tho stigma of a short-styled
plant, or vice wersd. It will be secn, by the figures, that the
arrangemeont is such that o beo visiting the Howers will carry
the pollen from the long anthers of the short-styled form to
the stigma of the long-styled form, while it would never
reach the stigma of another plant of the short-styled form,
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Dut an fusect visiting, fivst, o long-styled plant, would depesit
the polien on the stigma of another plant of the same kind if
it were next vistted ; and this is probably the reason why the
wikl short-stylal plants were found to be almost always most
productive of secd, since they must be all fertilised by the
other form, whereas the long-styled plants might often he
fertilised by their own form.  'The whole artangement,
however, ensnres cross-fertilisation ; and this, as Mr, Darwin
has shown by copious experiments, adds both to the vigour
and fertility of almost all plants us well as animals.

Besides the primrose family, many other plants of several
distinet natural orders present similar phenomena, one or
two of the most curious of which must be referred to. The
beautiful erimson flax (Linum grandifloonm} has also two
forms, the styles only differing in length ; and in this case My
Darwin found by nnnierous experiments, which have since
been repeatedd and confirmed by other observers, that cach
form is absolutely sterile with pollen from another plant of
its own form, hut abundantly fertile when erossed with any
plant of the other form. In this case the pollen of the two
forms cannot he distingnished under the microscope {whereas
that of the two forms of Primula differs in size and shape),
yet it has the remarkable property of being ahsolutely
powerless on the stigmas of half the plunts of its own speeies.
The crosses between the opposite forms, which are fertile, are
termed by Mr, Darwin  “legitimate,” and those hetween
similar forms, which are sterile, “illegitimate”; and he
remarks that we have here, within the limits of the sume
species, w degree of sterility which rarely ovcurs except
hetween plants or animals not only of different species hut of
different genere.

But there is another sct of plants, the trimorphic, in which
the styles and stamens have each three forms—long, medium,
and short, and in these it is possible to have eighteen different
crosses. By an elaborate gerics of experiments it was shown
that the six legitimate unions—that is, when a plant was
fertilised by pollen from stamens of length corresponding to
that of its style in the two other forms—were all abunduntly
fertile ; while the twelve illegitimate uniens, when a plant wus
fertilised by pollen from stamens of a different length from its
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own style, in any of the three forms, were cither comparatively
ar whally sterile.®

We have here a wonderfnl amount of constitutional
difference of the reproductive organs within o single species,
greater than usnally oceurs within the mumerous distinet
species of a genus or gronp of genera; and all this diversity
appears to have arisen for o purpose wiich has been obtained
Ly nuany other, and appavently simpler, changes of structure
or of function, in other plants. This seems to show us, in the
first place, that variations in the mutual relations of the repro-
ductive organs of different individuals must be as frequent as
structural variations have Dbeen shown to he; and, also, that
sterility in itself can he no test of speeific distinctness.  Dut
thiz point will be better considered when we have further
illustrated and discussed the complex phenomena of hybridiy.

Cuses of the Fertilily of Ihybrids, and of the Infertilily of Mongrels.

1 now propose to adduce a few cases in whiell it has heen
proved, by experiment, that hyhrids hetween two  distinet
gpecies are fertile dnder se; and then to consider why it is that
such cases are so few in number.

The common domestic gonse (Anser ferus) and the Chinese
goose (A. eygnoides) arevery distinet species, so distinet that
some naturalists have placed them in different genera ; yet they
have bred together, and M, Lliyton raised from a paiv of these
hybrids a brood of cight. This fact was confirmed Dy Mr.,
Darwin hinself, who ruised several fine birds from o pair of
hybrids which were sent him.2  In India, according to
Mr. Blyth and Captain Hutton, whole floeks of these hybrid
geese are kept in varions parts of the country where nceither
of the pure parent species exists, and us they are kept for
profit they must certainly he fully fertile.

Another equally striking case is that of the Indian humped
and the common cattle, species which differ osteologieally, and
alse in habits, form, voice, and constitution, so that they are
by no means closcly allied ; yet Mr. Darwin assures us that he

1 For a full account of these iuteresting facts and of the various problems
to which they give rise, the realder must consult Darwin's volume on Z%e
Different Forms of Flowers vn Plants of the same Species, chaps. L-iv.

# Bee Nuture, vol, xxi. p. 207,
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has received deeisive evidence that the hybrids between these
are perfectly fertilo énfer se.

Dogs have heen frequently erossed with wolves and with
jackals, and their hybrid offspring have heen found to he fertile
tnber s¢ to the third or fourth generation, and then usually to
show some signs of sterility or of deterioration. The wolf
and dog muy be originally the same speecies, but the juckal is
certainly distinet ; and the appearance of infertility or of weak-
ness is probably due to the fact that, in almost all these experi-
ments, the offspring of a single pair—themselves nsually from
the same litter—wero bred in-and-in, and this alone sometimes
produces the most deleterious effects. Thus, My, Low in his
great work on the Domesticaled Animals of Great Dritain,
says: *1f we shall breed a pair of dogs from the same litter,
and unite aguin the offspring of this pair, we shall produce at
onee a feeble race of creatures ; and the process being repeated
for one or two gencrations more, the family will die out, or be
incapable of propagating their race. A gentleman of Scotland
made the experiment on a large seale with certain foxhounds,
and he found that tho race actually became monstrous
and perished utterly.” 'The same writer tells us that hogs
have been made the subject of similar experiments : ““ After a
few generations the vietims manifest the ehange induced in the
system, They beconre of diminished size; the bristles are
changed into hairs; the limbs become feeble aund short; the
litters diminish in frequency, and in the number of the young
produced ; the mother becomes unable to nourish them, and,
if the experiment be carricd as far as the case will allow, the
feeble, and frequently monstrous offspring, will be incapable of
being reared up, and the miserable race will utterly perish.”?

These precise statements, by one of the greatest authorities
on our domesticated animals, are suflicient to show that the
fact of infertility or degeneracy appearing in the offspring of
hybrids after a few generations need not be imputed to the
fact of the first purents being distinet specics, since exactly the
same phenomena appear when individuals of the same species
are bred under similur adverse conditions. But in almost all
the experiments that have hitherto beon made in erossing
distinet speeies, no care has been taken to avoid close inter-

! Low's Domesticated Animals of Great Britatn, Introduction, p. lxiv,
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breeding by securing several hybrids from quite distinet
stocks to start with, and by having two or more sets of experi-
ments curried on at onee, o that crosses hetween the hybrids
produced may be oceasionally made. Till this is done no
experiments, sich as those hitherto tried, can be held to prove
thit hybrids are in all cases infertile inter <o,

It has, however, heen denied hy Mre. A, H. Huth, in his
interesting work on The Murvinge of Newr Kin, that any
amount of breeding inand-in is in itself hurtful ; and he quotes
the evidence of numerons breeders whose choieest stocks have
always been so bred, as well as cases like the Porto Santo
rabbits, the goats of Juan Fernandez, and other cases in which
apimals allowed to vun wild have increased prodigiously and
continued in perfect health and vigour, although all derived
from a single pair.  Bnt in all these cases there has been
rigid selection by which the weuk or the infertile have been
eliminated, and with such selection there is ne doubt that the
ill effects of close interbreeding can be prevented for a long
time ; Dut this by no means proves that no il effects are pro-
duced. Mr. Huth himself quotes M. Allié, M. Aubd, Stephens,
Giblett, Sir John Sebright, Youatt, Ihruee, Lord Weston, and
other eminent breeders, as finding from experience that close
interbreeding does produce bad effeets; and it cannot be
supposed that there would Do such o consensus of opinion
on this point if the evil were altogether imaginary. Mr.
Huth argues, that the cvil results which do oceur do not
depend on the close interlireeding itsclf, but on the tendeney
it has to perpetuate any constitntional weakness or other
hereditary taints ; and e attempts to prove this by the argu-
ment that “if erosses act by virtue of being a cross, and not
by virtue of removing an hereditary taint, then the greater the
difference between the two animals erossed the more beneficial
will that act be.” He then shows that, the wider the difference
the less is the henefit, and coneludes that a eross, as such, has
no beneficial effeet. A parallel argument wounld be, that change
of air, as from inland to the sea-coast, or from a low to an
elevated site, is not heneficial in itself, because, if so, a change
to the tropics or to the polar regions shouklbe more beneficial.
In hoth these cases it may well be that no bencfit would
accrite to & person in poerfeet health ; but then there is no

M
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such thing as “ perfect health” in man, and probably no such
thing as absolute freedom from constitutional taint in animals.
The experiments of Mr, Darwin, showing the great and
immediate good effects of a cross between distinet strains in
plants, cannot be explained away ; neither can the innumerable
arrangements to sceure cross-fertilisation by inscets, the real
use and purport of which will be disenssed in our eleventh
chapter.  On the whole, then, the evidence at our command
proves that, whatever may be its ultimate cause, close inter-
breeding does usually produce bad results ; and it is only hy
tho most rigid selection, whether natural or artiticial, that
the danger can be altogether obviatad,

Ferttle Hybrids among Anlmals.

One or two more cases of fertilo hybrids may e given
hefore we pass on to the corresponding experiments in plants.
Professor Alfred Newton received from o friend a pair of
hybrid ducks, bred from n common duek {Anas boschas), and o
pintail {Dafila acuta).  From these he obtained four ducklings,
but these latter, when grown up, proved infertile, and did not
breed again. In this case we have the results of close inter-
breeding, with too great o difference between the original
spocies, combining to produce infertility, yet the fact of a
hybrid from such a puir producing healthy offspring is itsclf
nuteworthy.

Still more extraordinary is the following statement of Mr,
Low: “It has been long known to shepherds, though ques-
tioned by naturalists, that the progeny of the eross hetween the
gheep and goat is fertile.  Breeds of this mixed race are
numerous in the north of Europe.” ' Nothing appears to ho
known of such hybrids either in Scundinavia or in Italy ; but
Professor Giglioli of Florence has kindly given me some uscful
references to works in which they are deseribed. The following
extract from his letter is very interesting: “I need not tell
you that there being such hybrids is now generally aceepted as
a fact.  Buffon (Supplements, tom. iil. p. 7, 1746) obtained one
such hybrid in 1751 and eight in 1752, Sanson {Le Culfure,
vol. vi, p 372, 18605) mentions a case observed in the Vosges,
France. Geoff, St. Hiladre (Iisf, Not. Gén. des vey, ory., vol. iii, p.

1 Low's Domesticated Animals, p. 28,
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163) was the first to mention, T helieve, that in different parts
of South America the ram is more usually crossed with the
she-goat than the sheep with the hegoat.  The wellknown
‘pellones ™ of Chile are produced by the second und third
generation of such hylwids (Gay, < Hist. de Chile,’ vol, i, p. 466,
dgriculture, 1862). Hybrids hred from goat and sheep are
ealled “chabin’ in French, and ‘cabruno’ in Spanish,  In
Chile such hybrids are called ‘earneros lanudos’; their breed-
ing nler se appears to be not always suecessful, and often the
original cross has to he recommenced to obtabi the proportion of
three-cighths of he-goat and five-cighths of sheep, or of three-
cighths of vam and five-cighths of she-goat; such being the
reputed best hyheids.”

With these numerons fitcts recorded by competent observers
we can hardly doubt that races of hybrids hetween these very
distinet species have been produced, and thab such hyhrids are
fuirly fortile énfer se; and the analogons facts already given lead
us to helieve that whatever amount of infertility may at first
exist could be eliminated by careful selection, if the crossed
races were bred in large numbers and over a considerable area
of country. This case is especially valuable, as showing how
careful we should be in assuming the infertility of hybrids
when experiments have been made with the progeny of a single
pair, and have been continued only for one or two generations,

Among insects one case enly appears to have been recorded.
The hybrids of two moths (Bombyx eynthia and B, arrindia)
were proved in Paris, according to M. Quatrefages, to be fertile
inier se for eight generations.

Fertility of Hybrids among Plants,

Among plants the cases of fertile hybrids ure more numerous,
owing, in part, to the large scale on which they are grown by
gardeners and nuserymen, and to the greater faeility with
which experiments ean be made. Davwin tells us that Kolreuter
found ten cases in which two plants considered by botanists
to bo distinet species were quite fertile together, and he there-
foro ranked them all as varieties of each other. In some
cases these were grown for six to ten suceessive generations, but
after a time the fertility decreased, us wo saw to he the case in
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animals, and presumably from the sume cause, too close inter-
breeding,

Pean Herbert, whe carried on experiments with great care
and skill for many years, found numerons cazes of hybrids
which were perfectly fertile énfer se. Crinum capense, fertilised
by three other species—C. pedunculatum, C. canaliculatum, or
(. defixum—all very distinet from it, produced perfectly
fertile hybrids ; while other species less different in appearance
were quite sterile with the same C. eapense.

All the speeies of the genus Hippeastmm prodnee hybrid
offspring which are invariably fertile.  Lobelin syphylitica and
L. fulgens, two very distinet species, have produced a hybricd
which has been named Lobelin speciosa, and which reproduces
itself abundantly. Many of the beautiful pelargoniums of
our greenhouses are hybrids, such as P. ignescens from a eross
between T citrinodorum and . fulgidum, which is quite
fertile, and has become the parent of innumerable varictios of
beantiful plants.  All the varied species of Caleeoluria, how-
ever different in appearance, intermix with the greatest readi-
ness, and the hybrids are all more or less fertile. DBut the
most remarkable cise is that of two speeles of Petunia, of which
Dean Herbert says: “It is very remarkable that, although
there is a preat difference in the form of the flower, especially
of the tube, of ' nyctanigenwflorn and P. phonicea the
mules between them are not only fertile, but I have found
them sced much more freely with me than cither parent.
. ... From a pod of the above-mentioned mule, to which
no pollen but its own had aceess, I had a large batch of sced-
lings in which there was no variability or difference from
itself ; and it is evident that the mule planted by itself, in
congenial climate, would reproduce itsclf as a spocies ; at least
as much deserving to bo so considered as the various Calceo-
larias of different districts of South America.”?

Darwin was informed by Mr. C. Noble that he raises stocks
for grafting from a hybrid between Rhododendron ponticum
and R. catawbiense, and that this hybrid sceds as frecly as it
is possible to imagine. He adds that horticulturists raise
large heds of the same hybrid, and such alone are fairly
treated ; for, by insect ageney, the several individuals are freely

L Amarytlidacer, by the Hon. and Rev. William Ilerbert, p. 379.
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crossed with each other, and the injnrious influence of close
interhreeding is thus prevented.  Had hybrids, when faivly
treated, always gone on decreasing in fertility in cach sue-
eessive generation, as Gartner helicved to be the case, the fuet
would have been notorious to nurserymen. !

Cluses of Sterility of dounigrels.

The reverse phenomenon to the fortility of hybrids, the
storility of mongrels or of the crosses between warieties of the
sume species, is & comparatively rare one, yet some undoubted
cases have oceurred, (értner, who believed in the absolute
distinetness of species and varieties, had two varicties of
maize—one dwarf with yellow seeds, the other taller with red
secds ; yet they never naturally erossed, and, when fertilised
artificially, only a singlo head produced any sceds, and this one
ounly five grains.  Yet these fow seeds were fertile; so that in
this ease the first cross was almost sterile, though the hybrid
when at length produced was fertile.  In like manner, dis-
simitarly colonred varieties of Verbascum or mullein have heen
founrd by two distinet observers to he comparatively infertile,
The two pimperncls (Anagallis arvensis and A, ecerulen), elassed
by most botanists as varietics of one species, have heen found,
after repeated trinls, to be perfectly sterile when crossed.

No cases of this kind are recorded among animals; hut
this is not to he wondered at, when we consider how very fow
experiments have been made with natwral varieties; while
there is good reason for helieving that domestic varieties are
sxeeptionally fertile, purtly hecanse one of the conditions of
domestication was fertility under changed conditions, and also
heeause long continued domestication is believed to have the
effeet of increasing fertility and climinating whatever sterility
may exist, This is shown by the faet that, in many eases,
domestic animals are descended from two or more distinet
speeies.  This 1s almost certainly the case with the dog, and
probably with the hog, the ox, and the sheep ; yet the various
breeds are now all perfectly fertile, although we have every
reasen to suppose that there would le some degree of infer-
tility if the scvernl aboriginul species were crossed together
for the first time.

1 Qrigin of Species, p. 239
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Purallelism between Crossing and Change of Conditions,

In the whole series of these phenomena, from the beneficial
effcets of the erossing of different stocks and the evil effects of
close interbreeding, wp to the partinl or complete sterility
induced by crosses botween specics belonging to  different
genera, we have, as Mr. Darwin points out, a curious parallelism
with the effeets prodnced by change of physical conditions.
It is well known that slight changes in the conditions of life
are heneficial to all living things. Plants, if constantly grown
in one soil and locality from theiv own sceds, are greatly
benefited by the importation of seed from some other locality,
The same thing happens with animals ; and the benefit we our-
selves cxperience from *change of air” is an illustration of
the same phenomenon.  But the amount of the change which
is heneficial has its limits, and then o greater amount is
injurious. A chango to a climate u few degrees warmer or
colder may be good, while a change to the tropics or to the
arctie regions might be injurious.

Thus we sce that, both slight changes of conditions and
a slight amount of crossing, are heneficial ; while extreme
changes, and crosses between ndividuals too far removed in
structiire or constitution, are injurious. And thers is not
only a parallelism but an actual connection hetween the two
classes of facts, for, as we have already shown, many species
of animals and plants are rendered infertile, or altogother
sterile, by the change from their natural conditions which
occurs in confinement or in cultivation ; while, on the other
hand, the increased vigour or fertility which is invariably pro-
duced by a jndicions cross may he also effected by a judicions
change of climate and swrroundings.  We shall sce in a subse-
quent chapter, that this interchangeability of thebeneficialeffoets
of crossing and of new conditions, serves to explain some very
puzzling phenomena in the forms and cconomy of flowers,

femarks on the Facts of Iybridily.

The facts that have now been adduced, though not very
numerous, are sufficiently eonchisive to prove that the old
helief, of the universal sterility of hybrids and fertiliby of
mongrels, is incorrect. The doctrine that such a universal



vi1 ON THE INFERTILITY OF CROSSES 187

law existed wag never more than a plausible generalisa-
tion, founded on a few ineonclusive facts derived from
domesticated animals and enltivated plants.  The facts were,
and still are, inconclusive for several reasons. They are
founded, primavily, on what ocers among animals in
domestication ; and it hag heen shown that domestication
both tends to inercase fertility, and was itself rendered
possible by the fertility of those particukur speeies being littlo
affected by changed conditions.  The exceptional fertility of
all the varieties of domesticated animals does not prove that
a sintilar fortility oxists among watural varieties.  In the next
place, the generalisation is founded on too remote crosses, as in
the case of the horse and the ass, the two most distinet and
widely separated species of the genus byguus, so distinet indeed
that they have been lielid by sowe naturalists to form distinct
genera,  Crosses between the two species of zebri, or even
batween the zelnw and the quagua, or the quagga and the ass,
might have led to a very different result,  Again, in pre-
Darwinian times it was so universally the practice to argne in
a civele, and declare that the fertility of the offspring of a
eross proved the identity of species of the parents, that experi-
ments in hylbridity were usuallty made between very remote
speetes and even between species of different genera, to avoid
the possilility of the reply @ “ They are both really the same
specivs ; aml the sterility of the hybrid offspring of snch
remote crosses of course served to strengthen the popular
belief.

Now that we have arrived at a different standpoint, and
look upon a species, not as u distinet entity due to speeial
creation, but as an assemblage of individuals which have become
somewhat modified in structure, form, and constitution so as
to adapt them to slightly different conditions of life; which
mn be differentiated from other allied assemblages; which
reproduee their like, und which usually breed together—we
require a fresh set of experiments caleulated to determine the
matter of fact,—whether such species crossed with their near
allies do always produce offspring which are more or less
sterile snfer se. Ample matevials for such oxperiments exist,
in the numerous “representative species” inhabiting distinet
arens ou a continent or different istands of a group; or even




188 DARWINTSM CItAY,

in these found in the swme area but frequenting somewhat
different stations,

To carry out these experiments with any satisfactory result,
it will be necessary to aveid the evil cffects of confinement
and of too close interbreeding. If Dirds are experimented
with, they should be allowed as much liberty us possible, a
plot of ground with trees and bushes heing enclosed with
wire netting overhead so as to form o large open aviary.
The spocies experimented with should he obtained in con-
siderable numbers, and by two separate persons, each making
the opposite reciprocal cross, as explained at p. 155, In the
sceond generation these two stocks might be themselves crossed
to prevent the evil effects of too close interbreeding. By such
experiments, carcfully ecarried out with chﬂu’tnt groups of
animals and plants, we should obtain a Dody of fucts of a
charvacter now sudly wanting, and without which it is hopeless
to expect to arrive at a complete solution of this diffienlt
problem.  There are, however, some other aspects of the
question that need to be considercd, and some theoretical
views which require to be carefully examined, having done
which we shall bhe in a condition to state the gencrul con-
clusions to which the fucts and reasonings at our command
seem to point.

Stevility due to elunged Conditions and wsually corvelaled with
other Charucters, especially with Colour.,

The evidence alveady addueed ns to the extreme suscop-
tibility of the reproductive system, and the euvious irregu-
larity with which infertility or aterility appears in the crosses
between some vatictics or specics while quite absent in those
between others, scem to indicate that sterility is a charac-
teristic which has n constant tendency to appear, cither hy
itself or in corrclation with ather characters. It is known
to be especially liable to oecur under changed comditions of
lifo; and, as such change is nsually the starting-point and
canse of the development of new species, we have alveady
found a reason why it should so often appear when speeies
become fully differentiated,

In almost ull the cases of infertility or sterility between
varietics or species, we have some external differences with
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which it is correlated ; and though these differences arc
sometimes slight, and the amount of the infertility is not
always, or oven usnally, proportionate to the external dif-
ference between the two forms crossed, we must believe that
there iy some connection between the two elasses of facts
This is especially the ease ag regards colowr ; and Mr. Darwin
has eollected o body of facts which go far to prove that
colonyy, instead of being an altogether trifling and un-
important. character, as was supposed by the older natural-
istg, 1s really one of great significance, since it is un-
doubtedly often correlated with Duportant constitutional
differences.  Now colour is one of the characters that most
nsually distinguishes closely allied species; and when we
hear that the most closely allied species of plants are
infertile together, while those more remote are fertile, the
meaning usnally is that the former differ chiefly in the eofour
of their flowers, while the latter differ in the form of the
flowers or foliage, in habit, e in other structural characters.

It is therefore a most curious and suggestive fact, that in
all the recorded cases, in which o deeided infertility oceurs
between varictics of the same species, those varicties uare
distinguished by a  difference of colour.  The infertile
varicties of Verbascum were white and  yellow fowered
respectively ;  the infertile varietics of maize were red and
yellow sceded ; while the infertile pimpernels were the red
and the blue Howered varictics,  So, the differently coloured
varicties of hollyhocks, though grown close together, each
reproduce their own colonr from seed, showing that they are
not capable of freely intererossing.  Yet Mr. Darwin ussures
ns that the ageney of bees is necessary to carry the pollen
from one plant to another, because in cach flower the pollen
is shed DLefore the stigma is ready to veceive it.  We have
here, therefore, either almost complete sterility between
varieties of different colours, or a prepotent effect of pollen
from u tlower of the same colonr, bringing about the same
result.

Similar phenomena  have mot been recorded among
animals ; but this is not to he wondered at when we consider
that most of our pure and valued domestic breeds are
characterised by definite colours which constitute one of their
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distinctive marks, and they are, therefore, seldom crossed with
these of another eolour ; and even when they are so erossed, no
notice would be taken of any slight diminution of fertility, since
this is linble to ocour from many canses.  We have also renson
to believe that fertility has heen increased by long domestica-
tion, in addition to the fact of the original stocks heing
exceptionally fertile ; and no experiments have been made on
the ditferently coloured varieties of wild animals.  There are,
however, a number of very eurions facts showing that colour
in animals, as in plants, s often correluted with constitutional
differences of a remarkable kind, and as these have a close
relution to the subject we are discussing, a brief summary of
them will be here given.

Correlation of Colowr with Constitulional Peenfinrilics,

The correlation of a white eolonr and blue eyes in nuale
cats with deafness, and of the tortoise-shell marking with the
female sex of the same animal, are two well-known hut most
extraordinary cases.  Fqually remarkable is the fact, eom-
municated to Darwin by Mr. Tegetmeier, that white, yellow,
pale blue, or dun pigeons, of all breeds, have the young hivds
born naked, while in all other colours they are well covered
with down. Herc we have a ease in which colonr seems of
more physiological importance than all the varied structiral
differences between the varieties and Dbreeds of pigeons.
In Virginia thero is a plunt called the paint-root (Lachnanthes
tinctorta), which, when caten by pigs, colours their bones
pink, and canses the hoofs of all but the bluck varietics to
drop off'; so that black pigs only can be kept in the district.!
Backwheat in flower is alse said to be injurious to white
pigs but not to black. In the 'Tarentino, black sheep
ate not injured by eating the Hypericum crispum-—a species
of St. Johw's-wort—which kills white sheep.  White terviers
suffer most from distemper; white chickens from the gapes.
White-haired horses or cattle are subject to cutuneous
diseases from which the dark coloured are free ; while, both in
Thuringia and the West Indies, it has heen noticed that white
or pale coloured cattle are much more troubled by flics than aro
those which are brown or black. The same law even extenis

1 Origin of Speedes, sixth edition, p. 9,
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to insects, for it is found that silkworms which produce white
covoons resigt the fungns discase much hetter than do those
which produce yellow cocoons.?  Among plants, we have in
North America green and yellow-fruited plums not affected by
a discase that attacked the purplefruited varieties,  Yellow-
fleshed peaches suffer more from dizense than white-fleshed
kinds. In Mauritins, white sugar-ecanes were attacked by a
disense from which the red canes were free.  White onions
andd verbenas are most liable to mildew ; and red-flowered
hyacinths were more injured by the cold during a severe
winter in Holland than any other kinds,?

These curions and inexplicable correlations of colour with
constitutional peculiarities, hoth in animals and plants, render
it probable that the corrclation of colour with infertility,
which has been detected in several cases in plants, may also
extend to animals in a state of nature; and if so, the fact
is of the highest importance as throwing light on the origin
of the infertility of many allied species.  This will be better
understood after eonsidering the fucts which will be now
deseribed.

The Isolation of Fuaricties by Selective Association.

In the last chapter I have shown that the importance of
geographical isolation for the formation of new species hy

natural selection has been greatly exaggerated, becanse the

L Tn the 8edico-€hirurgiced Tramsaclions, vol. Hii. (1870), Dr. Ogle has
adiluced some curious physiological facts bearing on the presence or ahsence
of white colours in the higher animals,  He states that o dack pigment in the
olfactory region of the nostrils is essential to perfect smell, and that this
pigment i3 rarely defivient except when the whole animal is pure white, and
the creature is then almost withont smell or taste, e olserves that there is
no proof that, in any of the cases given above, the black animals actually eat
the poisonous voot or plant ; and that the facts are readily understood if the
senses of smell and taste are dependent on a pigment which is absent in the
white animals, who therefore eat what those gifted with pormal senses avoid,
This explanation however hardly seems to cover the facts, We cannot sup-
pose that almost all the sheep in the world (whicl are wostly white} are
witliout smell or taste. The cutaneouns disense on the white patches of hair
on horses, the special lability of white terriers to distemper, of white chickens
Lo the gapes, and of silkworms whiel produce yellow silk to the fungus, are
not explained by it.  The analogous facts iu plants also indivate o real cou-
stitutional relation with colour, not an affection of the sense of smell and
taste only.

? For all these facts, seo Animals and Mants under Dmnestication, vol. il
pp. 335-348.
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very change of conditions, which is the initial power in
starting such new forms, leads also to a local or stational
segregation of the forms acted upon.  But therve is also o very
powerfal cause of isolation in the mental nature—the likes
and dislikes—of animals ; and to this is probably due the fact
of the comparative rarity of hybrids in a state of nature
T'he differently coloured herds of cattle in the Falklund lslands,
each of which keeps separate, have been aheady mentioned ;
and it may be adided, that the mouse-colonred variety scem
to have already developed a physiologicul peculiarity in breed-
ing s month carlier than the others. Similur fucts oceur,
however, among our domestic animals and are well krown to
breeders. Professor Low, one of the greatest authorities on
our domesticated animals, says : “The female of the dog, when
not under restraint, makes sclection of her mate, the mastiff
seleeting the mastiff, tho torrier the terrier, and so on.”  And
again : **The Merino sheep and Ieath sheep of Scotland, if
two flocks are mixed together, ench will breed with its own
variety.” Mr. Darwin has collectedd many facts illustrating
this point. One of the chief pigeonfanciers in lngland
informed him that, if free to choose, ench breed wonld prefer
pairing with its own kind.  Among the wild horses in Para-
guay those of the same colour and size associate together;
while in Circassin there ure three races of horses which have
reeeived spocial names, and which, when living w free life,
almost always refuse to mingle and eross, and will even
attack one another. On one of the Parde Iskends, not more
than half & mile in diameter, the half-wild native black sheep
do not readily mix with imported white sheep.  In the
Forest of Dean, and in the New TForest, the dark and pale
coloured lierds of fallow deer have never heen known to
mingle; and even the curious Ancon sheep of quite nodern
origin have heen observed to keep together, separating them-
selves from the rest of the flock when put into enclosnves
with other sheep. The same rule applies to birds, for Darwin
wag informed by the Rev. W. ID. Fox that his flocks of white
and Chinese geese kept distinet.!

"I'his constant preference of animals for their like, even in the
cage of slightly different varietiesof the sanie species, is evidently

Y Animals and Planis under Domestication, vol. il. pp. 102, 103.
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a fact of great importance in considering the origin of species
hy natural seleetion, since it shows us that, so soon as a slight
differentiation of form or colour has been cffected, Isolation
will at once arise by the sclective association of the animals
themselves ; and thus the great stumbling-block of “the
swamping cffects of intercrossing,” which has heen so pro-
minently bronght forward by many naturalists, will be eom-
pletely obviated.

If now we combine with this fuct the correlation of colour
with importunt eonstitutional peculiaritics, and, in some cases,
with infertility ; and consider, further, the crious parallelism
that has been shown to exist hetween the effects of changed
conditions amd the intercrossing of varicties in producing
either an inercase or a deercase of fertility, we shall have
obtained, at all events, a starting-point for the production of
that infertility which iz zo characteristic a feature of distinct
species when intercrossed. Al we need, now, is sonic means
of inereusing or seeumulating this initial tendeney ; and to a
discussion of this problem we will therefore address ourselves.

The Influcnce of Nofural Selection upon Sterilily and Ferfilify.

It will oceur to many persons that, as the infertility or
sterility of incipient species would be useful to them when
oceupying the same or adjacent areas, by neutralising the
effeets of intercrossing, this infertility might have heen ine
creased by the action of natural sclection ; and this will be
thought the more probable if we admit, as we have seen
reason to do, that variations in fertility ocenr, perhaps as
froquently as other variations,  Mr. Darwin tells us that, at
one time, this appeared to him probable, but he found the
problem to he one of extreme complexity ; and he was also
influenced against the view by many considerations which
seemed to render such an origin of the sterility or infertility
of species when intercrossed very improbable.  The fact that
speeics which ocenpy distinet areas, and which nowhere come
in contact with each other, are often sterile when crossed, is one
of the diffieulties ; but this may perhaps bo overcome by the
consideration that, though now isolated, they may, and often
must, have been in contact at their origination. More
important is the objection that natural selection could not



174 DARWINISM CHAL.

possibly have produced the difference that often oceurs
between reciprocal crosses, one of these being sometimes
fertile, while the other is sterile. The extremely different
amounts of infertility ov sterility between different species
of the same genus, the infertility often hearing no proportion
to the difference between the species crossed, is also an
important objection. But none of these objections would
have mueh weight if it could be clearly shown that natural
selection 4s able to increase the infertility variantions of in-
cipient species, as it is certainly able to increase and develop
all useful variations of form, steucture, instincts, or habits.
Ample eauses of infertility have heen shown to exist, in the
nmature of the organism and the laws of ecorrelation; the
agency of natural sclection is only uneeded to aceumulate
the effects produced by these canses, and to render their final
results more uniform and more in accordance with the faets
that exist.

About twenty years ago I had much correspondence and
diseussion with Mr. Darwin on this question, I then believed
that I was ahle to demonstrate the action of natural selection in
accumulating infertility ; but I could not convinee him, owing
to the extreme complexity of the process under the conditions
which he thought most probable. I have recently returned
to the question ; and, with the fuller knowledge of the facts of
variation we now possess, I think it may he shown that
natural selection is, in some probable cases at all events, able
to accumulate variations in infertility between incipicnt species,

The simplest cuse to consider, will be that in which two
forms or varicties of a species, occupying an extensive area, are
in process of adaptation to somewhat different meodes of life
within the same area. If these two forms freely intercross
with cach other, and produce mongrel offspring which are
quite fertile snfer se, then the further differentiation of the
forms into two distinct species will be retarded, or perhaps
entirely prevented ; for the offspring of the crossed unions
will be, perhaps, more vigorous on account of the cross,
although less perfectly adapted to the conditions of existence
than either of the pure breeds; and this would certainly estub-
lish a powerful antagonistic influence to the further differentia-
tion of the two forms.
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Now, let us suppose that a partial sterility of the hylrids
between the two forms arises, In correlation with the different
rwodes of life and the slight external or internal peculiarities
that exist hetween them, hoth of which we have seen to he
real causes of infertility, The result will he that, even if the
hybrids between the two forms arve still freely produced, these
hybrids will not themselves increase so rapidly as the two
pure forms; and as these latter are, by the terms of the
problem, hetter suited to their conditions of life than are
the hybrids hetween them, they will not ouly increase more
rapidly, but will also tend to supplant the hybrids altogether
whenever the struggle for existence becomes exceptionally
severe.  'Thus, the more complete the sterility of the hybrids
the more rapidly will they dic out and leave the two parent
forms pure.  Hence it will foliow that, if there is greater
infertility hetween tho two forms in one part of the area than
the other, these forms will he kept more pure wherever
this  greater infertility prevails, will therefore lave an
advantage at ench reenrring period of severe struggle for
existence, and will thus ultimately supplant the less infertile
or completely fertile forms that may cxist in other portions
of the aren. It thus appears that, in such a case as here
supposed, natural selection would preserve those poriions of
the two breeds which were most infertile with cach other, or
whose hybrid offspring were most infertile; and would,
thercfore, if variations in fertility continued. to arise, tend to
inercase that infertility. It must particularly be noted that
this effect would result, net by the presorvation of the
infertile variations on account of their infertility, but by the
inferiority of the hybrid offspring, both as being fewer in
uumbers, less able to continue their mice, and less adapted to
the conditions of existence than either of the pure forms, It
iy this inferiority of the hybrid offspring that is the essential
point ; and as the number of these hybrids will be per-
nanently less where the infertility is greatest, therefore those
portions of the two forms in which infertility is greatest will
huve the advantage, and will ultimately survive in the struggle
for existence,

The differentintion of the two forms into distinet species,
with the increase of infertility between them, would be
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greatly assisted by two other important factors in the
problem. It has already heen shown that, with each
modification of form and hahits, and especially with modifica-
tions of colour, there arises a disinelination of the two forms
to pair together; and this would produee an amount of
isolation which would greatly assist the specialisation of the
forms in adaptation to their different conditions of life,
Aguin, evidence has heen adduced that change of conditions
or of mode of lifc s a potent cause of disturbance of the
reproductive system, and, consequently, of infertility. We
may therefore assume that, as the two forms adopted more
and more different modes of life, and perbhaps acquired also
decided peculiaritics of form and coloration, the infertility
between them would inercase or become more general ; and as
we have secen that every such increase of infertility woulid
rive that portion of the speeies in which it arese an advantage
over the remaining portions in which the two varieties were
more fertile together, all this induced infertility wonld main.
tain itself, and still further inerease the generul infertility be-
tween the two forms of the species.

It follows, then, that specialisation to separate conditions
of life, differentiation of external characters, disinclination to
eross-unions, and the infertility of the hybrid produce of these
unions, would all proceed pari passy, and would ultimately
lesd to the production of two distinet forms having all the
eharacteristics, physiological as well as structural, of true
species.

In the case now discussed it has been supposed, that some
amount of general infertility might arise in correlation with
the different modes of life of two varieties or incipicnt
species. A considerable body of facts already adduced
renders it probable that this is the mode in which any
widespread infortility would arise; and, if so, it has bheen
shown that, iy the influence of natural selection and the
known laws which affect varieties, the infertility wounld be
gradually inereased. Dut, if we suppose the infertility to
arise sporadieally within the two forms, and to affect only a
small proportion of the individuals in any area, it will he
difficult, if not impossible, to show that such infertility would
have any tendency to increase, or would produce any but a
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prejudicial effect. If, for example, five per cent of each
form thus varied so as to be infertile with the other form,
the result would be hardly perceptible, becanse the individuals
which formed eross-unions and produced hybrids would con-
stitute n very small portion of the whole species; and the
hyhrid offspring, being at a disadvantage in the struggle for
existence and being themselves infertile, would soon die out,
while the much more numerons fertile portion of the two
forms would increase rapidly, and furnish a sufficient number
of pure-bred oitspring of each form to take the placo of the
somewhat  infertor  hybrids Dbetween  them whenever the
struggle for existenee hecame severe.  We must suppose that
the nornwl fertile forms would transmit their fertility to their
progeny, and the few infurtile forms their infertility ; but
the kutter would necessarily Iose half their proper increase
by the sterility of their hybrid offspring whenever they
crossed with the other form, and when they bred with their
own form the tendeney to sterility would die out except in
the very minute proportion of the five per cent (one-twentieth)
that chance wonld lead to pair together.  Under these
cirenmstauniees the ineipient sterility hotween the two forms
would rapidly he eliminated, and could never rise much above
the nunbers which were produced by sporadic variation each
year.

It was, probably, by o eonsideration of some such ense ag
this that Mr. Darwin ecame to the conclusion that infertility
arising between incipient species could not be inereased hy
natural selection ; and this is the more likely, as he was
always disposed to minimise hoth the frequency and the
smount cven of structural variations.

We have yet to netice another made of action of natural
selection in favouring and perpetuating any infertility that
may arise between two incipient species.  If several distinet
gpeeies are nndergoing maodification at the same time and in
the swme arca, to adapt them to some new conditions that
have urisen there, then any speeies in which the struetural or
colour differences that have arisen hetween it and its varieties
or close allies were correluted with infertility of the crosses
between them, would have an advantage over the corre-

sponding viricties of other species in which there was no such
N
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physiological poeuliarity.  Thus, ineipient species which were
infertile together would have an advantage over other
inciptent spectes which were fertile, and, whenever the
struggle for existence became severe, would prevail over them
and take their pluce.  Such infertility, being correlated with
constititional or structural differences, would probably, as
already suggested, wo on increasing as these differences
inercased ; and thns, by the time the new species became
fully ditferentiated from its purent form {or hrother variety)
the infertility might have heecome as well marked as we
usually find it to be hetween distinet, speeies,

This discussion has lod us to some conclusions of the greatest
importance as hearing on the diffieult problem of the canse of
the sterility of the hylwids hetween distinet species.  Aecept-
ing, us highly proballe, the fact of vaviations in fertility
ocenrring in correlation with variutions in habits, colour, or
structure, we see, that so long us such variations oceurred only
sporadically, and affected hut o small propovtion of the in-
dividuals in any arca, the infertility could not he incrensed by
natural selection, but would tend to die out almost as fast as
it was produced. If, however, it was so closely eorvelated
with physical variations or diverse modes of life as to
affect, even in a small degree, o considerable proportion of
the individnals of the two forins in definite arcas, it wonld
he preserved hy natural selection, and the portion of the
varying species thus affected would inerease at the expense of
those portions which were more fertile when crossed.  Fach
further variation towards infertility between the two forms
would be agatn preserved, and thus the lseipient infertility
of the hylntd offspring might be increased till it hecame so
great as almost to amount to sterility.  Yet further, we have
seen that if several eompeting speeies in the same area were
heing simultaneonsly modified, those hetween whose varietics
infertility arose wounld have an advantage over those whose
varieties remained fertile infer se, and wonld nltimately sup-
plant them.

The preceding argument, it will be seen, depends entirely
upon the assumption that some amount of infertility char-
acterises the distinet varictios which are in process of
differentiation into species; and it may be ohjected that of
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such infertility there is no proof. This is admitted ; but it is
urged that facts have been adduced which render such
infertility probable, at least in some cases, and this is all
that is requived. 1t is by no mens necessary that ell varietics
should exhibit incipient infertility, hut only some varicties;
for we know that, of the innumerable varieties that oceur
but fow hecome developed into distinet speeics, and it may be
that the absence of infertility, to obviate the effects of inter-
crossing, 18 one of the nsnual canses of their failure, All 1
have attempted to show 1s, that when incipient infertility does
oceur in corrclution with other varictal differences, that in-
fertility ean be, and in fact nmst be, inereased by natural
selection ; and this, it appewrs to me, is a decided step in
advance in the solution of the prohlent.!

L As this argumeant is 2 rather difficult oue to follow, while its theorctical
importanee 3 very great, 1add here the Tollowmyg briefer exposition ot it, in a
series of proposittons ; beng, with a few verbal alterations, & copy of what 1
wrote on ihe subject abont twenty years back.  Sowe readers may flnd this
casier to follow than the foller disenssion in the text :-—

e Steciliby of Hybeids Bove beew Prodieeed by Nalweal Seloction ?

1. St there bea speeies which has variad into foe forms eacl adapted 1o
cevtain existing conditions better than the purent form, which they soon
supplimt.

2, If these fwo forms, whieh are supposed to coexwst in the sune
district, do not infereross, natural seleetion will acguinelate wll favourable
variations il they become well suited 1o thar comlitions of e, and form
two slightly differing species,

3. Butf these fun fourms freely interevoss with cach other, and produce
Tiyhrids, wieeh are also quite ferlile inter se, then the formation of the {we
distinet races or species will e retarded, or perhaps entirely prevented ; for
the offspring of the erossed vuions will be wiore wyorows owing to the cross,
althougly Iess wdapled to theiv conditions of Jife than either of the pure
Lireeds.

4. Now, lel a partial sterility of the hybrids of some considerable propor-
tion of thedo two fortas arise ; awd, ax this wonld probably he Jdue to sowme
special conditions of life, we may fairly suppose it to arise jn sowme <definite
portion of the area occupied by the two forms,

6. The result will be that, m that area, the hylrids (although continually
produced by fivst crosses almost as freely as before) will uot themselves
merease 5o rapidly as the twoe pure torns § and as the two pure forus are, by
the terms of the problem, better suited to their several conditions of 1ife than
the hybrids, they will inevitably inerease move rapidly, and will continually
tend to supplant the hybrids altogether at every reeurrent severe stroggle for
uxistence,

6. We may fairly suppose, also, that as soon as any sterility appears some
dizinclination to eross widons will appear, and this will further tend to the
diwivution of the production of hybrids,
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Physiclogical Selection.

Another form of infertility has been suggested hy Professor
G. J. Romanes us having aided in bringing about the char-
acteristic infertility or sterility of hybrids. It is founded on
the fact, already noticed, that certain individuals of some
gpecies possess what may be termed seleetive sterility-—that is,
while fertite with some individnals of the specics they are
sterile with others, and this altogether independently of any
differences of form, colonr, or structure.  The phenomenon,
in the only form in which it has heen observed, is that of “in-
fertility or alsolute sterility hetween two individuals, each of
which 15 perfectly fertile with all other individuals;” hut M,
Romanes thinks that #it would not he nearly so remarkable, or
physiologically improbable, that such incompatibility should run
through a whole taee or strain.”!  Admitting that this may he

7. In the other part of the area, however, where hybridism oeccurs with
pertect freedom, hiybruds of various degrees may inerease 1l they equal or
even exceed in number the pure species—that 1x, the ineipient species will
I tiable to be swamped by intercrossing,

8. The first vesult, then, of a partial sterility of crosses appearing in one
part of the area ocenpied by the two forms, will he—that the great mnjonty
of the individuals will there eonsist af' the two pure forms ouly, while in the
reinaining part these will he in o minovity,- -whicl is the sawne as saying that
the new physiologivel veriety of the two forins will e beller suited to the
conditiong of oxistence than the remaining portion which bas net varied
physiologieally.

9, But when the struggle for existence heeomes severe, that variety which
is best adapted to the conditions of existenee always supplants that which is
imperfectly mlapted ; therefore, by nalural selechivn the waricties which are
sterile when crossed will beeomne ostablished as the only ones,

10. Now let varialions in the mizount of sterilily amlin the disinelination
fo crossed wilvas continue to oveur—also in certain parts of the area: exactly
the same result must reenr, amd the progeny of this new physiologienl varicty
will in time oceupy the whole arca.

11, TPhere is yet another cousideration that would facilitate ihe process.
Tt seems probable that the steridity weriutions would, to sone extent, eoncur
with, and perhaps depend upon, the specific reriafions so that, just i propor-
tion as the tion forms diverged and hecame better adapted to the couditiony of
vxistence, they would become more sterile when interevessed.  If this were
the ease, then natural sclection would act with donble strength ; and these
which were better adapted to survive Loth structurally and physiotogically
wonld certainly do wo.

1 Cases of this kind are referred fo at p. 155, Tt musi, hawever, Lie noted,
thiat such sterility in frst erosses appewrs to be equally rave between different
apecies of the same genug ag bhetween individuals of the same species,  Mules
and other bybrids are frecly produced between very distinet specics, but are
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so, though we have at present no evidence whatever in
support of it, it remains to he eonsidered whether such physio-
logical varietics could muintain themselves, or whether, as in
the enses of sporadie infertility alveady discissed, they would
neeessarily die out unless corvelated with useful characters,
Mr. omanes thinks that they would persist, and urges that
“swhencver this one kind of variation ocewrs i ennnot escape
the presereing wgency of physiologienl selection,  Henee, even
if it be granted that the variation which affects the re-
produetive system in this particular way is o variation of
comparatively rare oceurrence, still, as it mwst olways e
preserved whenever it does ocenry its influenee in the manu-
facture of specific types mnst be cunududive”  The very positive
stutements which T have italicised wonld leawd most readers to
hielicve that the alleged fact had been demonstrated by a
careful wirking ont of the provess in some definite supposed
cases.  This, however, hias nowhere heen done in Mr. Remanes’
paper ; and as it 1s fhe vital theoretical point on which any
possible value of the new theory rests, and us it appears so
opposed to the selfdlestructive offects of simple infertility,
which we have alrendy demonstrated when 16 oceurs between
the intermingled portion of two varieties, it must he cavefully
examined.  In doing so, T will suppese that the required
virfation is not of “pure ocemreence,” Tut of considerable
amount, and that it appears afresh cach year to about the
same extent, thus giving the theory every possible advantage.

Tet us then suppuse that o given spectes consists of 100,000
individuals of each sex, with only the usual amount of
luctuating external vaviability.  Let a physiological variation
arise, so that 10 per cent of the whole number—10,000
individuals of ecach sex—while remaining fertile infer se
heeome quite sterile with the remaiuing 90,000.  This
peculinrity is not correlated with any external differences of
themselves infertile or quite sterile ; and it is this infertility or sterility of the
Nybrids that is the eharacteristic—and was once thought to be the eriterion
—of species, nol the sterility of their first crosses,  Henee we should not
expect to find any constant infertility in the first crosses between the distinet
strains or varietivs that formed the starting- point of new speeies, but only a
slight amount, of infertility in thew mongrel offspring. it follows, that Mr.
Romanes’ theory of Physudupical Selection—which asswmes stenlity or in-

fertility between first crosses a3 the fundamental fact in the origin of species
—does nob aceord with the genersl pheuomena of hybridism in uature,
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form or colour, or with inherent peculiarities of likes or
dislikes leading to any choice as to the pairing of the two sets
of individuals. We have now to inguire, What would be the
result ?

Taking, first, the 10,000 pairs of the physiological or
abnormal varicty, we fimd that each male of these might
pair with any ono of the whole 100,000 of the opposite
sex. If, therefore, there was nothing to it their choice
to particular individuals of either variety, the prolullities
are that 9000 of them would pair with the opposite varicty,
and only 1000 with their own variety—that is, that 9000
would form sterile unions, and only one thousand wonld form
fertile unions.

Tuking, next, the 90,000 normal individuals of cither sex,
we find, that cach male of these has also o choiee of 100,000
to pair with. The probabilities are, thercfore, that nine-
tenths of them—that is, 81,000-—would pair with their
normal fellows, while %000 would pair with the opposite
abnormal variety forming the ahove-mentioned sterile unions.

Now, as the number of individuals forming a speeies
remains constant, gencrally speaking, from year to year, wo
shall have next year also 100,000 pairs, of which the two
physiological varictics will he in the proportion of eighty-one
to one, or 98,180 pairs of the normal variety to 12207 of
the ahnormal, that heing the proportion of the fertile unions
of cach. In this year we shall find, Ly the same rule of
probabilities, that only 15 males of the abnormal variety will
pair with their like and he fertile, the remaining 1205 forming
sterile unions with some of the normal variety. The follow-
ing year the total 100,000 pairs will consist of 99,984 of the
normal, and only 16 of the abnormal variety ; and the prob-
abilities, of course, are, that the whole of these lutter will
pair with some of the enormous preponderance of normal
individuals, and, their unions being sterile, the physiologienl
variety will become extinet in the third year.

If now in the secomd and each succeeding year a similar
proportion as at first (10 per cent) of the physiological variety
is produced afresh from the ranks of the normal variety, tho
same rate of diminution will go on, and it will be found that,

1 The exact number is 1219°51, Lut the fractions arc omitted for clearncss.
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on the most favourable estimate, the physiological variety can
never exceed 12,000 to the 88,000 of the normal form of the
species, as shown by the following table:

Ist Year. 10,000 of phiysiological variety to 90,000 of normal variety.
20, 1,220 + 10,000 again produced.

Al 18 + 1,220 + 10,600 do. = 11,236
4th 0 16+ 1,220 + 10,000 do. - 17,236
5th 0y 16+ 1,220 4 10,000 = 11,286

and so on for any namber of gencrations,

1n the preceding discussion we have given the theory the
advantage of the large proportion of 10 per cent of this very
exeeptional variety arising in its midst year by year, and we
have secn that, even under these fuvowruble couditions, it is
unable to increase its numbers nich above its starting-point,
and that it remains wholly dependent on the continued
renewal of the variety for its existence heyondd o few years.
It appewrs, then, that this form of inter.specific steriliby
cannot be increased by natural or any other known form of
selection, but that it contains within itself its own principle
of destruetion.  If it is proposed to get over the ditticulty by
postnlating a larger percentage of the varicty annually arising
within the species, weo shall not affect the lnw of decrease until
we approach equality in the numbers of the two varieties.
Bat with any such increase of the physiclogical varicty the
gpecies itself would inevitably sutfer by the large propor-
tton of sterile unions in its midst, and would thus be at a
great disadvantage in competition with other species which
were fertile throughout.  Thus, natural selection will always
tend to weed out any species with too great a tendency to
sterility among its own members, and will therefore prevent
stich sterility from becoming the general characteristic of vary-
ing species, which this theory demands should he the case.

On the whole, then, it appears clear that no form of
infertility or sterility hetween the individuals of a species,
can be increased by natural selection unless correlated with
gome useful varintion, while all infertility not so correlated
has a constant tendency to cflfect its own climination. Bui
tho opposite property, fertility, is of vital importance to every
species, and gives the ofispring of the individuals which
possess it, in consequence of their superior numbers, a greater
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chance of survival in the battle of life. It is, therefore,
dircctly nnder the control of natural seclection, which acts
hoth by the self-preservation of fertile wnl the self-destruction
of infertilo stocks—except always where correlated us above,
when they heeome useful, und therefore subject to be inereased
Ly natural selection.

Summary and Concluding Lemarks on Hybridily.

Tho facts which are of the greatest importance to a com-
prehension of this very difficult subject are those which show
the extreme susceptibility of the reproductive system both in
plants aud animals.  We have seen how hoth these classes of
organisms may be rendered infertile, by a change of conditions
which does not affect their general health, by captivity, or
by too close interbreeding.  We have seen, also, that infertility
ig frequently correlated with o difference of colour, or with other
characters ; that it is not proportionate to divergence of
structure ; that it varies in reciprocal crosses hetween pairs of
the same species; while in the cases of dimorphe and tri-
morphie plants the different erosses between the same pair
of individuals may be fertile or sterile at the sume time. It
appears as if fertility depended on such a delicate adjustment
of the male and female clements to cuch other, that, unless
constuntly kept up hy the preservation of the most fertile
individuals, sterility is ulways liable to arise.  This preservation
always occurs within the limits of each specics, both beeanse
fertility is of the highest importance to the continuance of the
race, and also heeause sterility (and to aless extentinfertility)
is self-destructive as well as injurious to the specics.

So long therefore as a species remains undivided, and in
oceupation of a continuous area, its fertility is kept up by
natural selection ; but the moment it Decomes sepurated,
either by geographical or selective isolation, or by diveisity
of station or of habits, then, while each portion must he kept
fertile infer se, thore is nothing to prevent infertility arising
between the two separated portions.  As the two portions
will necessarily exist under somewhat different conditions of
life, and will usually have acquired some diversity of form and
colour—both which circumstunces we know to he cither the
cause of infertility or to Le correlated with it,—the fact of
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some degree of infertility usually appearing between closely
allied but loeally or physiologically segregated species is exactly
what we should expect.

"The reason why varicties do not usually exhibit a similar
amount of infertility is not difticult to explain.  The popular
conclusions on this matter have heen drawn chiefly from what
ocours wmong domestic animals, and we have seen that the
very first ossential to their becoming domestieated was that
they should continue fertile under changed conditions of life.
During the slow process of the formation of new varieties by
coiseions or unconscious sclection, fertility has always been
an essentinl character, and has thus been invariably preserved
or mcreased ; while there is some evidence to show that
domestication itself tends to increase fertility,

Among plants, wild species and varieties have heen niore
frequently experimented on thun among animals, and we
accordingly find nmmerous eases in which distinet species of
plants are perfcetly fertile when crossed, their hybrid offspring
bLeing also fertile inter se. Wo also find some few examples of
the converse fact—varicties of the same species which when
erossed are infertile or even sterile.

The idew that either infertility or geograplical isolation is
absolutely essential to the formation of new species, in order
to prevent the swamping effects of intercrossing, has been
shown to be unsownd, beeause the varieties or incipient
speeies will, in most eases, he safficiently isolated Dby
having adopted different habits or by frequenting different
stations ; while selective association, which is known to be
greneral among distinet varietios or breeds of the same species,
will produce an effeetive isolation even when the two forms
ocenpry the same area.

I'rom the various considerations now adverted to, Mr.
Darwin arrived at tho conclusion that the sterility or in-
fertility of species with ench other, whether manifested in the
difficulty of obtaining first erosses between them or in the
sterility of the hybrids thus obtained, is not n constant or
necessary result of specific difference, but is incidental on
unknown peculiarities of the reproductive system,  These
peeuliaritics constantly tend to arise under changed conditions
owing to the extreme suscoptibility of that system, and they
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are usually correlated with variations of form or of colour.
Henee, as fixed differences of form and colour, slowly gained
by natural selection in adaptation to changed conditions, are
what essentially characterise distinet species, some amount of
infertility hetween species is the usual result.

Here the problem was left by Mr. Darwin; but we have
shown that its solution may he cartied a stop further.  If we
aceept the association of some degree of infertility, however
slight, as u not unfrequent wccompaniment. of the external
differences which always arise in a state of nature hetween
varictics and ineipient species, 1t has been shown that natural
sclection has power to increase thut infertility just as it has
power to increase other favourable variations. Such an in
creasc of infertility will be heneficial, whenever now species arise
in the same area with the parent form; and we thus sec
how, out of the fluctuating and very unequal amounts of infer-
tility correlated with physieal wvariations, there may have
arisen that larger and more constant amount which appears
usually to characterise well-marked species,

The great body of facts of which a condensed nceount has
hecn given in the present chapter, although from an experi-
mental point of view very insufficient, all point to the general
conclusion we have now reached, and afford us a not unsatis-
factory solution of the great problem of hybridism in relation
to the origin of species by means of natural selection.  Further
experimental research is needed in order to complete the
clucidation of the subject; but until these additional facts are
forthcoming no new theory seems required for the explunation
of the phenomena.



CIHAPTELR VIII
THE ORIGIN AND USES OF COLOUIR EN ANIMALS

The Darwinian theory theew new lght on organie colour—The problem to
Le solved—The constaney of animal colour indicates utility —Colour
and enviconment— Arclic animals white—Exceptions prove the rule—
Desert, lorest, nocturnal, and ccennic avimals—~General theories of
animal colour— Variable protective colowring—3Mr, Poultow’s experi-
ments—Speeial or leeal colour adaptations—Imitation of particular
objects-~ITow they have been produced—Special protective colouring
of butterfhies—Proteetive rescinblance among murine animals—Ero-
tection by terrifying enemies—Alluring coloration—The coloration
of binds' eggs—Colomr as & means of recognition-—Summary of the
preceding exposition—Influence of loeality or of climate on colour-—
Concluding remarks.

AMONG the numerous applications of the Darwinian theory
in the interpretation of the complex phenomena presented by
the organic world, none hive been more suceessful, or are more
interesting, than those which deal with the colours of animals
and plants,  To the older school of naturalists colour was a
trivial character, eminently unstable and untrustworthy in the
determination of specics; and it appearced to have, in most cases,
no use or meaning to the objects which displayed it.  The
bright and often gorgeous coloration of inseet, bird, or tlower,
was cither looked upon as having been created for the enjoy-
ment of mankind, or as due to unknown and perhaps undis-
coverable laws of nature.

But the rescarches of Mr. Darwin totally changed our point
of view in this matter., He showed, clearly, that some of the
colonurs of animals are useful, some hurtful to them ; and he
helieved that many of the most brillisnt eolonrs were developed
by sexual choiee; while his great general prineiple, that all
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the fixed characters of organic beings have heen developed
under the action of the law of utility, led to the inevitable
conclusion that so remarkable and conspicuous a charucter as
colour, which so often constitutes the most ohvious distinction
of speeies from species, or group from group, must also have
arisen from survival of the fittest, and must, thercfore, in most
cases have some relation to the wellbeing of its possessors.
Continuous observation and research, carried on by multitiudes
of ohservers duving the last thirty years, have shown this to
be the case; bhut the problem is found to he far more complex
than was at first supposed.  The modes in which colour is of
use to different classes of organisms is very varied, and have
probably not yet been all discovered ; while the infinite variety
and marvellous beanty of some of its developments are sich
us to render it hopeless to arrive at a complete and satisfuctory
explanation of every individual case.  So mueh, however, has
been achieved, so muny curious facts have heen explained, and
so much light has been thrown on some of the most obseure
phenomena of mature, that the subject deserves a prominent
place in any account of the Darwinian theory.

The Problem to be Soleed.

Before dealing with the yarious modifications of colour in
the animal world it is necessary to say o few words on colonr
in general, on its prevalence in nature, and how it is that the
colours of animals and plants require any special explanation.
What we term colour is a subjective phenomenon, due to the
constitution of our mind and nervous gystem ; while, objectively,
it eonsists of light-vibrations of different wavelengths emitted
by, or reflected from, varicus objects. Every visible object
must be coloured, becauso to he visible it must send rays of
light to our eye. The kind of light it sends is modified by the
molecular constitution or the surface texture of the object.
Pigments absorb certain rays and refleet the remainder, and
this reflected portion has to our eyes a definite colour, aceording
to the portion of the rays constituting white light which are
absorbed. Interference colours are produced either hy thin
films or by very fine striee on the surfaces of bodics, which
canse rays of certain wave-lengths to neutralise each other,
leaving the remainder to produce the effects of colour. Such
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are the colours of soap-bubbles, or of steel or glass; on which
extremely fine lines have Leen ruled; and these colours often
produce the cffect of metallic lustre, and aro the cause of most
of the metallic hues of hirds and inseets.

As colour thus depends on molecular or chemieal eonstitution
or on the minute surface texture of bodies, and, as the matter
of which organic beings are eomposed consists of chemieal com-
pounds of great eomplexity and extreme instability, and is also
subject to innumerable chunges during growth and development,
we might naturally expect the phenomena of colour to he more
varied here than in less complex and more stable compounds,
Yet oven in the inorganic world we find abundant and varied
colours ; in the carth and in the water; in metals, gems, and
minerals ; in the sky and in the ocean ; in sunset elouds and in
the many-tinted rainbow. Here we can have no question of
use to the colowred objeet, and almost as little perhaps in the
vivid red of blood, in the brilliant colours of red snow and
other low algee and fungi, or even in the universal mantle of
green which elothes so largo a portion of the earth’s surface,
The prosence of some colour, or even of many lirilliant colours,
in animuls and plants would require no other explanation than
does that of the sky or the ocean, of the by or the emerald
—that 1is, it would vequire a purcly physical explanation
only, It is the wonderful individuality of the colours of animals
and plants that attracts our attention—the fact that the colours
are localised in definite patterns, sometimes in accordance with
structural characters, sometimes altogether independent of
them ; while often differing in the most striking and fantastie
manner in allied speeies.  We are thus compelled to look
upon colonr not merely as a physieal but also as a biologieal
characteristie, which has been differentinted and specialised
by natural selection, and must, therefore, find its explanation
in the prineiple of adaptation or utility.

The Constaney of Andmal Culonr indicates Ubilify,

That tho eolonrs and markings of animals have heen
acquired under the fundamental ]dw of utility is indicated by
a general fuct which hus received very little attention. Asa
rule, eolour and marking are constant in ench species of wild
animal, while, it almost every domesticuted animal, there arises
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great variability. We sce this in our horses and eattle, ont
dogs and cats, our pigeons and poultry. Now, the essential
difference hetween the conditions of life of domesticated and
wild animals is, thut the former are protected by man, while
the latter have to protect themselves,  The extreme variations
in colour that immediately arise under domestication indicate
a tendency to vary in this way, and the occasional oceurrence
of white or picbald or other exceptionally coloured individuals
of many species in a state of nature, shows that this tendeney
exists there also; and, as these exceptionally eoloured in-
dividuals rarely or never increase, there mmst he some con-
stant power at work to keep it in check.  This power can
only be natural selection or the survival of the fittest, which
again implies that some colours wre nseful, some injurtous, in
each particular ease. With this principle as our gnide, let
us see how far we can account both for the general and
special colours of the unimal world.

Colour and Environment.

The fact that first strikes ws in owr examination of the
colours of animals as a whole, is the close relation that exists
between these colours and the general envivonment.  Thus,
white prevails among arctic animals ; yellow or hrown in desert
species ; while green is only a eommon colour in tropical ever-
green forests.  If we consider these cases somewhat carefully
we shall find, that they afford us excellent materials for forming
a judgment on the varions theories that have heen suggested
to account for the colours of the animal world.

In the arctic regions there are a number of animals which are
wholly white all the year round, or which only turn white in
winter. Among the formar are the polar bear and the American
polar hare, the snowy owl and the Greenland falcon ; among
the lutter the arctic fox, the arctic hare, the ermine, and the
ptarmigan. Those which are permanently white remain among
the snow nearly all the year round, while these which change
their colour inhabit regions which are free from snow in
summer. The obvious explanation of this style of coloration
is, that it is protective, serving to coneeal the herbivorous specics
from their enemies, and enablingcarnivorous animals to approach
their prey unperceived, Two other explanations have, how.
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ever, been suggested,  One ig, that the prevalent white of the
arctic regions has a direct effect in producing the white colour
in ammals, either by some photographic or chemical action on
the skin or by o reflex action through vision. The other is,
that the white colour is chiefly beneficial as a means of checking
radiation and so preserving animal heat during the severity of
an arctic winter. The first is part of the general theory that
colour is the effect of coloured light on the objects-—a pure
hypothesis which has, T believe, no facts whatever to support
it,  The sccond suggestion is also an hypothesis merely,
sinee it hus not h(,cn proved by experiment that a white
eolour, per s, independently of the fur or feathers which 1s so
colvnred, has uny effeet whatever in checking the radiation of
low-grade heat like that of the animal body.  But Loth alike
aro sufficiently disproved by the interesting exceptions to the
rule of white coloration in the arctic regions, which excoptions
are, nevertheless, quite in harmony with the theory of pro-
tection.

Whenever we find arctie animals which, from whatever
cause, do not requive protection by the white colour, then
neither the eold nor the snow-glare has any effect upon their
coloration. The sable retains its rich brown fur throughout
the Siberian winter ; but it frequents trees at that season and
not only feeds partially on fruits or sceds, but is able to
eatch birds among the branches of the fir-trees, with the bark
of which its colour assimilates. Then we have that thoroughly
arctic animal, the musk-sheep, which is brown and conspicuous ;
but this animal is gregarious, and its safety depends on its
association in small herds. It s, thercfore, of more im-
portance for it to be able to recognise its kind at a distance
than to be concealed from its encmies, against which it can
well protect itself so long as it keeps together in u compact
body. But the most striking example is that of the common
raven, which is a true arctic bird, and is found even in
mid-winter as far north as any known bird or mammal
Yet it always retains its black coat, and the reason, from our
point of view, is obvious. The raven is a powerful hird
and fears no enemy, while, being a carrion-feeder, it has no
need for eoncealment in order to upproach its prey. The
colour of the raven and of the musk-shecp are, thercfore,
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both inconsistent with any other theory than that the white
colour of aretic animals has been acquired for concealment,
and to that theory both afford a strong support. Here we
have a striking example of the exception proving the rule.

In the desert regions of the carth we find an even more
general accordance of colour with surroundings.  The lion,
the camel, and all the desert antelopes have more or less the
colour of the sund or rock among which they live. The
Egyptian cat and the Pampas cat are sandy or carth coloured,
The Australian kangaroos are of similar tints, and the
original colonr of the wild horse is supposed to have been
sandy or elay colowred. Bivds are equally well protected”
hy assimilative hues; the larks, quails, goatsuckers, and
grouse which abound in the North African and Asiatic deserts
are all tinted or mottled so as closely to vesemble the average
coloir of the soil in the districts they inhabit. Canon
Tristram, who knows these regions and their natural history
go well, sayg, in an often quoted passage: “In the desert,
where ncither trees, hrushwood, nor cven undulations of
the surface afford the slightest protection to its foes, a
modification of colour which shall be assimilated to that of
the surrounding country is absolutely necessary.  Tlence,
without exception, the upper plnmage of every hird, whether
lark, chat, sylvain, or sand-grouse, and also the fur of all the
smaller mammuals, and the skin of all the snakes and Hzards,
is of one uniform isabelline or sand colowr.”

Pasging on to the tropical regions, it is wmong their
evergreen forests alone that we find wholo groups of hirds
whose ground colour is green.  Parrots are very gencrally
green, and in the Kast we have an cxtensive gronp of green
fruit-eating pigeons; while the barbets, bee-caters, taracos,
leaf-thrushes (Phyllornis), white-eyes (Zosterops), and many
other groups, have so much green in their plumage as to tend
greatly to their concealment amonyg the dense foliage.  There
can be no doubt that these eolours have heen aequired as a
protection, when we sec that in all the temperate rogions,
where the leaves are decidnous, tho ground colour of tho
groat majority of Dirds, especially on the upper surface, is n
rusty brown of varicus shades, well corresponding with the
bark, withered leaves, ferns, and bare thickets among which
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they live in autumn and winter, and especially in carly spring
when so many of them huild their nests.

Nocturnal animals supply another illustration of the same
rile, in the dusky colours of mice, rats, bats, and moles, and in
the soft mottled plumage of owls and goatsuckers which,
while almost equally inconspicuous in the twilight, are such as
to favour their concealment in the daytime,

An additional iMustration of general assimilation of eolour

to the snrroundings of animaly, is furnished by the inhahitants
of the doep oceans,  Drofessor Moseley of the Chullenger
Sxpedition, in his British Association lecture on this subjeet,
says: “ Most characteristic of pelagic animals iz the almost
crystalline transparency of their hodies.  So perfeet is this trans-
parency that very many of them are renuderad almost entirely
invisible when fleating in the water, while some, even when
canght and held up in a glss globe, are hardly to be scen.
The skin, nerves, museles, and other organs arve ahbsolutely
hyaline and transparent, but the liver and digestive tract
often remain opagque and of a yellow or brown colour, and
exuctly resemble when secen in the water small picees of
floating seaweed.”  Such marine organisms, however, as
are of lavger size, and either oceasionally or habitually float
on the surface, are heautifully tinged with blue above, thus
harmonising with the colonr of the sew s scen by hovering
birds ; while they are white below, and are thus invisible
against the wavefoam and clonds as seen by enemies beneath
the surface.  Such are the tints of the beantiful nudibranchiate
molluge, Glanens atlanticus, and many others.

General Theovies of Animal Colour.

We are now in a position to test the general theories, or,
o speuk more correetly, the popular notions, as to the origin
of animal eoloration, before proceeding to apply the principle
of utility to the explanation of some among the many
extraordinary manifestations of colour in the amimal world,
The most generally received theory undoubtedly is,\that
brillianey and varicty of colour are due to the direct action
of light and heat;%n theory no doubt derived from the
abundance of hright-coloured birds, insects, and flowers
which are brought from tropical regions.  There are, however,

G
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two strong arguments against this theory. Wa have already
scen how generally bright coloration is wanting in desert
animals, yet here heat and light are hoth at o maximum,
and if these alone were the agents in the production of
colonr, desert animals should be the most brilliant.,  Again,
all naturslists who have lived in tropical regions know that
the proportion of bright to dull coloured species is little if
any greater there thun in the temperate zone, while there are
many tropical groups in which bright colours arc almost en-
tirely unknown. No part of the world presents so many
briliant Dbirds as South Americs, vet there arve cxtensive
families, containing many hundreds of speeies, which ave as
plainly eoloured ns our average temperate birds.  Such are the
families of the bush-shrikes and ant-thrushes (Formicariidme),
the tyrant-shrikes (1'yrannidw), the American creepers (Den-
drocolaptida), together with a large proportion of the wood-
warblers (Mniotiltide}, the finches, the wrens, and some other
groups. In the eastern hemisphere, also, we h‘we the habhling-
thrushes (Timaliidae), the enckoo-shrikes (Campephagidae), the
honey-suckers {Meliphagid:), and several other smaller groups
which are certainly not coloured ahove the average standard
of temperate birds.

Again, there are many families of birds which spread over
the whole world, temperate and tropical, and among these the
tropical species ravely present any exceptional hrillinney of
colour. Such arc the thrushes, goatsuckers, hawks, plovers,
and ducks; and in the Jast-named group it s the temperate
and arctic zones that afford the most brilliunt coloration,

The same general facts are found to prevail among insects,
Although tropical insects present some of the most gorgeous
coloration in the whole realm of mature, yet there aro
thonsands and tens of thousands of species which are ag dull
coloured as any in our cloudy land. The extensive fumily of
the carnivorous ground-heetles {Carabidie) attaing its greatest
brilliancy in the temperate zone; while by far the larger
proportion of the great families of the longicorns and the
woevils, are of obscure colours even in the tropics. In hutter-
flies, there is undoubtedly a larger proportion of brilliant
colour in the tropics; but if we compare families which are
almost cqually developed over the globe—as the Picride or
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whites and yellows, and the Satyridae or ringlets——we shall find
no great disproportion in colowr between those of temperate
and tropical regions.

The various facts whieh have now briefly heen noticed are
sufficient to indicato that the light and heat of the sun are
not the direet canses of the colours of animals, although they
may favour the production of colonr when, as in tropical
regions, the persistent high temperature favours the develop
ment of the maximam of life. We wiil now consider the
next suggestion, that light reflected from surrounding eoloured
objeets tends to produce cotresponding colours in the animal
worldy

This theory is founded on a number of very curious facts
which prove, that snch a ehange does sometimer occur and is
directly dependent on the eclonrs of surronnding objects ; ut
these facts are comparatively rare and exceptional in their
nature, and the same theory will certainly not apply to the in-
finitely varied colours of the higher animals, many of which
are exposed to a constantly varying amount of light and
colour dwuring their active existence. A brief sketeh of these
dependent changes of colour may, however, be advantageously
given here.

Fuarvinble Profective Colouring,

There are two distinet kinds of change of colour in animals
due to the colouring of the environment. In one case the
change is cansed by reflex action set up by the animal secing
the colonr te be imitated, and the ehange produced can he
altered or repeated as the animal changes its position.  In the
other case tho change occurs but once, and iz prohably not
due to any conscious or sense action, but to some direct in-
fluenee on the surface tissues while the creature is undergoing
a. moult or change to the pupa form.:

The most striking example of the first class is that of the
chameleon, which changes to white, bhrown, yellowish, or
groen, according to the colour of the object on which it rests,
This change is brought about hy means of two layers of
pigment cells, deeply seated in the skin, and of bluish and
vellowish colours. By suitable muscles these cells ean be
forced upwards so as to modify the colour of the skin, which,
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when they are not brought into action, is a dirty white
These animals arc excessively shuggish and defenceless, and the
power of changing their colour to that of their immediate sur-
roundings is no doubt of great service to them. Many of the
flatfish are also capable of changing their colour aceording to
the eolour of tho hottom they rest on; and frogs have a
gimilar power to a limited extent. Some crustacen also
change colour, nnd the power is much developed in the
Chameleon shrimp (Mysis Cham:leon) whieh is gray when on
sand, but brown or green when among brown or green seaweed.
It has been proved by experiment that when this animal is
blinded the change docs mot occur, In all these cases,
therefore, we have some form of reflex or sense action by
which the change is produeed, probably by means of pigment
cells heneath the skin as in the chameleon.

The second class consists of certain larve, and pupee, which
undergo changes of colour when exposed to  differently
coloured surroundings.  This subject has been carcfully
investigated by Mr. E. B. Poulton, who has communicated
the results of his experiments to the Royal Society. It had
been noticed that some species of Iarvae which {ed on several
different plants had eolours more or less eorresponding to the
particular plant the individual fed on. Numerous cases are
given in Professor Meldola’s article on * Variable Protective
Colouring” (Proc. Zool. Svc, 1873, p. 153), and while the
general green coloration was attributed to the prescnee of
chlorophyll beneath the skin, the partienlar change in corre-
spondence to each food-plant was attributed to a special
function which had been developed by natural selection.
Later on, in a note to his translation of Weissmann’s Theory
of Descent, Professor Meldola seemed disposed to think that
the variations of colour of some of the species might be
phytophagie-—that is, due to the direct action of the differently
eoloured leaves on which the insect fed. Mr. Poulton’s
experiments have thrown much light on this question, since he
has conclusively proved that, in the case of the sphinx cater-
pillar of Smerinthus ocellatng, the change of colour is not duo
to the food but to the coloured light reflected from the leaves.

1 Proceedings of the Royal Society, No, 243, 1888 ; Transactions of the Royal
Sociely, vol. clzxviii, B. pp, 311-441.
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This was shown by feeding two sets of larve on the sume
plant hut exposed to diffierently eoloured swrroundings,
obtained by sewing the leaves together, so that in one case
only the dark upper surface, in the other the whitish under
surface wus exposed to view. The result in each case was a
corresponding change of colour in the larve, confirming the
experiments on  different individuals of the same batch of
larvee which had been supplied with different food-plants or
exposed to a diffurent coloured light.

An even more interesting sevies of experiments was made
on the eolours of pupm, which In many cases were known to
bo affected by the material on which they underwent their
transformations. The late Mr. T. W. Wood proved, in 1867,
thut the pupe of the common cahbage butterflies (Pieris
brassicoe and . rapm) were either light, or dark, or green, ae-
cording to the colonred boxes they were kept in, or the colours
of the fences, walls, ete., against which they were suspended.
Mrs. Barber in South Africa found that the pupe of Papilio
Nireus underwent a similar change, being deep green when
attached to orange leaves of the same tint, pale yellowish-green
when on a branch of the bottle-brush tree whose half-dried
leaves were of this colonr, and yellowish when attached to
the wooden frame of a box. A few other observers noted
similar phonomena, but nothing more was done il Mr.
Poulton’s claborate series of experiments with the larva of
several of our common butterflies were the means of clearing
up several important points,  He showed that the action
of the eoloured light did not aflect the pupa itself but the
larva, and that only for o limited period of time. After
a eaterpillar has done feeding it wanders abont sceking a
snitable place to undergo its transformation.  When this is
found it rests quietly for o day or two, spinning the web from
which it is to suspend itself ; and it is during this period of
quicscence, and perhaps also the first honr or two after its
suspension, that the action of the swrrounding coloured
surfaces detormines, to a considerable extent, the colour of
the pupa. By the application of various surrounding eolours
during this period, Mr, Poulton was able to modify the colour
of tho pupa of tho common tortoise-shell busterfly from nearly
black to pale, or to a brilliant golden ; and that of Pieris rapm
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from dusky through pinkish to pale green. It is interesting
to note, that the colours produced were tn all cases such only
as agsimilated with the surroundings usually oceupicd Dy the
species, and also, thut colours which did not ocenr in such sur-
roundings, as dark red ov blue, only produced the same effects
as dusky or Llack,

Careful experiments were made to asecrtain whether the
effect was produced through the sight of the cuterpillar.  The
ocelli were covered with black varnish, bhut neither this, nor
cutting off the spines of the tortoiseshell larva to ascertain
whether they might be sense-organs, produced any effect on
the resulting colour, Mr, Poulton concludes, thervefore, that
the colour-action probably occurs over the whole surfuce of
the body, sctting up physiological processes which resnlt in
the corresponding colour-change of the pupa.  Such changes
are, however, by no means universal, or even common, in
protectively coloured pupw, sinee in Papilio machaon and
some others which have been experimented on, both in this
country and abroad, no change can be produeed aon the pupa
by any amount of exposure to differently coloured surround-
ings. It is a curious point that, with the small tortoise-shell
larva, exposure to light from gilded surfuces produced pupo
with a brilliant golden Iustre ; and the explanation is supposed
to be that mica abounded in the original habitat of the species,
and that the pupa thus obtained protection when suspended
against micaceous rock., Looking, however, at the wide range
of the species and the comparatively limited area in which
micaccous rocks oceur, this seems a rather improbable ex-
planation, and the occurrence of this metallic appearance is
still a difficulty. It dJoes not, however, commonly occur in
this country in a natural state.

The two classes of variable colouring here discussed are
evidently exceptional, and can have little if any relation to
the colours of those more active creatures which are continu-
ally changing their position with regard to surrounding objects,
and whose colours and markings are nearly constant through-
out the life of the individual, and (with the exception of
sexual differences) in all the individuals of the species. We
will now briefly pass in review the various characteristics and
uses of the colours which more generally prevail in nature;
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and having slready discussed those protective colours which
serve to harmonise animals with their general environment,
we have to consider only those cases in whieh the colour
resemblance is more local or spocial in its character.

Speciiel or Locud Colowr Adaplations.

Thig form of colonr adaptation is generally manifested by
markings rather than by colour alone, and is extremely pre-
valent hoth among insccts and vertehrates, so that we shall
be able to notice only a few illustrative cases. Among our
native birds wo have the snipe and woodeock, whose markings
and tints strikingly accord with the dead marsh vegetation
among which they live ; the ptumigan in its summer dress is
mottled and tinted exactly like the lichens which cover the
stones of the higler mountains ; while young nnfledged plovers
are spotted so as exactly to resemble the beach pebbles among
which they crouch for protection, as beautifully exhibited in
one of the cases of British birds in the Natural History
Muscum at South Kensington.

In mammalia, we notico the frequency of ronnded spots on
fovest or tree haunting animals of large size, as the fovest
decr and the forest cats; while those that frequent reedy or
grassy places are striped vertically, as the marsh antelopes
and the tiger. I had long been of opinion that the brilliunt
yellow and black stvipes of the tiger were adaptive, hut have
only recently obtained proof that it is so.  An experienced
tiger-hunter, Major Walford, states in a letter, that the haunts
of tho tiger are invariably fnll of the long grass, dry and pale
yellow for at least nine months of the year, which covers the
ground whorever there is water in the rainy season, and he
adds: “I once, while following up a wounded tiger, failed for
at least a minute to seo him nnder a tree in grass at a distance
of ahont twenty yards—ijungle open—but the natives saw
him, and T eventually made him out well enough to shoot
him, but even then I could not see at what part of him T was
aiming. There can bo no doubt whatever that the colour of
bath the tiger and the panther renders them almost invisible,
especially in a strong blaze of light, when among grass, and
one does not scem to notico stripes or spots till they are
dead.” Tt is the Dblack shadows of the vegetation that
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assimilate with the black stripes of the tiger; and, in like
manner, the spotty shadows of leaves in the forest so
harmonise with the spots of occlots, jaguars, tiger-cats, and
spotted deer as to afford them a very perfect concealment.

In some cases the conccalment is eflected by colowrs and
markings which are so striking and peculiar that no one who
had not seen the creature in its native haunts would imagine
them to be protective. An example of this is aflorded by the
banded fruit pigeon of Timor, whose pure white head and
neck, black wings and back, yellow belly, and deeply-carved
black Dand across the breast, render it a very handsome and
conspicuous bird.  Yet this is what M. H. O. Forbes says of
it: “On the trees the white-headed frmit pigeon (Itilopus
cinctus) sate motionless during the heat of the day in numbers,
on well-exposed branches ; but it was with the ntmost ditfieulty
that I or my sharp-eyed native servant could ever detect them,
even in trees where wo knew they were sitting.”! 'T'he trecs
reforred to are species of Fucalyptus which abound in Timor.
They have whitish or yellowish bark and very open foliage,
and it is the intense sunlight casting black cwrved shadows of
one branch upon another, with the white and yellow bark and
deep blue sky secn through openings of the foliage, that pro-
duces the peculiar combination of colours and shadows to
which the colowrs and markings of this bird have hecome so
closely assimilated,

Even such brilliant and gorgecusly coloured birds as the
sun-birds of Africa are, according to an execellent observer,
often protectively coloured. Mrs. M. E. Barber remarks
that “A easual ohserver would scarccly imagine that the
highly varnished and magnificently coloured plumage of the
various speeies of Noetarinea eould be of service to them, yet
this is undoubtedly the case. The most unguarded moments
of the lives of these birds are thoso that aro spent amongst
the flowers, and it is then that they are less wary than at any
other time. The different species of aloes, which blossom in
succession, form the principal sources of their winter supplics
of food ; and u legion of other gay flowering plants in spring
and summer, the aloo blossoms especially, are all hrilliantly
coloured, and they harmonise admirably with the gay plumage

Y A Naluralist's Waunderings in the Hastern Archipelago, p. 460.
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of the different species of sun-hirds,  Even the keen eye of a
hawk will fail to detect them, so ¢losely do they resemble the
flowers they frequent. 'The sun-hirds are fully aware of this
fuct, for no sooncr have they relinguished the lowers than they
hecome exceedingly wary and eapid in flight, durting arrow-
like through the air and seldom remaining in exposed situtions.
The black sun-bird (Necturinea amethystina) is never absent
from that magnificent forest-tree, the ¢ Kaffiv Boom’ {(Erythrina
cuffra) ; all day long the cheerful notes of these birds may ho
heard amongst its spreading branches, yet the general aspect
of the tree, which consists of a huge mass of scarlet and purple-
black blossoms without a single green leaf, blends and har-
monises with the eolours of the black sun-bird to such an extent
that & dozen of them may be feeding amongst its blossoms
withont being couspicuons, or ¢ven visible,” !

Mome other cases will still further illustrate how the colours
of even very conspicnous animals may be adapted to their
peendiar haunts,

The late Mr. Bwinhoe says of the Kerivoula picta, which
he observed in Formesa: “The hody of this bat was of an
orange colour, hut the wings were painted with orange-yellow
and black. It was caught suspended, head downwards, on a
cluster of tho fruit of the longan treo (Nephelinm longanum).
Now this tree is an evergreen, and ull the year round some
portion of its folinge is undergoing decay, the particular leaves
being, in such a stage, partially orange and black. This bat
can, therefore, at all scasons suspend from its branches and
clude its cnemies by its resemblance to the leaves of the
tree,”*

Fven more enrious is the case of the sloths—defenceless
animalg which feed upon leaves, and hang from the branches
of trees with their back downwards,  Most of the species have
a curions buff-eoloured spot on the hack, rounded or oval in
shape and often with a darker border, which seems placed
there on purpose to muke them conspicuouns; and this wag a
great puzzle to maturalists, beeause the long coarse gray or
greenish hair was cvidently like tree-moss and therefore
protective.  But an old writer, Baron von Slack, in his Poyage

1 Trans, Phil. Soc. (? of S, Africa), 1878, part iv, p, 27,
* Proe. Zool. Soc., 1862 p, 867,
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to Surinom (1810), had already explained the matter. Ha
says: “The colour and even the shape of the hair arve much
like withered moss, and serve to hide the animal in the trees,
but particularly when it has that orange-coloured spot between
the shoulders and lieg close to the tree; it looks then exactly
like a piece of hranch where the rest has been hroken off, by
which the hunters are often deceived.” Fwen such a huge
animal as the girafic is said to be perfectly concealed hy its
eolour and form when standing among the dead and broken
trees that so often occur on the outskirts of the thickets where
it feeds.  The large blotch-like spots on the skin and the
strange shape of the head and horng, like broken lranches, so
tend to its concealment that even the keen-eyed natives have
been known to mistake trees for giraffes or girafles for trees.
Innumerable examples of this kind of protective colouring
ocenr amony inscets ; beetles mottled like the bark of trees or
resembling the sand or rock or moss on which they live, with
green caterpillars of the exact general tints of the foliage they
feed on ; but there are also many cases of detailed imitation of
partieutar objocts by inscets thut must be briefly deseribed.!

Protective Imitution of Particular Objects.

The insects which present this kind of imitation most per-
fectly are the Phasmide, or stick and leaf inscets.  The well-

1 'With reference to this general resemblance of insects Lo their environment
the following vemarks by Mr. Poulton are very instructive. He says:
* Holding the larva of Sphinx ligustri in ene land and a twig of its food-
plant in the other, the wonder we feel is, not at the resemhlanes but at the
diflerence ; we are surprised at the diffienlty experienced in detecting so eon-
gpicuons an object.  And yet the protection is very real, for the larvae will Le
passed over by these who are not accustored to thefr appearance, although the
searcher may be told of the presence of a large caterpnllar.  An experienced
entomelogist may also fail to find the larver till after a considerable search.
This i2 general protective resemblance, and it depends upon & general harmony
between the appearance of the organism and its whole environment, It is
impossible to understand the force of this protection for any larva, without
seeing it on its food-plant and in an entirely normnal condition.  The artistic
effect of green foliage iy mora eomplex than we often imagine; numberless
modifications are wrought by varied lights and shadows upon calours which rre
in themselves far from uniform, In the Jarva of Papilio machaon the pre-
tection is very real when the larva is on the food-plant, and can hardly
be apprecisted at all whon the two arc apart.” Numerous other examples are
given in the chapter on ** Mimicry and otlier Protoctive Resemblances among
Animals,” in my Condributions to the Theory of Nulwral Selectiva,
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known leaf-inscets of Ceylon and of Java, species of I’hyllium,
are so wonderfully coloured and veined, with leafy expansions
on the legs and thorax, that not one person in ten can sce
them when resting on the food-plant close heneath their eyes,
Others resemble pieces of stick with all the minutia: of knots
and Lranches, formed by the insects’ legs, which are stack out
rigidly and unsymmetrically. I have often been unable to
distinguish between one of these insects and o real piece of
stick, till I satisficd myseli by touching it and found it to be
alive. One species, which was brought me in Borneo, was
covered with delicate semitransparent green folintions, exactly
resembling the hepaticee which cover pleces of rotten stick in
the damp forests. Others resemble dead leaves in all their
varictics of colour and form ; and to show how perfect is the
protection obtained and how important it is to the possessors
of it, the following incideat, observed by Mr. Belt in Nicaragua,
is most instructive. Describing the armies of foraging ants in
the forest which devour every inscct they can cateh, he says:
“I was much surprised with the behaviour of a green leaf-
like loenst.  This insect stood immovably among o host of ants,
many of which ran over its legs without ever discovering there
wag food within their reach. So fixed was its instinctive
knowledge that its safety depended on its immovability, that
it allowed e to pielc it up and replace it among the ants withoust
making a single effort to cscape.  This specios closely resembles
a groen leaf”?!

Caterpillars also exhibit a considerable amount of detailed
resemblance to the plants on which they live.  Grass-fooders
are striped longitudinally, while those on ordinary leaves are
always striped obliquely. Some very heautiful protective
resemblances are shown among the caterpillars fignred in
Smith and Abbott's Lepidupferous Insects of Georgia, a work
published in the early part of the century, hofore any theories
of protection were started.  The plates in this work are
most beautifully excented from drawings made by Mr. Abbott,
representing the insects, in every case, on the plants which
they frequented, and no reference is made in the descriptions
to the remarkable protective details which appear upon the
plates.  We have, first, the larva of Sphinx fuciformis feeding

Y The Naturalist in Nicerague, p. 19,
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on a plant with linear grass-like leaves and smalt blue flowers ;
and we find the insect of the same green as the lenves, striped
longitudinally in accordance with the linear leaves, and with
the head blue eorresponding both in size and colour with the
flowers. Another species (Sphinx tersa) is represented feeding
on a plant with small red flowers situated in the axils of the
leaves ; and the larva has a row of seven red spots, unequal
in size, and corresponding very closely with the eolour and
size of the flowers. Two other figures of sphinx larvie are
very curious. That of Sphinx pampinatrix feeds on a wild
vine (Vitis indivisa), having green tendrils, and in this species
the curved horn on the tail is green, and closely imitates in
its curve the tip of the tendril. But in another species
{Sphinx cranta), which feeds on the fox-grape (Vitis vulpina),
the horn is very long and red, corresponding with the long red-
tipped tendrils of the plant. Both these larvas arc green with
oblique stripes, o harmonise with the veined leaves of the
vines ; but a figure is also given of the last-named species after
it has done feeding, when it is of a decided brown colour and
has entirely lost its horn.  This is because it then descends to
the ground to bury itself, and the green eolour and red
horn would be conspicuous and dangerous ; it therefore loses
both at the last moult. Such a change of colour occurs in
many species of caterpillars. Sometimes the change is seasonal ;
and, in those which hibernate with us, the colour of some
species, which is brownish in autumn in adaptation to the
fading folinge, beeomes green in spring to harmonise with the
newly-opencd leaves at that scason.!

Some of the most curious examples of minute imitation
are afforded by the caterpillars of the geometer moths, which
are always brown or reddish, and resemble in form little
twigs of the plant on which they feecd.  They have the habit,
when at rest, of standing out obliquely from the branch, to
which they hold on by their hind pair of prolegs or claspers,
and remain motionless for hours. Speaking of these pro-
tective resemblances Mr. Jenner Weir says: ““After heing
thirty years an entomologist I was deccived myself, and took
out my pruning scissors to cut from a plum tree a spur which
I thought I had overlooked. This turned out to be the larva

I R. Meldola, in Proc. Zool. Soc., 1873, p. 165,
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of u geometer two inches long. T showed it to several members
of my family, and defined a space of four inches in which it
was to be seen, but none of them could perceive that it was a
caterpillar.”1

One mors example of a protected caterpillar must be
given. Mr. A, Everctt, writing from Sarawalk, Borneo, says:
“I had a caterpillar brought me, which, being mixed by my
boy with some other things, I took to be o bit of moss with
two exquisite pinky-white sced-capsules; but I soon saw that
it moved, and examining it more closely found out its real
character : it is covered with hair, with two little pink spots
on the upper surface, the general hne being mere green.  Its
motions are very slow, aud when eating the head is with-
drawn beneath a fleshy wobile hood, so that the action of
feeding does not produce any movement externally, It was
found in the limestone hills at Busan, the situation of all
others where mosses are most plentiful and delicate, and
where they partially elothe most of the protruding musscs
of rock.”

ITow these Timitadions have been Produced.

Te many persons it will seem impossible that such beauti-
ful and detailed resemblunces as those now deseribed—and
these are only samples of thousands that ocenr in all parts of
the world-—can have heen brought about by the preservation
of accidental useful variations.  DBut this will not secem so
surprising if we keep in mind the facts set forth in our
carlier chapters—the rapid multiplication, the severe struggle
for existence, and the constant variability of these and
all other organisms. And, further, we must remember
that these delicate adjustments are the result of o process
which has been going on for milliens of years, and that we
now sce the smali percentage of successes among the myriads
of failures. From the very first appearance of insects and
their various kinds of cnemies the need of protection arose,
and was usually most casily met by modifications of eolonr,
Henee, wo may be sure that the carliest ieaf-cating inscets
acquired a green colour as one of the necessitics of their
cxistenco ; and, as the specics became modified and speeialised,

1 Nature, vol, iil. p. 166,
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those feeding on particular species of plants would rapidly
acquire the peeulinr tints and markings best adapted to
conceal them upon those plants.  Then, every little variation
that, once in a hundred years perhaps, led to the preservation
of some larva which wuas thereby rather better concealed than
its fellows, would form the starting-point of a further
development, leading ultimately to that perfection of imitation
in details which now astonishes us.  The researches of Dr.
Weismann illustrate this progressive adaptation.  The very
young larvie of several species are green or yellowish withont
any markings ; they then, in subsequent moults, obtain certain
markings, some of which are often lost again before the Jarva
is fully grown. The early stages of those species which,
like elephunt hawk-moths {Chwrocampa), have the anterior
segments elonguted and retractile, with large eye-like spots
t6 Imitate the head of a vertebrate, are at fivst like those of
non-retractile speeies, the anterior segments being as large as
the rest. After the first moult they hecome smaller, com-
paratively ; but it is only after the seeond monlt that the
ocelli begin to appear, and these are not fully defined till after
the third moult.  This progressive development of the in-
dividual—the ontogeny-—ygives ns a clue to the ancestral
development of the whole race-—the phylogeny ; and we are
enabled to picture to ourselves the very slow and gradual
steps by which the existing perfect adaptation has heen
brought about. In many lurvee great variability still exists,
and in somo there are two or more distinetly-coloured forms
—usually a dark and a light or a brown and a green form.
The larva of the humming-hird hawk-moth (Macroglossa
stellatarum) varies in this manner, and Dr. Weismann raised
five varicties from a bateh of egus from one moth. Tt feeds
on species of hedstraw (Galium vernm and G mollugo), and
as the green forms are less abundant than the brown, it has
probably undergone some recent change of food-plant or
of habits which renders brown the more protective colour,

Special Protective Colouring of Butierflies.

We will now consider a fow cascs of specinl protective
colouring in the perfect hutterfly or moth. Mr. Manscl
‘Weale states that in South Afriea there is a great prevalence
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of white and silvery foliage or bark, sometimes of dazzling
brillianey, and that many insects and their larve have brilliant
silvery tints which are protective, among them heing three
spocies of huttertlies whose undersides are silvery, and which
are thus effectually protected when at rest.! A common
African butterfly {Atericn meloagris) always settles on the
ground with closed wings, which so closely resemble the seil
of the district that it can with difiiealty be seen, and the
colour varies with the soil in different loealities.  Thus
specimens from Sencegambin were dull brown, the soil being
reddish sand and iron-elay ; those from Calubar and Came-
roong were light brown with numerous small white spots, the
soil of those countrics being light brown elay withigunall
quartz pebbles 3 while in other localities where the colours of
the soil were more varied the colours of the butterfly varied
also.  Ilere we have varistion in a single species which has
hecome specialised in eertain arcas to harmenise with the
colour of the soil.?

Many butterflies, in all parts of the world, resemble dead
leaves on their under side, but those in which this form
of protection is ecarried to the greatest pocfection are the
species of the Iastern genus Kallima.  In India KU inachis,
and In the larger Maluy islands K. paralekta, are very com-
mon.  They are rather large and showy butterflies, orange
ard bloish on the npper side, with a very rapid flight, and
frequenting dry fovests.  Their habit is to settle always where
there is somo dead or deeaying folinge, and the shape and
colonr of the wings (on the under surface), together with the
attitude of the insect, is sich as to produce an absolntely
perfect imitation of a dead leaf.  This is effected by the
buttertly always scttling on a twig, with tho short tail of the
hind wings just touching it and forming the leaf-stalk.
From this a dark curved line runs across to the elongated tip
of the uppor wings, imitating the midrib, on beth sides of
which are oblique lines, formed partly by the nervures and
partly by markings, which givo the effect of the usual veining
of a leaf. The head and antenne fit exactly between the
closed upper wings so as not to inierfere with the outline,

Y Trans, Ent. Soc. Lond., 1878, p. 185,
2 Lbid, (Proceedings, p. xlii.)
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which hus just that amount of irregnlar curvature that is seen
in dry and withered leaves, The colour is very remarkable
for its extreme amount of vartability, from deep reddish-brown
to olive or pale yellow, hardly two specimens being oxactly
alike, but all coming within the range of colour of leaves in
various stages of decay. Still more curious is the fact that
the paler wings, which imitate leaves most decayed, arve
usually covered with small black dots, often gathered into
cireular gronps, and so exaetly rescmbling the minnte fungi
on decaying leaves that it is hard ab first to beliove that the
inscets themselves are not attacked by some such fungus.
The concealment preduced hy this wonderful imitation 1s
me! omplete, and in Sumatra 1 have often scen one enter a
busk®nd then disappear like magie.  Once I was so fortunate
as to see the exuct spot on whieh the insect settled ; but even
then T lost sight of it for some time, and only after w per-
gistent scarch discovercd that it was close hefore my eyes.!
Here we have a kind of imitation, which is very common in a
less developed form, carried to extreme pericetion, with the
result that the species is very abundant over » consideruble
area of country.

Profectize Resemblance among Marine Aninals,

Among marine animals this form of protection is very
common. Drofessor Moseley tetls ug that all the inhalitants
of the Guli-weed are most remarkably coloured, for purposcs
of protection and concealment, exactly like the weed itself.
“The shrimps and crabs which swarm in the weed are of
exactly the sume shade of yellow as the weed, and huvo white
markings upon their hodies to represent the patches of Mem-
branipora. The small fish, Antennarius, is in the same way
wecd-colour with white spots. Even a Planarian worm, which
lives in the weed, is similarly yellow-colonred, and also a
molluse, Seyllan pelagica.” The same writer tells us that “a
number of Little crubs found clinging to the floats of tho blue-
shelled molluse, Ianthina, were all coloured of a corresponding
blue for concealment.”?

1 Wallace’s Malay Archipclago, vol. i, p. 204 (fifth cdition, p. 130), with
figure.
? Moseley's Notcs by & Naturalist on the Challenger.
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Professor B. S. Morse of Salem, Mass., found that most
of the New England murine mollusen weve protectively
coloured ; instancing among others a little red chiton on rocks
clothed with red caleareons algre, and Crepidula plana, lv-
ing within the apertures of the shells of larger species of
Gasteropods and of a pare white colowr corresponding to its
habitat, while allied species living on seaweed or on the
vutside of dark shells were dark brown! A still wmore
interesting ease has been reeorded by Mr. George Brady. Te
suys: ““Amongst the Nullipore which matted together the
Luvminaria roots in the Firth of Clyde were living numerous
small starfishes {Ophiocoma bellis) which, except when their
writhing movements hetrayed them, were guite undistinguish-
able from the calearcous branches of the alga; their i d
angularly twisted rays had all the appearance of the corallire,
and exactly assimilated to its dark purple colour, so that
though I held in my hand @ root in which were half o dozen
of the sturfishes, I was really nunable to detect them until
revealed by their movements,”?

These few examples are sufficient to show that the principle
of protective colorution exterds to the acean as well as over
the carth; and if we consider how completely ignorant we
are of the hubits and surroundings of most marine animals, it
may well happen that many of the colours of tropical fishes,
which seem to us so strange and so conspicuous, are really
protective, owing to the number of equally strange and
brilliant forms of corals, sea-ancmones, sponges, and seca-
weeds among which they live.

Profection by Tervifying Enemies,

A considerable number of quite defenceless insects obtain
profection from some of their enemies by having acquired a
resemblanee to dangerous animals, or by some threatening or
nnusual appearance.  This is obtained cither by a modifiea-
tion of shape, of habits, of colour, or of all combined. Tho
simplest form of this protection is the aggressive attitude of
the caterpillars of the Sphingidw, the forepart of the body

L Proceedings of the Boston Sac. of Nat. Ilist., vol. xiv, 1871,
¢ Nuture, 1870, p. 376.
P
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being erected so as to produce a rude resemblance to the figure
of 2 sphinx, henee the name of the family. The protection is
carried further by those species which retract the first three
segments and have large ocelli on cach side of the fourth
segment, thus giving to the caterpillar, when the forepart of
its body is elevated, the appeurance of a snmake in o threaten-
ing attitude.

The bloodred forked tentacle, thrown out of the necek of
the larvie of the genus Papilio when alarmed, is, no doubt, a
protection against the attacks of ichneumons, and may, per-
haps, also frighten small hirds; and the hahit of turning ap
the tail possessed by the harmless rove-heetles (Staphylinidie),
giving the idea that they can sting, has, probably, a similar
use.  LEven an unusual angular form, like a erooked twig or
inorganic substance, may be protective ; as Mr. Poulton thinks
js the case with the curious caterpillar of Notodonta ziczae,
which, by mecans of a fow slight protuberances on its hody,
is able to assume an angular and very unorganiclooking
appearance.  But perhaps the most perfect example of this
kind of protection iz exhibited by the large eatorpillar of
the Royal Persimmon moth (Bombyx regin), a native of
the southern states of North Ameriea, and kuown there as
the “Hickory-horned devil” It is a large green cater-
pillar, often six inches long, ornamented with an immense
crown of orangered tubercles, which, if disturbed, it erects
and shakes from side to side in a very alurming manner.
In its native country the negroes helicve it to be as deadly
as a rattlesnuke, whereas it is perfeetly innocuons. The
green colour of the hody suggests thut its ancestors wero
once protectively coloured; but, growing too large to e
effectually concealed, it acquired the habit of shaking its head
ahout in order to frichten away its encmies, and ultimately
developed the crown of tentacles as an addition to its terrify-
ing powers.  This species is beautifully figured in Abbott and
Smith’s Lepidopterous Insecls of Georgia.

Alluring Colovation,

Bosides those numerous insects which obtain protection
through their resemblance to the natural objects among which
they live, there are some whose disguise is not used for
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concealment, hut as a direct means of scenring their prey by
attracting them within the enemy’s reach.  Only a few cases
of this kind of coloration have yet been observed, chiefly
amonyg spitders and mantidwe ; but, no doubt, if uttention
woro given to the subject in tropieal eountries, many more
would be discovered. Mr. H. O. Forlies has described a
most Interesting example of this kind of simulation in
Java.  While pursuing a large hutterfly through the jungle,
he was stopped by o dense Dbush, on a leaf of which he
observed one of the skipper Dutterflics sitting on a lird’s
dropping. L had often,” he says, “ohserved small Blues
ab rest on similar spots on the ground, and have wondered
what snch a refined and beantiful family as the Lycenidae
could find to eujoy, in food apparently so incongruous
for a bmtterfly. I approached with gentle steps, but
ready net, to sce i possible how the present specics was
engaged. It permitted me to get quite elose, and even to
seize it hetween my fingers; to my surprise, however, part of
the body remained hehind, adbering as 1 thought to the
excreta. I looked closcly, and finally touched with my finger
the excreta to find if it were glutinous. To my delighted
astonishment T found that my eyes had Deen most perfectly
deceived, uand that what scemed to be the excreta was a
most artfulty coloured spider, lying on its lack with its feet
crossed over and closely adpressed to the body.”  Mr. Forbes
then goes on to describe the exact appearance of such excreta,
and how the various parts of the spider are coloured to
produce the imitation, even to the liguid portion which
usnally runs o little down the leaf.  This is exactly imitated
by a portion of the thin web which the spider first sping
to seccure himsctf firmly to the leaf; thus producing, as Mr.
Forbes remarks, a living bait for buttertlies and other inscets
so artfully contrived as to deceive o pair of human cyes, even
when intently examining it.!

A native species of spider (Thomisus eitreus) exhibits a
somewhat similar alluring protection by its close resemblaneo
to buds of the wayfaring tree, Viburnum kntana. It is pure
creamy-white, the abdomen exactly resembling in shape and
colour the unopened buds of the flowers among which it takes

T A Naturalist's Wanderings in the Euslern Archipelogoe, p. 63.
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ita station ; and it has heen seen to capture flies which came
to the flowers.

Dt the most eurious and beautiful case of alluring protec-
tion is that of a wingless Mantis in India, which is so formerl
and coloured as to resemble a pink orchizs or some other
fantastic lower. - The whole insect i3 of a bright pink colour,
the large and oval abdomen looking like the labellum of
an orchid.  On each side, the two posterior legs have im-
mensely dilated and flattened  thighs which represent the
petals of a flower, while the neck and forclegs imitate the
upper sepul and column of an orchid.  The inseet rests
motionless, in this symmetrical attitude, among Lright green
foliage, being of course very conspicuous, but so exactly
reserbling o flower that buttertlies and other inscets settlo
upon it and are instantly ecaptured. It is a living trap,
baited in the most alluring manner to cateh the unwary
flower-haunting insects.?!

The Coloration of Birds Lgys.

The colours of hirds' eggs have long heen a difliculty on
the theory of adaptive coloration, because, in so many cases
it has not been easy to sce what can be the use of the par-
ticutur colours, which are often so bright and conspicuous that
they scem intended to attract attention rather than to be con-
cealed. A more careful consideration of the subject in all jts
bearings shows, however, that here too, in a great number of
cases, we have examples of proteciive coloration.  When,
therefore, we cannot see the meaning of the colour, we may
suppose that it has heen protective in some ancestral form,
and, not Deing hurtful, has persisted under changed condi-
tions which rendered the protection needless.

We may divide all eggs, for our present purpose, into two

1 A Denutiful drawing of this rare insect, Hymenopus bicornis (in the
nymph or active pupa state), was kindly sent me by Mr. Wood-Mason, Curator
of the Indian Museum at Caleutta. A species, very similar to it, inhaluts Java,
where it is suid to resemble a pink orctud. Other Mantidie, of the genus
Gongylus, bave the anterior part of the thorax dilated aud coloured either
wlite, pink, or purple ; and they so closely resemble flowers that, according
to Mr. Wood-Mason, one of them, having a bright violet-blue prothoracic
shield, was found in Pegu by a botanist, and was for o moment mistaken by
him for a flower, $Hee Proc. Ent. Sve. Lond., 1878, p. lid,
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great divisions ; those which are white or nearly so, and those
whieh are distinetly coloured or spotted.  Fgg-shells being com-
posed mainly of carbonate of lime, we may assume that the
primitive colour of birds' egys was white, a colour that pre-
vails now among the other cggbearing vertebrates—Ilizards,
erocodiles, turtles, and snakes ; and we might, thercfore, expect
that this colour would continue where its presence had no
disadvantages. Now, ag a matter of fuct, we find that in all
the groups of Wrds which lay their eggs in concealed places,
whether in holes of trees or in the ground, or in domed or
covered nests, the eggs are cither pure white or of very pale
uniform coloration,  Such is the case with kingtishers, bee-
caters, penguins, and pufling, which nest in holes in the
ground ; with the great parrot family, the woodpeckers, the
rollers, hoopoes, trogons, owls, and some others, which huild in
holes in trees or other eoncealed places ; while marting, wrens,
willow-warblers, and Australian finches, build domed or covered
nests, and usuully have white epgs.

There are, however, many other birds which lay their
white cggs in open nests; and these afford some very in-
teresting examples of the varied modes by which concealment
may be obtained.  All the duck tribe, the grebes, and the
pheasants helong to this class ; but these birds all have the
habit of covering their egges with dead leaves or other material
whenever they leave the nest, so as effectnally to conceal
them. Other birds, as the short-eared owl, the goatsucket,
the partridge, und some of the Australian ground pigeons,
tuy their white or pale eggs on the bare soil; but in these
cases the birds themsclves are protectively colourcd, so that,
when sisting, they are almost invisible; and they have the
habit of sitting close and almost continucusly, thus effectually
concealing their eggs.

Pigeons and doves offer o very curious case of the protec-
tion of exposed eggs. Thoy usually build very slight and
loose nests of sticks and twigs, so open that light can be
scen through them from Lelow, while they are generally well
concealed by folinge above. Their ecggs are white and
shining; yet it is a difficult matter to discover, from beneath,
whether there are eggs in the nest or not, while they are well
hidden by tho thick foliage above. The Australian podargi—
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huge goatsuckers—huild very similar nests, and their white
cges are protected in the same manner, Some large and
powerful birds, as the swans, herons, pelicans, cormorants, and
storks, luy white eggs in open nests; but they keep careful
wateh over them, and are able to drive away intruders.  On
the whole, then, wo seo that, while white erus ure couspienous,
and therefore especially liable to attack by egg-eating animals,
they are coneealed from observution in many and varions ways,
We may, therefore, assime that, in cases where thore secems
to be no such concenlment, we are too ignorant of the whole
of the conditions to form a correet judginent.

We now come to the large class of coloured or richly
spotted cges, and here we have a more difieult task, though
many of them deeidedly exhibit protective tints or markings.
There are two hirds which nest on sandy shores—the lesser
tern and the ringed plover,—and hoth luy sand-colonved eggs,
the former spotted so as to harmonise with coarse shingle, the
latter winutely speckled like fine sand, which are the kinds
of sround the two birds choose respectively for their nests.
“The common sundpipers’ eggs assimilate so closely with
the tints around them as to make their discovery a malter
of no small difficulty, as every cologist can testify who has
searchedd for them.  The pewits’ egps, dark in ground
colour and boldly marked, are in striet harmony with the
sober tints of moor and fallow, and on this circumstance
alone their conconlment und safety depend.  The divery’
eges furnish another example of protective colour; they
arce gencrally laid close to the water's edge, amengst drift
and shingle, where their durk tints and black spots conceal
them by harmonising closely with surrounding objects,  The
snipes and the great army of sandpipers furnish innumer-
able instances of protectively coloured eggs. In all the
instances given the sitting-bird invariably leaves the egos
uncovered when 1t qguits them, and consequently their safety
depends solely on the eolours which adorn them.”! The
wonderful range of colour and marking in the cggs of the
guillemot may be imputed to the inaccessible rocks on which

! C. Dixon, in Secholim's History of British Birds, vol. ii. Introduction, p.
xxvi. Many of the other examples here cited are taken fron: the same valu
able work,



Vit ORIGIN AND USES OF COTOUR IN ANIMALS 215

it breeds, giving it complete proteetion from enemies,  Thus
the pale or bluish ground colour of the eggs of its allics, the
auks and putlins, has become intensified and Dblotehed and
spotted in the most marvellons variety of patterns, owing to
there being no selective agoney to prevent individual variation
having full sway.

Tho common black coot (Fuliea atra) has eggs which are
coloured in a speeinlly protective mammer.  Dr. Willtam
Marshall writes, that it only breeds in certain localities where
a karge water reed (Plragmites arundinacea) abounds,  The
cgps of the coot are stained and spotted with black on a
yellowish-gray ground, and the dead leaves of the reed are of
the same ecolonr, and are stained black by small parasitic fungt
of the Uredo family ; and these leaves form the bed on which
the egus are laid.  The eggs and the leaves agree so closely
in colour amd markings that it is o difficelt thing to dis-
tinguish the eges at any distance. It is to bo noted that
tht, coot never covers up its cgus, as its ally the moor-hen
usually does.

The beautiful blue or greenish eggs of the hedue-sparrow,
the song-thrush, and sometimes those of the blackbivd, seem at
fivst sl'rht cspecially calenlated to attract 'Lttultlon, but it is
vory doubtiul whether they are really so conspieuous when
scent at a little distance amonyg their uswal surroundings,  For
the nests of these birds are either in evergreens, as holly or
ivy, or surrounded by the delicate green tints of onr carly
spring vegetation, and may thus harmonise very well with the
colours around shem.  Tho great majority of the eggs of our
smaller birds are so spotted or streaked with Drown er black
on variously tinted grounds that, when lying in the shadow of
the nest and surrounded by the many colours und tints of
bark nnd moss, of purple buds and tonder green or yellow
folinge, with all the complex glittering lights and mottled
shades produced among these by the spring sunshine and by
sparkling raindrops, they must have a quite different aspect
from that which they possess when we observe them torn
from their nutural surroundings. We have here, probably,
a similar case of general protective harmony to thut of the
green caterpillars with beautiful white or purple bands and
spots, which, though gandily conspicuous when scen alone,
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becomo practically invisible among the complex lights and
shadows of the foliage they feed upon.

In the ease of the enckoo, which lays its eges in the nests
of a variety of other birds, the epgs thomselves are subjeet
to considerable variations of colour, the most eommon type,
however, rescmbling those of the pipits, wagtails, or warllers,
in whose nests they are most frequently laid. Tt also often
lays in the nest of the hedge-sparrow, whose bright blue egzus
are usually not at all nearly matchod, although they are
sometimes said to be so on the Continent. It is the opinion
of muny ornithologists that each female cuckoo lays the swsme
coloured egos, and that it usually chooses a nest the owners
of which lay somewhat similar eggs, though this is hy no
means universally the ease.  Although hirds which have
cuckoos’ eggs imposed upon them do not scem to negleet them
on account of any difference of colour, yet they probally do
so occasionally ; and if, as seems probable, cach bird’s eggs are
to some extent protected by their harmony of colour with their
surroutdlings, the presence of a larger and very differently
coloured egy in the nest might be dangerous, and leud to the
destruction of the whole set.  Those cuckoos, thercfore, which
most frequently placed their cges among the kinds which they
resembled, would in the long run leave most progeny, and
thus the very frequent accord in colour might have been
brought about.

Bome writers have suggested that tho varied colours of
birds" eggs are primarily due to the cffect of swmrrounding
coloured objects on the female bird during the period pre-
ceding incubation ; and have expended much ingenuity in
suggesting the objeets that may have caused the eggs of ono
bird to be bluc, another brown, and another pink.! But no
evidence has been presented to prove that any effects what-
ever arc produced by this cause, while there scems no diffienlty
in accounting for tho facts by individual variability and the
action of natural selection. The changes that oceur in the
conditions of existence of birds must sometimes render the
concoulment less perfoct than it may once have been; and
when any danger arises from this eause, it may be met either

1 See A. I1. 8. Lucas, in Proceedings of Royed Socicly of Victoria, 1887,
p- 56.
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by some change in the colour of the oges, or in the structure
or position of the nest, or by the inereased core which tho
parents hestow upon the eges.  In this way the wvarious

divergencos which now so often puzzle us may have arisen.

Colonr us o Means of Lecognition.

If we consider the habits and life-histories of those animals
which arc more or less gregarious, comprising a large pro-
portion of the herhivora, some earnivorn, and a considerable
number of all orders of birds, we shall sce thut a means of
ready reeognition of its own kind, at a distance or during
rapid motion, in the dasle of twilight or in partial cover,
must be of the greatest advantage and often lead to the pre-
servation of life.  Animals of this kind wiil not usually
receive a stranger into their midst.  While they keep together
they are generally safe from attack, but a solitary straggler
hecomes an easy prey to the cnemy ; it is, therefore, of the
highest importance that, in such w case, the wanderer should
have every facility for discovering its companions with cer-
tainty at any distance within the range of vision.

Some mecans of easy recognition must be of vital im-
portance to the young and inexperienced of each flock, and it
also enables the suxes to recognise thelr kind and thus aveid
the ovils of infertile crosses ; and I am inclined to believe that
its necessity has had u more widespread influence in deter-
mining the diversities of animal coloration than any other
cause whatever. To it may probably be imputed the singular
fach that, whereas bilateral symmetry of coloration is very
frequently lost among domesticated animals, it almost uni-
versally prevails in o state of nature ; for if the two sides of
an animal were unlike, and the diversity of coloration among
domestic animals occurred in a wild state, easy recognition
would be impossible among numerous closcly allied forms.!

t Professor Wn. TL Brewer of Yale College has shown 1hat the white
marks or the spots of domestivated animals are rarely symmetrical, hut have
o lendeucy to appear mere frequently on the left sule,  This is the case with
Liorses, cattle, dogs, and swine.  Amorg wild animals the skunk varies con-
giderably in the amount of white on the body, aud this too was found to be
usually greatest on the left side. A close exnnination of humerous striped or
spotted species, ay tigers, leopards, jagnars, zebras, ete., showed that the
bilateral symmelry was not exact, although the general cffect of the two sides
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The wonderful diversity of eolour and of marking that pre-
vails, especially in birds and insects, may be due to the fact
that one of the first needs of a new gpecies would be, to keep
separate from its nearest allies, and this could be most readily
done by some essily scen external mark of difference. A few
iilustrations will serve to show how this principle nets in nature.

My attention was first called to the subject by a remark
of Mr. Darwin’s that, though, “the hare on her form is a
familior instance of concealment through celour, yet the
principle partly fails in a closely allied specios, the rabbit ; for
when running to its burrow it is made conspicuous to the
sportsman, and no doubt to all beasts of prey, by its upturned
white tail.”! But a little consideration of the habits of the
animal will show that the white npturned tail is of the greatest
value, and is really, as it has been termed by a writer in The
Field, a “signal flag of danger.,” For the rubbit is usually o
crepuscilar animal, feeding soon after sunset or on moonlight
nights. When disturbed or alarmed it makes for its burrow,
and the white upturned tails of those in front serve as guides
and signals to those moro remote from home, to the young and
the feeble ; and thus cach following the one or two befure if, all
are able with the least possible delay to regain a plice of
comparative safety. The apparent danger, therefore, becomes
a most important means of security.

The same general principle enables us to nnderstand the
singular,and often conspicuous, markings on so many gregarious
herbivors which are yef, on the whole, protectively coloured.
Thug, the American prong-buck has a white pateh hehind
and a black muzzle. The Tartarian antclope, the Ovis poli
of High Asia, the Java wild ox, several species of deer, and a
large number of antelopes have a similar conspicuous white
pateh behind, which, in contrast to the dusky body, must enable
them to be seen and followed from a distance by their fellows.
Whero there are many species of nearly the same general sizo
and form inhabiting the same region—as with the antelopes
wag the same,  This is precisely what we should expect if the symmetry is not
the resulf of a gencral law of the organisation, but has heen, in part at least, pro-
dnced and preserved for the useful purpose of recognition hy the animal's
fellows of the same species, and especially by the sexes minl the young., Seo

Proc. of the Am. Ass. for Advancement of Science, vol. xxx. p. 244.
T Descent of Muwn, p, 542



vILI ORIGIN ANT) USES OF COLOUR IN ANIMALS 219

of Africa—we find many distinetive markings of a simitar
kind. The gazelles have varjously striped and banded faces,
besides white patches behind and on the flanks, as shown
in the woodeut. The spring-hok has a white patch on the
face and one on the sides, with a curiously distinctive white
strips above the tail, which is nearly concealed when the
animal s at rest by a fold of skin but comes into full view
when it is in motion, being thus quite analogous to the

Fi6. 18.—Gazella scemmerringi,

upturned white tail of the rabbit.  In the pallah the
white rump-mark is bordered with black, and the peculinr
shape of the horns distinguishes it when scen from the
front. The sable-antelope, the gemsbok, the oryx, the hart-
Leest, the bonte-bok, and the addax have each peculiar white
markings ; and they are besides characterised by horns so
remarkably different in cach species and so conspicnous, that
it scems probable that the peculiuvities in length, twist, and
eurvature have been differentinted for the purpose of recogui-
tion, rather than for any speciality of defence in species whose
general habits are so similar.
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It is intevesting to note that these markings for recognition
are very slightly developed in the antelopes of the woods and
marshes. Thus, the grys-bok is nearly uniform in eclour, except
the long black-tipped ears ; and it frequents the wooded moun-
tains, The duyker-bok and the rhoode-bok are wary bush-
haunters, and have no marks hut the small white patch
behind.  The wood-haunting hosch-bok goes in pairs, and has
hardly any distinetive marks on its dusky chestnut eoat, hut
the male alone is horned.  The large and handsome koodeo
frequents brushweod, and its vertieal white stripes are no
doubt protective, while its magnificent spiral horns atford casy
recognition. The clind, which is an inhabitant of the open
country, is uniformly coloured, being sufficiently recognisable
by its large size and distinctive form ; but the Derbyan eland
is a forest animal, and has a protectively striped coat.  Inlike
manner, the fine Speke’s antelope, which Tives entirely in the
swamps and among reeds, has pale vertical stripes on the
sides (protective), with white markings on face and breast for
recognitior.  An inspection of the figures of antelopes and
other animals in Waowl's Nafural History, or in other illustrated
works, will give a better idea of the peculiarities of recognition
markings than any amount of deseription.

Other examples of such coloration are to be scen in the
dusky tints of the musk-sheep and the reindeer, to whom
recognition at a distanco on the snowy plains is of more
importanee than concenlment from their few enemics. The
conspicuous stripes and bands of the zebra and the quagga are
probably due to the same cause, as may bo the singular crests
and face-marks of several of the monkeys and lemurs.?

! Tt may he thought that such extremely conspicucus markings as those of
the zebra would be a great danger in a country abounding with licus, leopards,
and other beasts of prey ; but it iz not so.  Zebras usnally go in banls, and
are so swift and wary that they are in little danger during the day. It is in
the evening, or on moonlight nights, when they go to drink, that they are chiefly
exposed to atlack ; and Mr. Franeis Galton, who has studied these aniinals in their
native haunts, assures e, that in fwilight they are not at all couspicuous,
the stripes of white and black so merging together into a gray tint thal it is
very dificelt to sce them at a little distance. We luvo here an admirable
illustration of how a glaringly conspicuous style of marking for recognition may
be so arranged as to hecome also protective af the time when protection is
most needed ; and we way also learn how impossible i is for us to decide

on the Inutiity of any kind of coloration without a careful study of the
habits of the species in its native country.



ORIGIN AND USES OF COLOUR IN ANIMALS 221

YIlI

“SLIBIOD1Y D

«w1asord weoTIry 3011 Jo sqTem wopmSoded— 6l ‘H13
“BNYEIUANjL] SNIADBRITED)

*150q10§ 0




222 DARWINISM OHAP,

Among  Dirds, these recognition wmarks are especially
numerous and suggestive,  Bpecies which inhabit open
districts are usually protectively coloured ; but they generally
possess somo distinctive markings for the purpose of being
casily recognised by their kind, hoth when at rest and during
flicht. Such are, the white bands or patches on the lreas
or helly of many birds, but more especially the head and
neck markings in the form of white or black caps, collars,
eye-marks or frontal patches, examples of which are scen in
the three species of African plovers figured on page 221

Reeognition marks during flight are very important for all
hirds which congregate in flocks or which migrate together;
and it is essential that, while being as conspicuous as possible,
the marks shall not interfere with the gencral protective tints
of the species when at rest.  Hence they usnally consist of
well-contrasted markings on the wings and tail, which are
concealed during repose but beecome fully visible when the
bird takes flight.  Snch markings are well scen in our four
British species of shrikes, each having quite different winte
marks on the cxpanded wings and on the tail feathers; und
the same is the case with our three specics of Saxicola-—the
stone-chat, whin-chat, and wheat-ear—which are thus easily
recoghisable on the wing, especially when scen from above, as
they would be by stragelers looking out for their companions.
The figures opposite, of the wings of two African species
of stone-curlew which are sometimes found in the same
districts, well illustrates these specific recognition marks.
Though not very greatly different to our cyes, they are no
doubt amply so to the sharp vision of the birds themselves,

Besides the white patches on the primaries here shown, the
secondary feathers are, in some cases, so colonred as to afford
very distinetive markings during flight, as seen in the contral
secondary quills of two African coursers (Fig. 21).

Most characteristic of all, however, are the viriedd markings
of the outer tailfeathers, whose purpose is se well shown by
their heing almost always covered during repose by the two
middle feathers, which are themselves quite unmarked and
protectively tinted like the rest of the upper surface of the
body, ‘The figures of the expanded tails of two species of East
Asiatic snipe, whose geographical ranges overlap esach other,
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will serve to illustrate this difference ; which is frequently much
greater and modified in an endless varicty of ways (Fig. 22).
Numbers of species of pigeons, hawks, finches, warblers,
ducks, and innumerahle other birds possess this class of mark-
ings ; and they correspoud so exactly in gencral character with

Cursoriug chalcopterny, C. gallieus.
Fra. 21.— Secomlary quills,

those of the mammalia, already described, that wo cannot
doubt they serve a similar purpose.?

Those birds which are inhabitants of tropical forests, and
which need recognition marks that shall be at all times
visible among the dense foliage, and not solely or chicfly
during flight, have usually small but brilliant patches of colour

1 The prineiple of eolouring for recognition was, I helieve, first stated in
my article on “The Colours of Animels and Plants” in Macmillan’s Magazine,
and more fully in my volume on Tropécal Natwre, Subsequently Mrs, Barbor
gave a few examples under the hemd of “Fndicative or Banner Colours,” but
she applied it to the distinctive colours of the males of birds, which I explain
on auother prineipte, though this may assist.
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on the head or neck, often not interfering with the generally
protective chavacter of their plumage. Such ure the bright
patehes of blue, red, or yellow, by which the usually green
Eastern barbets are distingwished ; and similar bright patches
of colour characterise the separate specics of small green
frait-doves.  To this necessity for specialisation in colour, by
which cach bird may ensily recognise its kind, is probally due
that marvellous variety in the peeuliar heautics of some groups
of birds. The Duke of Argyll, speuking of the humming
birds, made the objection that “A crest of topuz is no
better in the struggle for existence than a erest of sapphire,
A {rill ending in spangles of the emerald is no better in the
battle of life than o frill ending in spangles of the ruby. A
tail is not affected for the purposes of flight, whether its
marginal or its central feathers ure decorated with white;”
and he goes on to urge that mere beauty and variety for
their own sake are the only causes of these differences. But,
on the principles here suggested, the divergence itself is useful,
and must have been produced pari passw with the structural
differcuces on which the ditferentintion of species depends ;
and thus we have explained the curious fact that prominent
difterences of colour oiten distinguish species otherwise very
closely allied to each other.

Amonyg insects, the principle of distinetive coloration for
recognition has probubly been at work in the production of
the wonderful diversity of colour and murking we find cvery-
where, more especially among the butterflies and moths ; and
here its chicf function muy have been to sceure the pairing
together of individuals of the same species. In some of the
moths this has been secured by o peenliar odour, which
attracts the males to the females from a distance ; but there is
no evidence that this is universal or even general, and among
butterflies, especiully, the characteristic colour and marking,
aided by size and form, afford the most probable means of
recognition,  That this is so is shown hy the fact that *the
common white butterfly often flies down to a bLit of paper on
the ground, no donht mistaking it for one of its own species ;”
while, according to Mr. Collingwood, in the Mulay Archipelago,
“a dead butterfly pinned upon a conspicuous twig will ‘often
arrest an insect of the same species in its headlony flight, and
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bring it down within easy reach of the net, especially if it he
of the opposite sex.”!  In a great number of insects, no doubt,
form, motions, stridulating sounds, or peculiar vdours, serve to
distinguish allicd speeies from each other, and this must be
especiully the case with nocturnal inseets, or with those whose
culours are nearly unifora and are determined by the need of
protection ; but hy far the larger number of day-flying and
active inseets exhibis varieties of colour and marking, forming
the most obvious distinetion between allied species, and which
have, therefore, in all probalility heen aciquired In the process
of difterentintion for the purpose of checking the intercrossing
of closely allicd forms.?

Whether this principle extends to any of the less highly
organised animals is doubtful, thongh it may perhaps have
aflocted the higher mollusca,  But in marine aninals it seems
probable that the colours, however beantiful, varied, and
brilliant they may often be, are in most cases protective,
assimilating them to the various bright-coloured seaweeds, or
to some other animals which it is advantageous for them to
Imitute,®

Swummary of the Preceding Erposition.

Jefore proceeding to discuss some of the moare recondite
phenomena of animal coloration, it will be well to consider
for & moment the extent of the ground we have already
covered.  Protective coloration, in some of its varied forms,
has not improbably modified the appearance of onchalf of
the animals living on the globe.  The white of aretie animals,
the yellowish tints of the dusert forms, the dusky hues of
crepuseilar and nocturnal species, the transparent or bluish
tints of oceanic creatures, yepresont a vast host in themselves;
but we have an equally numerous body whose tints are
adapted to tropical folinge, to the bark of trees, or to the soil

T Quoted by Darwin in Deseent of Men, p, 317,

2 In the dmerican Naturahst of March 1828, Mr, J, E. Tadd has an
article on # Directive Coloration in Aninals,” o which e recognises many of
the cases bere referred to, mnd suggests o few others, though I think he
in¢ldes many forts of coloration - as “ paleness of Lelly and inner side of
Jegs "—whicl do wot belong to this class,

3 For nnmserons exanples of this protective celouring of marine animals
geo Maseley’s Topage of the Chellenger, and Dr, E. 8, Morse in Ivoc. of Bost.
Sve, of Nat. Hist., vol. xiv, 1871,
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or dead leaves on or among which they habitnally live.  Then
we have the innumerable special adaptations to the tints and
forms of Jeaves, or twigs, or flowers ; to burk or moss ; to rock
or pebble; by which such vast numbers of the insect tribes
ohtain protection ; and we have seen that these varions forms
of culoration are cqually prevalent in the waters of the seas
and oceans, and are thus ecoextensive with the domain of life
upon the earth.  The comparatively small munbers which
possess “terrifying” or “allaring ” coloration may be clussed
under the generul head of the protectively coloured.

But under the next head-—colonr for recognition—we have
a totally distinct category, to some extent antagonistic or
complementury to the last, since its essentinl prineiple is
visibility rather than concealment.  Yet it has been shown, T
think, that this mode of eoloration is almost equally in-
portant, since it not only aids in the preservation of existing
spectes and in the perpetuation of pure races, but was, per-
haps, in its earlior stages, a not unimportant factor in their
development. To it we owe most of the variety and much
of the beauty in the colours of animals; it has eaused at
once bilateral symmetry and general permancnce of type;
and its range of action has been perhaps equally extensive
with that of celoration for coneealment.

Tufluence of Locality or of Climate on Colowr,

Certain relations hetween locality and eoloration have long
been noticed.  Mr. Gould observed that birds from inland or
continental localitics were more brightly coloured than those
living near the sca-coast or on islands, and he supposed that
the more brilliant atmosphere of the inland stations was the
explanation of the phenomenen  Many American naturalists
have observed similar fucts, and they assert that the intensity
of the colours of hirds and mammals increases from north to
south, and also with the increase of humidity, This change
is imputed by Mr. J. A. Allen to the direct action of the en-
vironment, He says: “In respect to the correlution of intensity
of colour in animals with the degree of humidity, it would
perhaps be more in accordanee with cause and effect to express
the luw of correlation as a decrewse of intensity of colour with

1 See Origin of Species, p. 107,
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a desrease of humidity, the palencss evidently resulting from
exposure and the blanching effect of intense sunlight, and a
dry, often intensely heated atmosphere.  With the deerease of
the agueous precipitation the forest growth and the protection
afforded by arborescent vegetation gradually also decreases, as
of cowrse ddoes also the protection aflorded hy clouds, the
excessively humid regions heing also regions of extreme
cloudiness, while the dry regions are comparatively clowdless
distriets.”t  Almost identical ehanges oceur in birds, and are
imputed by Mr. Allen to similar causes.

It will he scen that Mr. Gould and Mr. Allen impute
opposite eflcets to the same canse, beillianey or intensity of
colour heing due to a brilliant atmosphere according to the
former, while paleness of colour is imputed by the latter to
a too Drilliant sun.  According to the prineiples which have
been estublished by the consideration of avetic, desert, and
forest animals respectively, wo shall be led to conclude that
there has been no direct action in this ease, but that the effects
ohserved are due to the greater or less need of protection.
The pale colonr that is prevalent in arid districts is in harmeny
with the general tints of the surface ; while the hrighter tints
or more intense coloration, hoth southward and in humid
districts, are sufficiently explained by the greater shelter due
to a more huariant vegetation and a shorter winter. The
advocates of the theory that intensity of light directly atfects
the colours of organisms, are led into perpetual inconsistencies.
At one time the brilliant colours of tropieal birds and insects
are imputed to the intensity of a tropical sun, while the sumeo
intensity of sunlight is now said to have a © blenching ” cifect.
The comparatively dull and sober hues of our northern fanna
were once supposed to be the result of our cloudy skies; but
now wo are told that cloudy skics and a lumid atmosphere
intensify colour,

In my Tropieal Nature (pp. 257-264) I have ealled atton-
tion to what is perhaps the most curious and decided relation
of colour to locality which has yet been observed—the preval-
ence of white markings in the butterflios and hirds of islands,

1 The * Geographical Variation of Northh Ameriean Squirrels,” Pror. Bost
Soc.of Nal. Hist, 1874, p. 284 ; and Mananals and Winter Birds of Florida, pp
233-241.
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So many cases are addueed from so many different islands, both
in the castern and western hemisphere, thut it is impossible
to doubt the existence of some commen cause ; and it secmns
probable to me now, after a fuller consideration of the whole
gubjectof colour, that here too wehaveone of the almost innumer-
able results of the principle of protective coloration.  White is,
as 0 rule, an uncommon colour in animals, but probably enly
because it is so conspicuous.  Whenever it hecomes pro-
tective, us in the case of arctic animals and aquatic birds, it
appears frecly enough; while we know that white varicties
of many species ocour oceasionally in the wild state, and
thas, under domestication, white or parti-coloured breeds are
freely produced. Now in all she islands in which exception-
ally white-marked birds and butterflies have been observed,
we find two features which woukl tend to render the con-
spicrious white markings less injurious—u luxuriant tropical
vegetation, and a decided searcity of rapacious mammals and
birds.  White colours, therefore, would not Dbe eliminated
by natural sclection ; but variations in this direction would
bear their part in producing the recoghition marks which
are everywhere essentinl, and which, in these islands, need
not be so small or so inconspicuous as elsewhere.

Cuncluding Bemarks.

On a review of the whole subject, then, we must eonclude
that there is no evidence of the individual or prevalent colours
of organisms being directly determined by the amount of light,
or heat, or moisture, to which they are exposed ; while, on the
other hand, the two great prineiples of the need of concenlment
from enemics or from their prey, and of recognition by their
own kind, are so wide-reaching in their application that they
appear at first sight to cover almost the whole ground of
animal eoloration.  Bat, although they are indeed wonderfully
general and have as yet heen very imperfeetly studied, we are
acquainted with other modes of eoloration which have a
different origin. These chiefly appertain to the verysingular class
of warning colours, from which arise the yet more extraordinary
phenomena of mimiery ; and they open up so curious a field
of inguiry and present so many interesting problems, that a
chapter must be devoted to them. Yet another chapter will
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be required by the subject of sexual differentiation of colour
and ornament, as to the origin and meaning of which I have
arrived at ditferent conclusions from Mr. Darwin.  These vari-
ous forms of ecoloration having lLeen discussed and illustrated,
we shall be In a position to attempt a Drief sketch of the funda-
mental laws which have determined the general coloration of
the animal world.



CIIAPTLLR IX
WARNING COLORATION AND MIMIULRY

The skunk as an example of warning eoloration-—Warning colours among
inseets —Butterles - -Caterpillars—Miniery - How minicry lias begn
profluced-—Heliconidie—Perfection of the imitation—{Other cases of
mimicry among Lepidoptera—Mimicry amonys protectel groups—Tis
explunation-—Exteusion of the principle -Mimicry in other onlers
of insecls—Mimicry among the vertebrata—Suakes—The rattlesuake
aid the cobra—DMimicry among birds—Oljections to the theory of
mimiery—Concluding remarks on warning eolours and mimicry,

We lave now to deal with a class of colours which are
the very opposite of those we have hitherto considered, siuce,
instead of serving to coneeal the animals that possess them
or as recognition marks to their agsoviates, they are developed
for the express purpose of rendering the species conspicuous.
The reason of this is that the animals in question are either
the possessors of some deadly weapons, as stings or poison
fangs, or they are uneatable, and are thus so disagree-
able to the usual enemics of their kind that they are never
attacked when their peeuliar powers or properties are known,
It is, therefore, important that they should not be mis-
taken for defenceless or catable specics of the sume class or
order, since in that case they might suffer injwry, or even death,
before their enemies discovered the danger or the uselessness
of the attaek, They require some signal or danger-flag
which shall serve ag o warning to would-he cnemies not to
attack them, and they have usually obtained this in the
form of conspicuous or Iailliant coloration, very distinct
from the protective tints of the defenceless animals allied to
themn.
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The Skunk as illustrating Warning Coloration.

While staying a few days, in July 1887, at the Summit
Hotel on the Central Pacific Railway, I strolled out one evening
after dinner, and on the road, not fifty yards from the house,
T saw o pretty little white and black animal with a bushy tail
coming towards me.  As it came on ab a slow pace and with-
ont any fear, although it evidently saw ine, I thought at firss
that it must be some tame creature, when it suddenly oceurred
to me that it was a skunk. It came on till within five or six
yards of me, then quictly climbed over a dwarf wall and dis-
appeared under a small outhouse, in search of chickens, s the
landlord afterwards told me.  This animal possesses, as is well
known, a most offensive seeretion, which it has the power of
ejecting over its enemics, and which effectuully proteets it
from attack. The odonr of this substance is so penetrating
that it tuints, and renders uscless, everything it touches,
or in its vicinity. Drovisions near it hecome nneatable, and
clothes saturated with i5 will retain the smell for several
weeks, even though they are repeatedly washed and dried,
A drop of the liquid fn the eyes will eause blindness, and
Indians are said not unfrequently to lose their sight from this
cause.  Owing to this remarkable power of offence the sknnk
is rarcly attacked by other animals, and its black and white
fur, and the bushy white tail earried ereet when disturbed,
form the danger-signals by which it is easily distingunished in
the twilight or moonlight from unprotected animals. Tts
conscionsness that it needs only to be seen to be avoided gives
it that slowness of motion and fearlessness of aspect which
are, as wo shall see, characteristic of most creatures so pro-
tected.

larning Colowrs among Inseets.

Tt is among insects that warning colours are hest developed,
and most abundant.  We all know how well marked and
conspicuous are the colonrs and forms of the stinging wasps
and bees, no ono of which in any part of the world is known
to be protectively coloured like the majority of defenccless
insects.  Most of the great tribe of Malacoderms among
beetles are distasteful to insect-eating animals. Our red and
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black Telephoride, commonly called “soldiers and sailors,”
wers found, by Mr, Jennor Weir, to be rcfused by small
Lirds.  These and the allied Lampyride {(the fire-flies and
glow-worms) in Niearngus, were rejected by Mr. Belt's tame
monkey and by his fowls, though most other inseces were
greedily eaten by them.  The Coceinellide or Indy-hirds are
another uncatable group, and their conspicnous and singularly
spotted Dodies servo to distinguish them at a glance from all
other beetles.

These uneatable insects are probably more numercus than
is supposed, although we already know immense numbers
that ure so protected. The most remarkable are the threo
fumilies of butterflies—Heliconidse, Danaidie, and Acvaidie—
comprising more than a thousand species, and characteristic re-
spectively of the three great tropical regions—3South America,
Southern  Asia, and Africe.  All these butterflies have
peeatiarities which serve to distinguish them from every
other group in their respective regions.  They all have ample
but rather weak wings, and fly slowly ; they are always very
abundant ; and they all have conspicucus colours or markings,
so distinct from those of other families that, in conjunetion
with their peculiar outline and mode of flight, they can
usually be recognised at a glance.  Other distinctive features
are, that their colours are always ncarly the same on the
under surface of their wings as on the upper ; they never try
to conceul themsclves, but rest on the upper surfaces of
leaves or flowers; and, lastly, they all have juices which
exhale a2 powerful scent, so that when one kills them by
pinching the body, the liquid that exudes stains the fingers
yellow, and leaves an odour that can only be removed by
repeated washings.

Now, there is much direct evidence to show that this
odour, though not very offensive to us, is so to most nscet-
cating creatures, Mr, Bates observed that, when set out to
dry, specimens of Heliconide were less subject to the attacks
of vermin ; while both he and I noticed that they were not
attacked by insect-cating birds or dragonflies, and that their
wings were not found in the forest paths among the numerous
wings of other butterfliies whose bodies had bheen devoured.
Mr. Belt once observed a pair of birds capturing insects for



1x WARNING COLORATION AND MIMICRY 235

their young; and although the Heliconide swarmed in the
vicinity, and from their slow flight could have heen easily
eatight, not one was ever pursued, althonsh other butterflies
did not escape.  His tame monkey also, which wonld greedily
munch np other buttertlies, would never eat the Heliconidw,
It wonld sometimes smell them, but always rolled them up in
its hand and then dropped them.

We have also some corresponding evidenee as to the
distastefulness of the Eastern Danaide. The Hon M
Justiece Newton, who assiduonsly colleeted and took notes
upon the Lepidoptera of Bombay, informed Mr, Butler of the
British Museurn that the large and swift-flying hutterfly
Charnxes psaphon, was eontinually persecuted by the bulbul,
50 that he rarely caught a specimen of this species which had
not o picee suipped out of the hind wings. 1o offered one to
a bulbul which he had in a cage, and it was greedily devowred,
whilst it was only by repeated persecution that he succeeded
in inducing the Jird to touch a Danais?

Besides these three families of butterflies, there are certain
groups of the great genus Papilio—the trae swallow-tailed
batterlliecs—which have all the characteristies of uueatable
inscets.  They have n special eoloration, usually red and
Dlack {at least in the females), they fly slowly, they are vory
abundant, and they possess a peculiar odour somewhat like
that of the lleliconidie.  One of these groups is common in
tropical America, another in tropical Asia, and it is curions
that, although not very closcly allied, they have cach the samo
red and black colonrs, and are very distinet from all the other
butterflies of their respective countries.  There is reason to
believe also that many of the brilliantly coloured and weak-
flying diurnal moths, like the fine tropical Agaristide and
burnet-moths, are similarly protected, and that their con-
spicuous colonrs serve as u warning of inmedibility. The
common hurnct-moth (Anthrocera filipendula) and the equally
conspienous ragwort-moth (Euchelia jacobea) have been proved
to be distasteful to inscet-cating creatures.

b Nagure, vol. iii. p. 165, Professor Meldoln observed that specimens of
Trannis mivl Enplaa iu collections were Joss subject to the attacks of mites
(Proc. Ent. Soe., 1877, p. xii.) ; and this was corroborated lry Mr. Jeuner Weir.
FEniomoloygist, 1882, vol. xv. p. 160.
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The most interesting and most conclusive oxample of
warning -coloration is, however, furnished by cuterpillurs,
hecause in this case the facts have been carefully ascertained
experimentally by competent observers. In the year 18686,
when Mr. Darwin was collecting evidence as to the supposed
effeet. of sexual selection in bringing about the brilliant
coloration of the higher animals, he was struck by the fact
that many ecaterpillars have Drilliant and conspicnons eolours,
in the production of which sexual selection could have no
place.  Weo have numbers of such caterpillars in this country,
and they are characterised not only Ty eheir gay colours hut
by not concealing themselves.  Such are the mullein and the
gooseberry caterpillars, the larve of the spurge hawlk-moth, of
the buff-tip, and many others.  Some of these caterpillars are
wonderfully conspicuous, as in the case of that noticed by
Mr. Bates in South Amerien, which was four inches long,
handed acress with black and yellow, and with hright red
head, legs, and tail.  Hence it caught the eye of any one who
passed by, even ab the distance of many yards.

Mr. Darwin asked me to try and suggest some explanation
of this coloration; and, having heen recently interested in
the question of the warning coloration of butterfiies, I
suggested that this was probably a similar case,~—that these
conspicuous caterpillars were distasteful to hirds and other
insect-eating creatures, and that their hright non-protective
colours and habit of exposing themselves to view, enabled
their enemies to distinguish them at o glanee from the cdible
kinds and thus learn not to touch them; for it must ho
remembered that the hodics of caterpillars while growing
are 80 delicate, that » wound from a bird’s beak would ho
perhaps as fatal as if they were devoured! At this time not
a single experiment or observation had been made on the
subject, hut after I had brought the matter hefore the
Entomological Soeiety, two gentlomen, who kept birds and
other tame animals, undertook to make experiments with a
variety of caterpillars.

Mr, Jenner Weir was the first to experiment with ten
species of smatl birds in his aviary, and he found that none of
them would eat the following smooth-skinned conspicuous eater-

! See Darwin's Descent of Man, 1. 3235,
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pillarg— Abraxas grossulariata, Diloba ceruleocephala, An-
throcera filipenduly, and Cucullia verbasei.  He also found that
they would not touch any haivy or spiny larvae, and he wus
satisfied that it was not the hairs or the spines, ut the un-
pleasunt taste that caused them to be rejected, because in one
cuse & young smooth larva of a hairy species, and in another
case the pnpa of a spiny larva, were equally rejected.  On
the other hand, all green or brown euterpillars as well as
those that resemble twigs were greedily deveured.?

Mr. A G Butler alzo made experiments with some green
lizards (Lacerta viridis), which greedily ate all kinds of food,
incliding flies of many kinds, spiders, bees, butterflies, and
greent caterpillars 3 bat they would not touch ghe caterpillar of
the govscherry-moth (Abraxas grossulariata), or the imago of
the burnet-moth (Anthrocern tilipendudn).  The same thing
happenud  with frogs.  When the gooseherry caterpillars
were first given to them, “they sprang forward and licked
them eagerly iuto their mwouths; no sooncr, however, had
they done so, than they seemed to become aware of the
mistake that they had made, and sat with gaping mouths,
rofling their tongues about, until they had got quit of the
nunseons morsels, which seemed  perfectly uninjured, and
walked off as briskly as ever)”  Spiders seemed equally to
dislike them.  This and anether conspicuous caterpillar
{Halia wavaria) were rejected by two species—the geometrical
garden spider (Kpeira dindema) and a hunting spider.®

Seme further experiments with lizods were made by
Professor Welsmann, quite confirming the previous observa-
tions; and in 1886 Mr. K. B Poulton of Oxford undertook
u considerable series of experiments, with many other species of
larvae and fresh kinds of lizards and frogs. My, Poulton then
reviewed the whole subject, incorporating all recorded facts, as
well as somo additional observations made by Mr. Jenner Weir
in 1886. Morc than a hundred species of larve or of perfect
insects of varions orders have now heen made the subject of
experiment, and the results completely confirm my original
suggestion,  In almost every case the protectively coloured
larvie have Deen greedily caten by all kinds of insectivorous

1 Trunsactivns of the Enfomologicel Sociely of London, 1869, 1. 21,
¢ Ibid., p. 27,
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animals, while, in the immense majority of eases, the con-
gpicuous, hairy, or brightly colonred larva have been rejected
by some or all of them. In some instances the inedibility of
the larvae extends to the perfect insect, but not in others.  In
the former cases the perfect inseet is usually adorned with
conspicuons colours, as the burnet and ragwort moths; hut
in the case of the bufi-tip, the moth resembles o broken piece
of rotten stick, yet it is purtly inedible, being refused by
lizwds, It is, however, very doubtful whether these are its
chief cnemies, and its proteetive form and colour may ho
needed against inscetivorous bivds or mammals,

Mr. Samuel 1L Seudder, who has largely bred North
Ameriean butterflies, has found so many of the eggs and v
destroyed by hymenopterous and dipterous parasites that he
thinks at least nine-tenths, perhaps a greater proportion, never
reach maturity. Yet he has never found any evidence that
such parasites attack cither the egg or the larva of the inedible
Danais archippus, so that in this case the inseot is distasteful
to its most dangerous foes in all the stages of its existenee,
a faet which serves to explain its great abundance and its
extension over almost the whole world !

One case has been found of a protectively coloured larva,
—one, moreover, which in all its habits shows that it
trusts to concealment to escape its enemies—which was yet
always rejected by Mzards after they had seized it, evidently
under the impression that from its colonr it would e
eatuble.  This is the caterpillar of the very common moth
Mania typica; andd Mr. Poulton thinks that, in this ease, the
unpleasant faste is an incidental resuit of some physiological
processes in the organism, and is itself w merely useless
character. It is evident that the insect would not conceal
itself so earcfully as it does if it had not some encmies, and
these are prohably birds or small mammals, as its food-plants
are said to be dock and willow-herh, not suggestive of places
frequented by lizards; and it has been found by experiment
that lizards and birds have not always the same likes and
dislikes, The ease is interesting, because it shows that
nauseous fluids sometimes oceur sporadically, and may thus be
intensified by natural selection when required for the purpose

1 Nature, vol. iii. p. 147,
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of protection. Another oxceptional case is that of the very
conspicuons caterpillar of the spurge hawlk-moth (Deilephila
cuphorbim), which was at once eaten by a lizard, although, as
it exposes itself on its food-plant in the daytime and is very
abundant in some localitics, it must almost certainly be disliked
by birds or by some animals who would otherwise devour it.
H disturbed while feeding it 3s said to turn round with fury
and eject & quantity of green liquid, of an aecid and disagree-
able smell similar to that of the spurge nmilk, enly worse,!

These facts, and Mr. Poulton’s evidence that some larvm
rejected hy lizards at fiest will be caten if the lizards are very
hungry, show that there arve differences in the amount of the
distastefulness, and render it probable that if other food were
wanting many of these conspicuous insects would be caten.
It 1s the abundance of the eatable kinds that gives value to
the inedibility of the smaller number; and this is probably
the reason why so many insects rely on protective colouring
rather than on the acquisition of any kind of defensive
weapons,  In the long run the powers of attack and defence
must balance ench other,  Hence we see that even the power-
ful stings of bees amd wasps only protect them against some
cuenies, since o tribe of birds, the bee-eaters, have been
developed wlich feed npon them, and some frogs and lizards
do 50 oceasionally

The preceding outline will sufficiently explain the character-
istics of “wwming coloration” and the end it serves in nature.
There are many other curious modifientions of it, but these will
be best appreciated after we have discussed the remarkable
phenomenon of “mimiery,” which is bound up with and
altogether depends upon ““warning colour,” and is in some
cases the chicf indication we have of the possession of some
offensive weapon to secure the safety of the species imitated.

Mimiery.

This term has been given to a form of protective resem-
blance, in which one specics 50 closely resembles another in
external form and colouring as to be mistaken for it, aithough
the two may not be really allied and often belong to distinet

! Stainton’s Manual of Butlerflics and Moths, vol. 1. p. 93; E B.
Poulton, Froceedings of the Zool. Soc. of London, 1887, pp. 191-274.
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families or orders. One ereature seems disgnised in order to
be made like another ; hence the terms “mimic” and mimicry,
which imply no voluntary action on the part of the imitator.
It has long been known that stch resemblances do oceur, as, for
cxample, the clear-winged moths of the families Sesiidas and
Aigeriide, many of which resemble bees, wasps, ichneamons,
or saw-flies, and have received names expressive of the re-
semblance ; and the parasitic flies (Yolucella) which closely
resemble bees, on whose larvae the larvie of the flies feed.

The great bulk of such cases remained, howoever, unnoticed,
and the subject was looked upon as one of the inexplicable
curiosities of nature, till Mr. Bates studied the phenomenon
amonyg the butterflics of the Amazon, and, on his return home,
gave the first rational explanation of it.!  The facts are, briefly,
these. Everywhere in that fertile region for the entomologist
the brilliantly coloured Heliconida abound, with all the char-
acteristics which I have already referred to when describing
them ag illustrative of *warning coloration.”  But along
with them other butterflics were oceasionally eaptured, which,
though oftent mistaken for them, on uccount of their close
resemblance in form, colour, and mode of flight, were found
on examination to belong to a very distinet family, the I'ierida,
Mr. Bates notices fiftcen distinet species of Pierida, belonging
to the genera Leptalis und Tuterpe, ench of which closely imitates
gome one species of Heliconidse, inhabiting the same region and
frequenting the same localitios. It must bo remembered that
the two families are altogether distinet in structure, Thae
larvae of the Heliconidiw are tubereled or spined, the pupe sus-
pended head downwards, and the imago has imperfeet fore-
legs in the mule ; while the favva: of the Pieridic aro smooth,
the pupwe are suspended with a brace to keep the head erect,
and the forefeet are fully developed in both sexes. These
differences are as large amd as important as those hetween pigs
and sheop, or between swatlows and sparrows ; while English
entomologists will hest understand the case by supposing that
a species of Pleris in this country was coloured and shaped
like 2 small tortoise-shell, while another species on the Con-
tinent was equally like a Camberwell beauty—so like in both

U Qee Transuctions of the Linnean Sociely, vol. xxiii, pp. 495-086, coloured
plates.
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cases as to bo mistaken when on the wing, and the difference
only to be detected by close examination. As an examplo of
the resemblance, woodeuts ure given of one pair in which the
colours are simple, being olive, yellow, and black, while the

Fie. 23.—Methong psidii (Heliconida).  Leptalls orfse (Pieridm).

very distinet neuration of the wings and form of the head and
bedy enn be easily seen.

Besides these Pieride, Mr. Bates found four true Papilios,
seven Fryeinidie, three Castnins (& genus of duy-flying moths),
and fourteen speeies of diurnal Bombycidm, all imitating some
species of Heliconidae which inhabited the same distriet; and
it is to be especially noted that none of these insects were so
abundant as the Heliconidw they resembled, generally they

R
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were far less common, so that Mr. Bates estimated the pro-
portion in some cases a8 not one to a thousand. DBefore
giving an account of the nnmerous romarkable cases of mimicry
in other parts of the world, and hetween varicus groups
of inseets and of higher awimals, it will he well to explain
briefly the nse and purport of the phenomenon, and also the
mode by which it has been brought about.

How Mimiery hus been Produced.

The fact hasg heen now established that the Heliconideo
possess an offensive odour and taste, which lead to their
haing almost  entirely free from attack by inseetivorous
ereatnres 3 they possess o peculing form and mode of flight,
and do not seck concealment ; while their colonrs—although
very varied, ranging from deep Tlne-black, with white, yellow,
or vivid red Dands and spots; to the most delicate semitrans-
parent wings adorned with pale beown or yellow imwrkings—
are yet always very distinetive, and unlike those of all the
other fumilics of Tutterflies in the same country. Tt s,
therefore, clear that if any other Imtterflies in the sume
region, which are eutable and sufler greant perseention from
insectivorous animals, should come to resemble any of these
uneatable species so closely as to be mistaken for them by
their enemies, they will obtain thereby immunity from per-
scention.  This @ the obvious and suflicient reason why the
imitation is useful, and therefore why it occurs in nature.  We
have now to explain how it has probably heen brought alont,
and also why o still farger number of perseented groups have
not availed themselves of this simple means of protection.

From the great abundanee of the Heliconddme! all over
tropical Ametica, the vast mumber of their genera and species,
and their marked distinetions from all other hutterflies, it
follows that they constitute a group of high antiquity, which
in the course of ages has become more and more specialised,
and owing to its peenliar advantages has now hecome a
dominant and aggressive race.  But when they first arose
frem some ancestral species or group which, owing to the foud

1 These hutterflies are now divided iuto two sub-families, one of whick iy
placed with the Danaidae 5 but to avoid confusion 1 shall always speak of the
American genera nuder the old term Heliconidie.
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of the larvae or some other cause, possessed disagrecable
juices that caused them to he disliked by the usual enemies
of their kind, they were in all probability not very different
cither in form or coloration from many other butterflies.  They
would at that time he subject to rvepeated attacks by insect-
aters, and, even if finully rejecled, would often reecive a
futal indney.  Hence arose the necessity for some distinguish-
ing mark, by which the devourers of hutterflies in general
might lonrn that these particulur butterflies were uneatalle
and every variation leading to sueh distinetion, whether by
form, colour, or mode of thight, was preserved and accumulated
by natial selection, 1ill the ancestral Heliconoids hecame well
distinguished from eatable buttertlies, and theneeforth cem-
paratively free from perseention.  Then they bud o good
time of it.  They acquired lazy habits, and flew about slowly.
They inercased abundantly and spread all over the country,
their Jarvie feeding on many plints and aequiring different
habits; while the Dutterflies themsclves varied greatly, and
colour heing useful rather than injurious to theny, gradually
diverged into the many coloured and beautifully varied forms
we now behold,

Buat, during the ewrly stages of this process, some of the
Tieridae, inhahiting the same district, happened to be sufficiently
like some of the Heliconidie to he oceasionally mistaken for
them, These, of eonrse, survived while their companions were
devoured, Those among their descendants that were still more
like Heliconidiv again survived, and at length the imitation
wonld become tolerably perfect.  Thereafter, as the protected
group diverged into distinet species of many difterent colonrs,
the imitative group would occasiomally he able to follow it
with similar variationg,—a process that is going on now, for
M. Bates informs us that in each fresh district he visited he
fonnd closely allied representative species or varieties of
Hoeliconides, and  along  with them species of Teptalis
(Pierida), which had varied in the same way so as still to he
exact imitations. DBut this process of imitation would De
siljeet to cheek by the inereasing acuteness of birds and other
animals which, whenever the catalle Leptalis beeame numerons,
would surely find them ont, and would then probably attaek
both these and their friends the Heliconide: in order to devour
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the former and rejoct the latter. The Pieride would, however,
usually be less numerous, becanse their larve are often pro-
tectively coloured and therefore edille, while the larvae of the
Heliconidee are adorned with warning colours, spines, or
tubereles, and are unecatable. Tt seems probable that the
larvie and pupee of the Heliconidme were the first to acquire
the protective distastefnlness, both hecanse in this stage they
are more defenceless und more liable to futal injury, and also
because we now find many instances in which the larve are
distasteful while the perfeet insects are eatable, Int T believe
none in which the reverse is the case.  The larve of the
Pieride are now beginning to acquire offersive juices, buf
have not yet obtained the corresponding conspicnous eolours ;
while the perfeet inscets remain catable, except perhaps in
gome Hastern groups, the under sides of whose wings are
brilliantly coloured although this is the part which is exposed
when at rest,

It is clear that if a large majority of the larve of Lepido-
ptera, as well as the perfect insects, aequired these distaste-
ful properties, so as scriously to diminish the food supply of
insectivorous and nestling birds, these latter would be foreed
by necessity to acquire corresponding tastes, and to cat with
pleasure what some of them now cat only under pressure of
hunger ; and variation and natural selection would soon Twing
about this change.

Muany writers have denicd the possibility of such wonderful
resemblances heing produced by the accumulation of fortuitous
variations, but if the reader will call to mind the large amount
of variability that has been shown to exist in all erganisms,
the exceptional power of rapid increase possessed by inscets,and
the tremendous struggle for existence aulways going on, the
diffieulty will vanish, especially when we remember that
nature has the same fundamental groundwork to act upon in
tho two groups, general similarity of forms, wings of similar
texture and outline, and probably some original similarity of
colonr and marking. Yet there is evidently considerahle
difficulty in the process, or with these great resources at her
command nature would have produced more of these mimicking
forms than she has done.  One reason of this deficiency prob-
ably is, that the imitators, being always fewer in number, have
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not been able to keep pace with the variations of the much
mors numerous imitated form ; another reason may he the
ever-inereasing acuteness of the enemics, which have again
and again detected the imposture and exterminated the
foeble race hefore it has had time to hecome further modified.
The result of this growing acuteness of enemics has been,
that those mimics that now survive exhibit, as Mr, Bates well
remarks, *u pualpably intentional likeness that is perfectly
staggering,” and also * that those features of the portrait are
most attended to by nature which produce the most effective
deception when the insects are seen in nature.” No ong, in
fact, can understand the perfection of the imitation who has
not secn these speeics in their nutive wilds. So complete
is it in general effect that in almost every box of buttertlics,
brought from tropical America by amateurs, are to he found
some specics of the mimicking Pierida, Erycinidie, or moths,
and the mimicked Heliconide, placed together under the
impression that they are the same species. Yot more ex-
traordinary, it sometimes deceives the very insects themselves.
Mir. Trimen states that the male Danais chrysippus is some-
times deceived by the femalo Dindema bolina which mimics
that species.  Dr. Fritz Muller, writing from Brazil to Professor
Meldoly, says, “ One of the most intoresting of our mimick-
ing butterflics is Leptulis melite.  The female alone of this
specics imitates one of our common white Pieridse, which she
copies so well that even her own male is often deceived ; for
I have repeatedly scen the male pursuing the mimicked
species, till, aftor closely approaching and becoming aware of
his error, he suddenly returned,”!  This is cvidently net a
case of true mimiery, since the species imitated is not pro-
tocted ; but it may be that tho less abundant Leptalis is able
to mingle with the female Picridee and thus obtain partial
immunity from attack. Mr. Kirby of the insect department
of the British Muscum informs me that there arc several
species of Seuth American Pieride which the female Leptalis
melite very nearly resembles. The case, however, is intercst-
ing as showing that the butterflics are themselves deceived hy
a resemblance which is not so great as that of some mimicking
species.
1 R. Meldola in Ann. and Maeg. of Nal, fist,, Feb, 1878, p. 158.
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Other Examples of Minicry among Lepidoptera,

In tropical Asia, and eastward to the Pacific Islands, the
Danaide take the place of the Heliconidie of America, in their
abundanee, their conspicnousness, their slow Hlight, and their
being the subjects of mimicry. They exist under threo
principal forms or genera. The genus Eupleea is the most
abundant hoth in species and individuals, and consists of fine
broad-winged butterflics of a glossy or metallic hluo-blaclk
colour, wdorned with pure white, or rich blue, or dusky mark-
ings situated round the marging of the wings. Danais Twas
generally more lengthened wings, of a semitransparent greenish
or a rich brown colour, with radial or marginal pale spots;
while the fine Hesting are of cnormous size, of a papery or
semitransparent white colonr, with dusky or black spots and
markings. Each of these groups is mimicked by various
species of the genus Papilio, usually with such accurncy that
it is impossible to distinguish them on the wing? Sevoeral
species of Diadema, a genus of lutterfiies allied to our
Vanessas, also mimie species of Danais, but in this case the
females only are affected, a subject which will e discussed in
another chapter.

Another protected groop in the Kastern tropics is that of
the beautiful day-flying moths forming the family Agaristic,
These are usually adorned with the most brilliant colonrs or
conspicuous markings, they Hly slowly in forests among the
butterflivs and other diurnal insects, und their great abundance
sufficiently indicates their possession of some distastefuluess
which saves them from attack. Under these conditions we
may oxpect to find other moths which are not so protected
imitating them, and this is the cuse.  One of the commion and
wide-ranging species (Opthalmis lincea), found in the islunds
from Amboyna to New Irelund, is mimicked in a wonderful
manner by one of the Liparidw (the family to which our
common ‘‘tussock ” and “ vapourer ” moths belong).  This is
a new species collected at Amboynu during the voyage of the
Chullenger, and has been named Artuxa simulans.  Both

1 8ee Trans, Linn. Soc., vol. xxv. Wallace, on Variation of Malayan

Papilionidic ; and, Wallace’s Conéributions tv Natural Selection, chaps, il and
iv., where full details are given.
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insects are black, with the apex of the fore wings ochro coloured,
and the outor half of the hind wings Dright orange. Tho
accompanying woodeuts (for tho use of which T am indehted
to Mr. John Murray of the Challenger Office) well exhibit their
striking resemblance to cach other.

Fia. 24.—Opthalmis lincea (Aparistide).  Artaxa simulans (Liparide).

In Africa exactly similar phenomena recur, species of Papilio
and of Diadema mimicking Danaide or Acrwide with the
most curions accuracy. Mr. Trimen, who studied this subject
in South Africa, has recorded eight species or varigties of
Diandema, and cight of Papilio, which cach mimic some
species of Danads ; while eight species or varicties of Panopea
(another genus of Nymphalide), threc of Melanitis (Kury-
telidae), and two of Papilin, resemble with equal accuracy
some species of Acrmnl  Tlo has also independently observed
the main facts on which the explunation of the phenomenon
rests,—the unpleasant odour of the Danais and Aerea, extend-
ing to their larvee and pupa; their great alundance, slow
flight, and disregard of concealment ; and ho states that while
lizards, mantidse, and dragonflies all huut butterflies, and the
rejeeted wings are to be found abundantly at some of their

Y Seo Trans, Linn. Soc, vol. xxvi, with two coloured plates illustrating
cages of mindery,
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feeding-places, those of the two genera Duonals and Acrwma
were never among them.

The two groups of the great genus Papilio (the true swallow-
tailed butterflies) which have been already referred to as
huving the special characteristies of uneatable insects, have also
their imitators in other groups; and thus, the belief in
their incdibility——derived mainly from their style of warning
coloration and their peculiar habits—is confirmed. In South
America, several species of the * Aneas” group of these
butterflies are mimicked by Pieride and by day-flying moths
of the genera Castnin and Pericopis.  In the East, Papilio
hector, P. diphilus, and P, liris, all belonging to the inedible
group, are mimicked by the females of other specics of Papilio
belonging to very distinet groups; while in Northern India
and China, many fine day-flying moths (Epicopeia) have ac-
quired the strange forms and peculiar colours of some of the
large inedible Papilios of the same regions.

In North America, the large and handsome Danais
archippus, with rich reddish-brown wings, is very commeon;
and it is closely imitated by Limenitis misippus, a butterfly
allied to our “white admiral,” hut which has acquired a colour
quite distinet from that of the great bulk of its allics. In
the same country there is a still move interesting case. The
beautiful durk bronzy green butterfly, Pupilio philenor, is
inedible both in larva and perfect insect, and it is mimicked
by the equally dark Limenitis ursula. There is also in the
Southern and Western States a dark female form of the yellow
Papilio turnus, which in all prebability obtains protection from
its general resomblanes to P. philenor. Mr. W. I Edwards
has found, by extensive experiment, that both the dark and
yellow females produce their own kinds, with very few excep-
tions ; and he thinks that the dark form has the advantage in
the more open regions and in the prairies, where insectivorous
birds abound. But in open country the dark form would
be quite as conspicnous as the yellow form, if not more so,
g0 that the resemblance to un inedible species wonld he there
more needed.!

The only probable case of mimicry in this country is that
of the moth, Diaphora mendica, whose female only is white,

! Ydwards's Butterflies of North America, second seties, part, vi.
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while the lurva is of protective colours, and therefore almost
certaindy edible. A much more abundant moth, of about the
satne size and appearing about the same time, is Spilosoma
menthrasti, also white, but in this case both it and its lurva
have been proved to be inedible, The white colour of tho
female Diaphora, although it must be very conspicnons at
night, may, thercfore, have been acquired in order to re-
semble the uneatable Spilosoma, and thus gain some pro-
tection,!

Mimiery among Profected ( Uneatnble} (Tenera.

RBefore giving some account of the numerous other cases
of warning colours and of mimiery that occur in the animal
kingdom, it will he well to notice a curious phenomenon
which long puzzled entomologists, hut which has at length
received a satisfactory explanation.

We have hitherto considered, that mimicry could only occur
when a comparatively scarce and much perscouted specics
cbtained protection by its close external resemblance to a
nmch more abundant uncatable species inhabiting its own dis-
triet ; and this rule undoubtedly prevails among the great
majority of mimicking species all over the world. But Mr.
Bites also found a pamber of pairs of species of different genera
of Heliconide, which resembied each other quite as closely as
did the other mimicking species he has deseribed ; and sinee
all these Inscets appear to be equally protected by their in-
edibility, and to be equally free from persecution, it was not
eusy to sce why this curious resemblance existed, or how it
had been brought about. That it is not due to close aflinity
is shown by the fact that the resemblancs occurs most fre-
nuently between the two distinet sub-families into which (as
Mr, Bates first pointed out) the Heliconidm are naturally
divided on account of very important structursl differences.
One of these sub-families (the true Heliconinm) consists of two
genera only, Heliconius and LEueides, the other {the Danaoid
Heliconinm) of no less than sixteen genera; and, in the in-
stances of mimicry we are now discussing, one of the pairs or

! Professor Meldola informs me that he huas recorded another case of
mimicry among British moths, in which Aeidaliz subscricata imitates Astliena
candidata., See Xnf. Mo, Muy., vol. iv, p. 163,
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triplots that rosemble each other is nswally a specics of the Iy ree
and handsome genus Heliconius, the others heing speei o4 of
the genera Mechanitis, Melinwa, or Tithoren, though s.eyera]
species of other Danaoid genera also imitate each other. Ty,
following lists will give some idea of the number [, these
curious imitative forms, and of their presence in ever:,, part of
the Neotropical aren. The brucketed species are th ge0 that
resemble ench other so closely thut the difference is nugg per-
ceptible when they are on the wing, N

In the Lower Amazon region are found—-

Heliconius sylvana.
Melinwea egina,
Heliconius numata,
Melinea mnente.
Tithorea harmonia,
Methona peidii,
Thyridias o,
Ceratina ninonia,
Melinma mnasias,

In Central Amcrica are found—
Heliconius zuleika.
Nicaragua { Melinwa hezia.
Mechanitis sp.
Heliconius fermosus.
Tithorea penthias,
Iicliconius telehina,

Guatemala { Melinwa iwitata,

In the Upper Amazon region—
Helicanins pardalinus,
Melinaa pardalis,
Heliconins aurora,
Melinea lucifer.

In New Grenada—
Heliconjus ismenius,
Melinzxa messatis,
Heliconius messene.
Melinga mescuina.
{1} Mechanitis sp,
Heliconius hecalesia,
Tithorea hecalesina,
Heliconius liecuba.
Tithorea honplaudi,
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In Eastern Peru and Bolivia—
Helivonius aristona.
4 Melinag eydippe.
{2} Mechanitis mothone.

Ta Pernambuco—
s TEeliconius ethra.
{ Mechauitis nesca,
In Rio Janciro—
{ Helivonivg cuerate.
Mechanitis lysimuia,
In South Brazil—
Thyridia megisto.
Ttuna ilione.
Acrma thalia,

Eucides pavana,
Besides these, a number of species of Ithomia and Napeo-
genes, and of Nupeogenes and Mechunitis, resemble each other
with equal accuracy, so that they are liable to be mistaken

Fia, 25, —Wings of 1tuna Ilione, &. Wings of Thyridia 1megistn, &,

for each other when on the wing; and no doubt many other
cqually remarkable cases are yet unnoticed.

The figures above of the fore and hind wings of two of these
mimicking speeies, from Dr. Fritz Miiller’s original paper in
Kosmos, will serve to show the counsiderable amount of
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difference, in the important charaeter of the neuration of the
wings, between these butterflies, which really belong to very
distinet and not at all closely allied genera.  Other important
characters are—(1) The existence of a small basal cell in the
hind wings of Ituna which is wanting in Thyridia ; (2) the
division of the cell between the veins 10 and 2 of the
hind wings in the former genus, while it is undivided in the
latter ; and (3) the existence in Thyridia of scent-producing
tufts of hair on the upper edge of the hind wing, while in
Ttuna these are wanting; but in place of them arc extensible
processes at the end of the abdomen, also emitting a powerful
scent. These differences characterise two marked subdivisions
of the Danaoid Heliconine, each containing several distinet
genera; and these subdivisions are further distinguished by very
different forms of larvae, that to which Ttuna belongs having
from two to four long threadlike tentacles on the back, while
in that containing Thyridia these are alwuys ubsent. The
former usnally feed on Asclepiades, the latter on Solanacew
or Scrophulariacese.

The two species figured, though belonging to such distinet
and even remote genera, have acquired almost identical tints
and markings so as to be deceptively alike. The surface of
the wings is, in both, transparent yellowish, with Dbluck trans-
verse bands and white marginal spots, while both have similar
black- and white-marked bodies and long yellow antenn:.
Dr. Miiller states that they both show a preference for the
same flowers growing on the edges of the forest paths.!

We will now proceed to give the cxplanation of these
curious similarities, which have remained a completo puzzle
for twenty years. Mr. Bates, when first describing them,
suggested that they might be due to some form of parallel
variation dependent on climatic influences; and I myself
adduced other cases of coincident locul meodifications of
colour, which did not appear to be explicable by any form
of mimiery.® But we neither of us hit upon the simple
explanation given by Dr. Fritz Miiller in 1879,

His theory is founded on the assumed, but probable,

1 ¥rom Professor Meldola's translation of Dr. ¥, Muller's paper, in Proe.
Fni, Soe. Lond., 1879, p. xx.
¥ Islund Life, p. 258,
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fact, that insect-eating bhirds only learn by experience to
distingnish the edible from the inedible butterflies, and in
doing so necessarily sacrifice a certain number of the latter.
The qnantity of insectivorous birds in tropical America is
enormous ; and the nmumber of young birds which every year
have to leurn wisdom by experienee, as regards the species of
butterflies to be caught or to he avoided, is so great that the
sacrifice of life of the incdible specics must be considerable,
and, to a comparatively weak or scarce species, of vital im-
portance. The nnmber thus sacrificed will he fixed by the
quantity of young birds, and by the number of experiences
requisite to canse them te avoid the incdible species for the
future, and not at all hy the numbers of individuals of which
cach species consists.  Henece, if two species are so much
alike as to he mistaken for one another, the fixed number
anmully saerificed by inexperienced birds will be divided be-
tween them, and both will benefit.  But if the two species are
very uncqual in numbers, the benefit will be comparatively
slight for the more Lblll’lddl’lt species, but very great for the rare
one. To the laiter it moay make all the difference Dhetween
safety and destruction.

To give a rough numerical example.  Tet us suppose that
in a given limited district there are two species of Heliconidz,
one consisting of only 1000, the other of 100,000 individuals,
and that the quota required annually in the sume district for
the instruction of young insectivorous birds is 500. By the
Iarger specios thig loss will be hardly folt; to the smaller it
will mean the most dreadful per:;ecutlon resulting in a
loss of half the total population. But, let the two species
become superficially alike, so that the l)irds see no differcnce
between them.  The quota of 500 will now be taken from a
combined population of 101,000 butterflies, and if propor-
tionate nuwmbers of each suffer, then the weak species will
only lose five individuals instead of 500 as it did before,
Now we know that the different species of Heliconide are
not equally abundant, some being quite rare; so that the
benefit to he derived in these latter enses would be very im-
portant. A slight inferiority in rapidity of flight or in powers
of elading attack might also be a cause of danger to an in-
edible specics of scanty numbers, and in this case too the being
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merged in another much more abundant species, by similarity
of external appearance, would be an advantage.

The question of fact remains, Do young hirds pursue and
capture these distasteful Imtterfiies till they have learned hy
bitter experience what species to avoid ¥ On this point Dr.
Miiller has fortunately heen able to obtain some direct evi-
dence, by capturing several Aeraas and Ileliconidic which had
evidently been seized by birds but had afterwards eseaped, as
they had pieces torn ont of the wing, sometimes symmetri-
cally out of both wings, showing that the insect had leen
seized when at rest and with the two pairs of wings in contact.
There is, however, & general impression that this knowledge is
hereditary, and does not need to he acquired by young hirds ;
in support of which view Mr. Jenner Weir states that his birds
always disregarded inedible eaterpillars.  When, day by day,
he threw into his aviary various larvie, those which were
edible were eaten immediately, those which were inedible
were no more noticed than if a pebble had been thrown
before the birds.

The cases, however, are not strictly comparable. The
birds were not young birds of the first year; and, what
is more important, edible larve have a comparatively simple
coloration, heing always brown or green and smooth.  Uneat-
ahle larvee, on the other hand, comprise all that are of conspicu-
ous colours and are hairy or spiny. DBut with butterflies there
is no such simplicity of contrast. The catable hutterfiies eom-
prise not only hrown or white speeies, but hundreds of
Nymphalidie, Papilionide, Lycwnidee, ete, which are gaily
coloured and of an immense variety of patterns. The eolours
and patterns of the inedible kinds are also greatly varied,
while they are often equally gay; and it is quite Impossible
to suppose that any amount of instinct or inherited habit
(if such a thing exists) could enable young insectivorous
birds to distinguish all the species of one kind from all
those of the other. There is also some evidence te show
that animals do learn hy experience what to eut and what
to avoid. Mr. Ponlton was assnred by Kev. (. J. Bursch
that very young chickens peck at insects which they after-
wards avoid. Lizards, too, often scized larva which they were
unable to eat and ultimately rejected.
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Although the Heliconidwe present, on the whole, many
variotics of coloration and pattern, yet, in proportion to the
number of distinet species in each district, the types of
coloration are few and very well marked, and thus it becomes
eagier for u ird or other animal to learn that all belonging to
such types are uneatable.  This must he a deeided advantage to
the family in question, beeause, not only do fewer individuals
of each species need to e sacrificed in order that their enemies
may learn the lesson of their inedibility, but they arc more
casily recognised at a (hut‘mco, and thus ecscape even pursuit.
There is thus & kind of mimje ry between closely allied species
as well as hetween species of distinet genera, all tending to the
saume beneficial end.  This may be seen in the four or five
distinet species of the genns Heliconius which all have the same
])eu:h i type of coloration —-n, vellow hand across the upper
wings and ridiating red stripes on the lower,—and are all found
in the same forests of the Lower Amazon; in the nunerous
very similar specics of Ithomia with fransparent wings, found
in every locality of the sime region ; and in the very numerous
species of Papilio of the ./Eneas group, all having a similar
style of marking, the resemblance heing espec :.ﬂly close in
the females. The very uniform type of colowring of the
blue-hlack Hupleas and of the fulvous Acraas is of the
same character.!  In all these cases the similurity of the
allied species is so greaf, that, when they are on the wmg
at some distance Oﬂ it s diffienlt to distinguish one '-‘\P(’(‘l(ih
from another.  But this close external ILS(,IIl])Lan(,- is not
always o sign of very near affinity ; for minute examination
deteets differences in the form and sealloping of the wings, in
the markings on the hody, and in those on the under surface
of the wings, which do not wsually characterise the closest allies,
It is to he further noted, that the presence of groups of very
similar species of the same genns, in one loeality, is not at all
a common phenomenon among unprotected groups.  Usually
the speeies of o genus found in one locality are each well
marked and belong to somewhat distinet types, while the

! This extonsion of the theory of wimicry was pointed eut hy Professor
Meldala in the paper already referred to 5 and hie has answered the objections
tn Dr. F. Muller's theory with great foree in the dnnals and Moy, of Nut.
Hist,, 1882, p. 417.
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closely allied forms—those that require minute examination
to discriminate them us distinet spscies——are most generally
found in separate areas, and are what are termed representative
forms.

The extension we have now given to the theory of mimicry
is important, since it cnables us to expluin a much wider
range of colour phenomena than those which were first im-
puted to mimicry. It is in tho richest butterfly region in the
world—the Amazon valley—that we find the most abundant
evidence of the three distinet sets of facts, all depending on
the same general principlee.  The form of mimdery first
clucidated by Mr. Bates is characterised by the presence in
each locality of certain hutterflies, or other insects, themselves
edible and belonging to edible groups, which derived protee-
tion from having acqnired a deceptive resemblance to somo
of the inedible butterflics In the same localities, which latter
were believed to be wholly free from the attacks of in-
sectivorous hirds. Then came the extension of the prineiple,
by Dr. ¥. Miiller, to the cuse of species of distinct genera
of the inedible butterflies recsemlding cach other ¢uite as
closely as in the former cases, and like them always found
in the same localities. They derive mutual henefit from
becoming, in appearance, onc species, from which a certain
toll is taken annually to teach the young insectivorous birds
that they are uneatable, FEven when the two or more species
are approximately equal in naombers, they each derive a
considerable benefit from thus combining their forees; but
when one of the spocies is scarce or verging on extinction, the
benefit beeomes exeeedingly great, being, in fact, exactly appor-
tioned to the need of the species.

The third extension of the same principle explains the
grouping of allied species of the same genera of inedible
butterflies into sets, each having a distinet type of coloratien,
and each consisting of a number of species which can hardly
be distingnished on the wing. This must be useful exuctly
in the same way us In the last case, since it divides the
inevitable toll to insectivorous hirds and other animals
among a number of speeies. It also explains the fact of the
great similarity of many species of inedible insects in the
same locality—a similarity which does not obtain to anything
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like the same extent among the edible species. The explanar
tion of the various phenomena of resemblance and mimiery,
presented by the distasteful butterflies, may now be eonsidered
tolerably complete.

Mingicry in other Orders of Insects.

A very brief sketch of these phenomena will be given,
chiefly to show that the same prineiple prevails thronghont
nature, and that, wherever a rather extensive group is
protected, cither by distastefulness or offensive weapons,
there are usually some species of edible and inoffensive
groups that gain protection by imitating them. It has been
already stated that the Telephoride, Lampyride, and other
families of soft-winged hectles, are distasteful ; and as they
abound in all parts of the world, and especially in the tropics,
it 18 not surprising that inseets of many other groups should
imitate them. This is especially the case with the longicorn
boetles, which are much perscented by insectivorous birds ; and
everywhere in tropical regions some of these are to be found
so completely disguised as to e mistaken for species of the
protected groups.  Numbers of these imitations have been
already recorded by Mr. Bates and myself, but T will here
refer to o few others,

In the recently published volumes on the Lengicorn and
Malacoderm beetles of Central America ! there are nuunbers of
heautifully coloured figures of the new species ; and on looking
over them we are struck by the curious resemblance of some
of the Longicorns to spectes of the Malucoderm group. In
some cases we discover periect nnmlc‘a, and on tnrning to the
deseriptions we always find these pairs to come from the
same locality. Thus the Otheostethus melanurus, one of the
Prionidm, imitates the malacoderm, Lucidota discolor, in
form, peenliar eoloration, and size, and both are found at
Chontales in Niearagua, the species mimicked having, how-
aver, as i3 usnal, & wider range. The curious and very rare
little longicorn, Tethlimmena aliena, quite unlike its nearest
allies in the same country, is an vxact copy on o somewhat
gmaltler scale of » malacoderm, Lygistopterus amabilis, both

I Godmun and Salvin's Bivlogie Ceatrali-Americwn, Insccte, Coleoptera,
vol. iil, part ii , and vol. v.

8
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found at Chontales. The pretty longicorn, Callia albicornis,
closely rescmbles two speeies of malacoderms (Bilis chaly-
beipennis and Colyphus signatieollis), all heing small heetles
with red head and thorax and bright blue elytra, and all
three hive heen found at Panama.  Many other species of
Callin also resemble other malncoderms; and the longicorn
genus Lycidola has bheen named from its resemblance to
varions species of the Lycide, one of the speeies heve fignred
(Lycidola belti} heing a geod mimic of Calopteron corrugatum
and of several other allied spocies, all being of about the same
size amd found at Chontales, In these casos, and in most
others, the longicorn heetles have lost the general form and
aspect of their allies to take on the appearance of u distinct
tribe.  Some other groups of beetles, as the Elateride and
Euenemida, also deceptively mimic malacoderms.

Wasps and hees aro often closely imitated by inscets of
other orders. Many longicorn heetles in the tropics exactly
mimic wasps, becs, or ants. In Borneo a large black wasp,
whose wings have a broad white patch near the apex (Myg-
nimia aviculus), is closcly imitated by a heteromerous heetle
{Coloborhombus fusciatipennis), which, contrary to the gencral
habit of beetles, keeps its wings expanded in order to show
the white patch on their apex, the wing-coverts being reduced
to small oval scales, as shown in the figure. This 1s a most
remarkable instanee of mimiery, becauso the beetle has had to
acquire so many characters which are unknown amony its allies
{excopt in another species from Javay—the expanded wings,
the white band on them, and the oval scale-like elytral
Another remarkable case has been noted by Mr. Neville
Goadman, in Egypt, where a common hornet (Vespa orientalis)
is exactly imitated in eolour, size, shape, attitude when at
rest, and mode of flight, by a bectle of the genus Laphria.?

The tiger-beetles (Uicindelidae) are also the subjects of
mimiery by more harmless insects. In the Malay Islands 1
found a heteromerous beetle which exuctly resembled a
Therates, both being found running on the trunks of trees.
A longicorn (Collyrodes Lacordairei) mimics Collyris, another
genus of the same family; while in the Philippine Islands

1 Prans. Eat. Soc, 1885, p. 369,
2 Prroc. Cambridge Phil, Soe., vol. iil. part ii., 1877,
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there is a cricket (Condylodeira tricondyloides), which so
closcly resembles a tiger-beetle of the genus Tricondyla

Fia. 26.—Mygnimia aviculus (Wasp).  Coloborhomlns Lasriatipennis (Beetle),

that the experienced entomologist, Professor Westwood, at first
placed it in his cabinet among those beetles.
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One of the characters hy which some beetles are protected
is excessive hardness of the elytra and integuments. Several
genera of weevils (Curculionidz) are thus saved from attack,
and these are often mimicked by species of softer and more

T
&4
4 n

Fia, 2T,

e. Doliops sp. {(Longicorn) mimies Pachyrhynehus orbifa, (3) {a hard curculio).
¢, Doliops curculionnidea mumnies {d) Pachyrhynehus sp.
e, Heepastng pachyrhynclodes {a grasshopper) mumics () Apueyrtus sp. (o hard
curculio).
¢. Dolinps sp mimies () Pachyrhynehus ap.
i. Phoraspis (grasshepper) mimics (k) a Coceinella,
All the above gre from the Plulippines.  The exaet correspondence of the eolours
of the inseets themselves renders the muniery much moe coplete in naturee than it
appears in the above figures.

catable groups. In South America, the genus Heilipus is one
of these hard groups, and both Mr. Bates and M. Reelofs,

a Belgian ecntomologist, have noticed that species of other
genera exactly mimic them. e, in the Thilippines, there
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is o group of Curculionidewe, forming the genus Pachyrhynchus,
in which all the species are adorned with the most brilliant
metallic colours, handed and spotted in a curious manner,
and are very smooth and hard.  Other genera of Curculionide
(Desmidophorus, Alcides), which are usnally very differently
colonred, have species in the Philippines which mimie the
Pachyrhynchi; and there are also several longicorn beetles
(Aprophata, Doliops, Acronia, and Agnia), which also mimie
them. Besides these, there are some longicorns and cotonias
which reproduce the same colours and markings; and there
is even a cricket (Scopastus pachyrhyncheides), which has
taken on the form and peculiar coloration of these beetles
in order to escape from enemies, which then avoid them as
uneatable.!  The figures on the opposite page oxhibit soveral
other examples of these mimicking insects,

Innumernble other eages of mimiery ocenr among tropieal
inseets ; but we must now pass on to consider a few of the
very remarkable, but much rarer instances, that are found
among the higher wnimals.

Mimicry wmong the Vertebrala,

Perhaps the most remarkable cases yet known are those of
certain harmless snakes which mimie poisonons speeics.  The
genus Elaps, in tropical America, consists of poisonous snakes
which do not helong to the viper family (in which are included
the rattlesnakes and most of those which are poiscnous), and
which do not possess the bread triasngular head which charae-
teriscs the latter.  They have a peculiar style of coloration,
consisting of alternate rings of red amd black, or red, black,
and yellow, of different widths and grouped in various ways
in the different species ; and 1t is a style of coloration which
does not oceur in any other group of snakes in the world.
But in the same regions are found three genora of harmless
snakes, belonging to othor families, some fow species of which
mimic the poisonous Elaps, often so exactly that it is with
diffienlty one cun be distinguished from the other.  Thus
Elaps fulvius in Guatemala is imitated by the harmless Plio-
cerus equalis; Elaps corallinus in Mexico is mimicked by the

87; Compte Hendw de la Svcidté Entomologique de Belgaue, series ii., No, 59,
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harmless Homalocranium semicinetnm ; and Elaps lemniseatus
in Brazil is copied by Oxyrhopus trigeminus; while in other
parts of South Ameriea similar cases of mimicry cecur, some-
times two harmless species imitating the same poisonous
snake,

A few other instances of mimiery in this group have heen
recorded. There is in South Afriea an egg-eating snake
(Dasypeltis scaber), which has neither fangs nor teeth, yet it is
very like the Berg adder (Clothos atropos), and when alarmed
renders itself still more like by flattening out its head and
darting forward with a hiss as if to strike a foo! Dr. A. B.
Mecyer has also discovered that, while some species of the
genus Callophis {(belonging to the same family as the American
Elaps) have large potson fangs, other specics of the same genus
have none ; and that one of the latter (C. gracilis) rescmbles
a poisoncus species (C. intestinalis) so closcly, that only an
exact comparison will discover the difference of colour and
marking. A similar kind of resemblance is said to exist
between another harmless swake, Megmrophis flavieeps, and
the poisonous Callophis bivirgatus; and in both these cases
the harmless snako is less abundant than the poisonous one,
ag oceurs in all examples of true mimiery,?

In the genus Elapy, above referred to, the very peculiar
style of colour and marking is evidently a “warning colour”
for the purpose of indicating to snake-eating birds and mam-
mals that these species are poisonous ; and this throws light on
the long-disputed question of the nse of the rattle of the
rattlesnake. This reptile is really Loth sluggish and timid,
and iz very casily captured by those who know its hahits, 1f
gently tapped on the head with a stick, it will coil itself up
and lie still, only raising its tail and rattling. It may then
be easily canght. This shows thut the rattle is a warning to
its encmies that it is dangerous to proceed to extremities;
and the creature has probably aequired this structure and
habit becanse it frequents open or rocky districts where
protective colour is needful to save it from being pounced
upon by buzzards or other snake-eaters. Quite paraliel
in function is the expanded hood of the Indian cobra, a

1 Neture, vol, xxxiv, p. 547,
2 Proceedings of the Zool. Soc. of Londoen, 1870, p. 369,
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poisonous snake which helongs also to the Elapidw. This
is, no doubt, a warning to its foes, not an attempt to
terrify its prey ; and the hood has heon aequired, as in the
case of the rattlesnake, Dhecanse, protective ecoloration being
on the whole useful, some murk was required to distingnish
it from other protectively ecoloured, but harmless, snakes.
Baoth these species feed on active creatures eapuble of escaping
if their enemy were visible at o mederate distance.

Mimicry among Birds,

The varied forms and habits of birds do not favour the
prochuction among them of the phenomena of warning colours
or of mimicry ; and the extreme development of their instinets
and reasoning powers, as well as their activity and their
power of flight, nsnally afford them other means of evading
their enemies.  Yet there are a few imperfect, and one or
two very perfect cases of true mimiery to be found among
them. The less perfect examples are those presented by
soveral speeies of euckoos, an exceodingly weak and de-
fenceless group of birds. COur own cuckoo is, in eolour and
markings, very like a spurrow-hawk. In the East, several
of the small Wack cuckoos closcly resemble the aggressive
drongo-shrikes of the same country, and the small metallic
cuckoos are like glossy starlings; while a large ground-
cuckoo of Borneo {Carpocovcyx radiatus) resembles one of
the fine pheasants (Euplocamus) of the same country, both in
form and in its rich metallic colours,

More perfeet cases of mimicry oceur between somo of the
dull-coloured orioles in the Malay Archipelago and o genus of
large honey-suckers—the Tropidorhynehi or  Friar-birds.”
These Jatter are powerful and neisy birds which go in small
flocks.  They have long, curved, and sharp heaks, amd power-
ful grasping claws ; and they are quite able to defend them-
sclves, often driving away crows and hawks which venture to
approach them too nearly. The orioles, on the other hand,
are weak and timid birds, and trust chiefly to conecalment
and to their retiring halits to escape persecution. In each
of the great islands of the Austro-Malayan region there is a
distinet species of Tropidorhynchus, and there is always along
with it an oriole that exactly mimics it, All the Tropidorhynchi
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have a patch of bure Dblack skin round the eyes, and a ruff
of curious pale recurved feathers on the napo, whenee their
name of Friar-birds, the ruff heing supposed to resemblo the
cowl of u friar. These peculiarities ure imitated in the orioles
by patches of feathers of corresponding eolours ; while the dif-
ferent tints of the two species in cach island are exactly the
satme. Thus in Bourn both are earthy brown ; in Ceram they are
both washed with yellow ochre; in Timor the under surface
is pale and the throat nearly white, and Mr. H. O. Forbes has
recently discovered another pair tn the island of Timer Laut,
The close resemblance of these several pairs of hirds, of widely
different families, is quite comparable with that of many of the
insects already described. It is so close that the preserved
specimens have even deccived naturalists; for, in the great
French wark, Vowage de I Astrolade, the oriole of Bourn is
actually described and figured as a honey-sucker; and Mr.
Forbes tells ns that, when his birds were submitted to D
Sclater for deseription, the oriole and the honey-sucker were,
previons to close cxamination, considered to be the same
gpecics.
Objections fo the Theory of Mimiery.

To set forth adequately the varied and surprising facts of
mimicry would nced a large and copiously illustrated volume;
and no more interesting subject could be taken up by a
naturalist who has access to our great collections and can de-
vote the necessary time to search out the many examples of
mimiery that He hidden in our museums, The brief sketch of
the subject that has been here given will, however, serve to
indicate its nature, and to show the weakness of the objections
that were at first made to it. It was urged that the action
of “like conditions,” with “accidental resemblances” anid
“reversion to ancestral typoes,” would aceonnt for tho facts.  If,
however, we consider the actual phenomena as here set forth,
and the very constant conditions under which they oceur, we
shall see how utterly inadequate arc these canses, ecither
singly or combined. These constant conditions are—

1. That the imitative species oceur in the same area and
occupy the very same station as tho imitated.
2. That the imitators are always the more defenceless,
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oo

. That the imitators are always less numerous in in-
dividuals,
. That the imitators differ from the hulk of their allies.
That tho imitation, however minute, is exfernel and
visihle only, never extending to internal characters or
to such as do not affeet the external appesrance.

N

o

These five characteristic features of mimicry show us that
it is really an exceptional form of protective resemblance.
Different species in the same group of organizms may obtain
protection in different ways: some by a genetal resemblance
to their environment ; some by more exactly imitating the
objects that surround them—bark, or leaf, or flower; while
others again gain an cqual protection Ly resembling some
speeies which, from whatever cause, is almost as free from
attack as if it were o leaf or o flower.  This immunity may
depend on its being uneatahble, or dangerons, or merely strong ;
and it is the rescmblance to such ereatures for the purpose
of sharing in their safety that constitutes mimicry.

Concluding Remarks on Warning Colours and Mimicry.

Colours which have heen aequired for the purpose of serv.
ing as¢ a wuarning of inedibility, or of the possession of
dangerous offensive wenpons, are probably more numerons than
have been hitherto supposed ; andd, if 50, we shall be able to
explain a considerable amount of colour in nature for which
no use has hitherto been conjectured. The brilliant and
aried colours of sex-nnemones awd of many coral animals
will probably como under this head, since we know that
many of them possess the power of cjecting stinging threads
from various parts of their bodies which render them quite
uneatable to most animals. Mr. Gosse describes how, on
putting an Anthen into a tank containing a half-grown
bullhead (Cottns bubalis) whieh had not been fed for some
time, the fish opened his mouth and sucked in the morsel,
but instantly shot it out again. He then seized it o sceond
time, and after rolling it about in hiz mouth for a moment
shot it out again, and then darted away to hide himself
in a hole. Some tropical fishes, however, of the genera
Tetrodon, Pseudoscarus, Astracion, and a few others, scem
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to have aequired the power of feeding on corals and mednsoe ;
and the beautiful bands and spots and bright colours with
which they are frequently adorned, may be either protective
when feeding in the snbmarine coral groves, or may, in some
cases, be warning colours to show that they themselves are
poisonous and uncatable.

A vemarkable illustration of the wide extension of warning
colours, and their very definite purpose in nature, is afforded
by what muy now be termed “ Mr. Belt'’s frog.”  Frogs in all
parts of the world are, usually, protectively coloured with
greens or browns ; and the little tree-frogs are cither green
like the leaves they rest upon, or curiously mottled to imitate
bark or dead leaves. But there are a certain numboer of very
gaily coloured frogs, and these do not conceal themselves as
frogs usually do. Such was the small toad found by Darwin
at Bahia Blanca, which was intense black and bright vermilion,
and crawled about in the sunshine over dry sand-hills and
arid plains. And in Niearagua, Mr, Belt found a little frog
gorgeously dressed in a livery of red and blue, which did
not attempt concealment and was very abundant, a eombina-
tion of characters which eonvinced him that it was uncatable.
He, therofore, took a fow specimens home with him and
gave them to his fowls and ducks, but nonc would touch
them, At last, by throwing down picces of meat, for
which there was a great competition among the poultry,
he managed to cutice a young duck into snatching up
one of the little frogs. Instemd of swallowing it, however,
the duck instantly threw it out of its mouth, and went
about jerking its head as if trying to get rid of some un-
pleasant taste.!

The power of prodicting what will happen in a given case
is always considered to be a crucial test of a true theory,
and if so, the theory of warning colours, and with it that of
mimiery, must be held to be well established. Among the
creatures which probably have warning colours as a sign of
inedibility are, the brilliantly eoloured nudibranchiate molluscs,
those curious annelids the Nereis and the Aphrodite or sea-
mouse, and many other marine animals. The brilliant colours
of the seallops (Pecten)and some other bivalve shells are perhaps

Y The Naturalist in Nicaragua, p. 521
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an indieation of their hardness and consequent inedihility, as
in the cuse of the hard beetles ; and it is not improbable that
some of the phosphorescent fishes and other marine organisms
may, like the glow-worm, hold out their lamp as a warning to
encmies.]  In Queenslamd there is un exccedingly poisonous
spider, whose bite will kill & dog, and cause severe illness with
excruciating pain in man. It is black, with a bright vermilion
pateh on the middle of the hody ; and it s so well recognised
by this conspicuous coloration that even the spider-hunting
wasps avoid it.?

Locusts and grasshoppers aro generally of green protective
tints, but there are many tropical spocies most gaudily
decorated with red, blue, and black colonrs. On the same
general grounds as these by which Mr, Belt predicted the in-
edibility of his eonspicnous frog, we might safely predict the
same for these inscets ; but we have fortunately a proof that
they are so protected, since Mr, Charles Horne states that
one of the bright coloured Indian locusts was invariably
rejected when offered to birds and lizards.®

The examples now given lead us to the conclusion that
colours acquired for the purpese of serving as a danger-signal
to encmics are very widespread in nature, amd, with the
corresponding colonrs of the species which mimie them,
furnish us with a rational explanation of a considerahle
portion of the coloration of animals which is outside the
limits of those colours that have heen acquired for either
protection or recognition. There remains, however, another
set of colours, chiefly among the higher animals, which, being
conneeted with some of the most interesting and most
disputed questions in natural history, must be diseussed in a
separate chapter,

1 Mr. Belt first suggested this use of the light of the Lampyride (fireflies
and glow-worms} — Neburulist tn Nilcaragua, po 320, Mr. Verull and
Professor Meldola nade the sanie suggestion in the case of medusm aud other
phosphorescent marine organisms (Nature, vol, xxx. pp, 281, 289).

Y W, E. Armit, in Nuture, vol, xviil, p, 642

3 Pyoc. Bnt. Sec., 1869, p. xiii.



CHAPTER X

COLOURS AND ORNAMENTS CHARACTERISTIC OF SEX

Sex colours in the mollusca and crustacea—In inseets—In butterflies and
moths—DProbable causes of these colours—=Scxual selection as a
supposed cause—Sexnal coloration of birds—Cause of dull colours of
feinale birds—Relation of sex colour to nesting habits—Sexual colours
of other vertebrates—Sexual sclection by the struggles of nales—
Sexual characters due to natural selection—Decorative plumago of
males and ity effect on the females—Display of decorative pluinage by
the males—A theory of arimal coloration—The origin of accessory
plumes—Development of accessory plumes and their display—The
cffect of fumale preference will he ncutralised by nstural sclection—
General Iaws of animal coloration-—Concluding remarks.

In the preceding chapters we have dealt chiefly with the
coloration of animals as distinetive of the several species;
and we have seen that, in an enormons number of cascs, the
colours can be shown to have a definite purpose, and to bhe
useful either as a means of protection or conceulment, of
warning to enemics, or of recognition by their own kind. We
have now to consider a subordinate but very widespread
phenomenon—the differences of colonr or of ornamental
appendages in the two sexes. Theso differences are found to
have special relations with the three clusses of coloration
abovo referred to, in many cases confirming the explanstion
already given of their purport and use, and furnishing us with
important aid in formulating a general theory of unimal
eoloration,

In comparing the colours of the two sexes we find u perfect
gradation, from absolute identity of eolour up to such extreme
difference that it is diffieult to believe that the two forms
can Dbelong to the same species; and this diversity in the
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eolours of the sexes does not bhear any constant relation
to affinity or systematic position. In hoth insects and birds
we find examples of complete identity and extreme diversity
of the sexes; and these differences oceur sometimes in the
same tribe or family, and sometimes even in the same
genus.

It i« only among the higher and more active animals that
sextal differences of colour acquire any prominence.  In the
mollusca the two sexes, when separated, are always alike in
colour, and only very rarely present slight differences in the
form of the shell. In the extensive group of crustacea the
two sexes as a rule are identical in colour, though there are
often differences in the form of the prehensile organs; but in
a very fow cuses there are differences of colonr also. Thus, in
a Brazilian species of shore-cerab (Gelagimus) the female is
grayish-brown, while in the male the posterior part of the
ecphalo-thorax is pure white, with the anterior part of a rich
green.  This colour is only acquired by the males when they
become mature, and iz Hable to rapid change in a fow
minutes to dusky tints! In some of the fresh-water fleas
{Daphnoidee} the males aro ornmamented with red and blue
spots, while in others similar colours ocenr in both sexes. In
spiders also, though as o rule the two sexes are alike in eolour,
there arc u few exceptions, the males being ornamented with
brilliant colours on the abdomen, while the female is dull
coloured.

Serual Colovation in Insects.

It is only when we come to the winged insects that we find
any large amount of peculiarity in sexual coloration, and
cven here it is only developed in certain orders.  Flies (Dip-
tera), fiekl-bugs (Hemiptera), cicadas (Homoptera), and the
grasshoppers, locusts, and crickets (Orthoptera) prosent very
few and unimportant sexual differences of colour; but the lust
two groups have spectal musical organs very fully developed
in the males of some of the species, and these no doubt enable
the sexes to discover and recognise each other.  Insomo cases,
however, when the female is protectively coloured, as in the
well-known leaf-insects already referred to (p. 207), the male

T Darwin's Peseent of Men, po 2710
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is smaller and much less protectively formed and ctloured.
In the bees and wasps (Hymenoptera) it is also the rule that
the sexes are alike in colour, though there are several cases
among solitary Dbees where they differ; the female being
black, and the male brown in Anthophora retussy, while in
Andriena fulva the female is more Drightly coloured than the
male.  Of the great order of beetles (Coleoptera) the sime
thing may be said.  Though often so rich and varied in their
eolours the sexes ave nsnally alike, and Mr, Darwin was only
able to find about a dozen eases in which there was any con-
gpicuous difference between them.! They exhibit, however,
numerons sexual characters, in the length of the antennwe, and
in horns, legs, or jaws remarkably enlarged or curiously modi-
fied in the male sox.

It is in the family of dragonflies (order Neuroptera) that
we first meet with numerous ecuases of distinctive sexual
coloration. In some of the Agrionide the males have the
bodies rich blue and the wings black, while the females have
the bodies green and the wings transparent. In the North
American genus Hotmrina the males alone have a carmine
spot at the base of each wing; but in some other genera the
sexes hardly differ at all,

The great order of Lepidoptera, including the butterflics and
moths, affords us the most numerous and striking examples of
diversity of sexual colouring, Ameng the moths the differ-
ence is usually hut slight, being manifested in a greater inten-
sity of the colour of the smaller winged male; but in a fow
cases there is o deeided difference, as in the ghost-moth
(Hepialus humuli), in which the male is pure white, while the
foemale is yellow with darker markings. This may be a
recognition colour, enabling the female more readily to discover
her mate ; and this view receives some support from the fact
that in the Shetland Islands the male is almost as yellow as
the female, since it has been suggested that at midsummer,
when this moth appears, there is in that high latitnde sufficient
twilight all night to render any speeial coloration unneces-
sary.?

Butterflies present us with a wonderful amount of sexual

! Darwin's Descent of Man, p. 294, and fooinote.
% Nature, 1871, p. 489,
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difference of colour, in many cases so remarkable that tho two
soxcs of tho saume species romained for many years under
different names and were thought to he quite distinet species,
We find, however, every gradation from perfect identity to
complete diversity, and in some eases we are able to see a
reason for this difference.  Beginning with the most extra-
ordinary eases of diversity—as in IHadema misippus, where the
male is black, ornamented with a lurge white spot on each
wing margined with rich changeable blue, while the female i3
orange-brown with Dblack spots and stripes—we find the
explanation in tho fact that the female mimics an uneatablo
Danais, and thns gaing protection while laying its eggs on low
plants in eompany with that insect. In the allied species,
Diadema boling, the feinales are also very different from the
males, but are of dusky brown tints, evidently protective and
very varluble, somo specimens having a gencral resemblance
to the uneatable Euplieas; so that we sece here some of the
carlier stages of both forms of protection. The remarkable
differences in some South American Pilerideo are similarly
explained.  The males of Picris pyrrha, D, lorena, and
several others, are white with u few black hands and marginal
spots like so many of their allies, whilo the females are
gaily colonred with yellow and brown, and exactly resemble
some species of the uncatable Heliconide of the same
district.  Similarly, in the Malay Archipelago, the female
of Badema anomala is glossy metallic biue, while the
male i8 brown; the reason for this roversal of the wusual
rule being, that the female exactly mimics the brilliant
colouring of the common and uncatable Euplea midamus,
and thus seeures protection. In the fine Adolias dirtea, the
male is black with a few specks of ochre-yellow and a broad
marginal band of rich metallic greenish-blue, while the female
is brownish-black cutirely covered with rows of ochre-yellow
spots. This latter coloration does not appear to he protective
when tho insect is scen In the cabinet, but it really is so.
1 have observed tho fomale of this butterfly in Sumatra, where
it settles on the ground in the forest, and its yellow spots
5o harmoniso with the flickering gleams of sunlight on the
dead Jenves that it can only be detected with the greatest
difficulty.
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A handred other cases might be quoted in which the
female is cither more ohscurely coloured than the male, or
gains protection by imitating some inedible species ; and any
one who has watched these female insects flying slowly
along in scarch of the plants on which to deposit their
cggs, will understand how important it mast be to them
not to attract the attention of inseet-eating birds by too
conspicuous colours.  The number of hirds which capture
insects on the wing is much greater in tropical regions
than in Europe; and this is perhaps the reason why many
of our showy species are alike, or almost alike, in both
sexcs, while they are protectively coloured on the under side
which is exposed to view when they are at rest.  Buch are
our peacock, tortoise-shell, and red admiral butterflies ; while
in the tropics we more commonly find that the females are
less conspicunus on the upper swrface even when protectively
coloured heneath.

Weo may bore remark, that the cases already quoted prove
clearly that either male or female may be modified in colour
apart from the opposite sex.  In Picris pyrrha and its allies
the male retains the nsual type of coloration of the whole
genus, while the female has acquired a distinet and peculiar
stylo of colouring. In Adolias dirtea, on the other hand,
the female appears to retain something like the primitive
eolour and markings of the two sexes, modified perhaps for
more perfect protection ; while the male has acynired more and
moro intense andd Drilliant eclours, only showing his original
markings hy the few small yellow spots that remain near the
base of the wings. In the more gaily coloured Picridem, of
which our orange-tip butterfly may be taken as a type, we see in
the female the plain ancestral colours of the group, while the
male has acquired the brilliant orange tip to its wings, prob-
ably as a recognition mark. '

In those species in which tho under surface is protectively
coloured, we often find the upper surfaee alike in both sexes,
the tint of colour being usually more intense in the male.  But
in some cases this leads to the female being more conspicuous,
as in some of the Lycenidwm, where the female is bright blue
and the male of a blue so much deeper and soherer in tint ag
to appear the less brilliantly coloured of the two,
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Probable Causes of these Colours.

|

In tha production of these varied results there have prob-
ably beon several causes at work.  There seems to le
a constnt tendency in the male of most animals—but
especinlly of birds and insects—to develop more and more
intensity of colo -r, often culminating in brilliant metallic blnes
or greens or tho wost splendid iridescent hwes; while, at
the swme time, natural selection is constantly wt work, pre-
venting the femalo from acquiring these same tints, or
modifying her colours in various directions to seeure pro-
tection by assimilating her to her surroundings, or hy pro-
ducing mimicry of some protected form. At the same
time, the need for recognition must be satisfied; and this
seems to have led to diversitics of colowr in allied speeles,
sometimes the female, somectimes the male undergoing
the greatest chango according as one or other could dbe
modified with the greatest case, and so as to interfere least
with the welfure of the ruce.  Henee it is that sometimes
the males of allied species vary most, as in the differsnt
specios of Lipiealia; sometimes the females, as in the magnifi-
cent green specics of Ornithoptera and the “ Aneas ” group
of Papilio.

The importance of the twe principles—the need of pro-
teetion and recognition— in medifying the comparative colorva-
tion of the sexes among butterflies, is beautifully illustrated
in the ease of the groups which are protected by their dis-
tastefulness, and whose females do not, therefore, need the
protection afforded by sober colours, .

In the great fumilies, lleliconidee and Acrmide, we find
that the two sexes are almost always alike ; and, in the very
few exceptions, that the female, though differently, is not less
gaily or loss conspicnously eolonred.  In the Danaidee the same
general rule prevails, but the cases in which the malo exhibits
greater intensity of colour than the female are perhaps more
numerous than in the other two families.  There 1s, however, a
curicns difference in this respect botween the Oriental and
the American groups of distastefnl Papilios with warning
colours, both of which are the subjects of mimicry. In the
Fastern groups—of which P. heetor and P. coon may be taken

T
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a8 types—the two sexes wre nearly alike, the male being
sometimes more intensely coloured and with fe .or pale
markings ; but in the American groups—represented by P.
seneas, I sesostris, and allies—thore is a wonderful Civersity,
the males having a rich green or bluish patch on the fo ¢ wings,
while the females huve a land or spots of pure white, not
always corresponding in position to the green spot of the
males.  There are, however, transitional forms, by which a
complete series can be traced, from close stmilurity to greut
diversity of colouring between the sexes ; and this may perhaps
be only an extreme exumple of the intenser colour and more
coneentrated murkings which are o very prevalent character-
istic of male butterflies.

There are, in fact, many indieations of n regnlar suecession
of tints in which colonr development has ocenrred in the
various groups of butterflies, from un oviginal grayish or
brownish neutral tint.  Thus in the “_Eneas™ group of
Pupilios we have the patch on the upper wings yellowish in
P. triopas, olivaceous in I’ bolivar, bronzy-gray with a white
spot in P erlaces, more greenish and lufl in P, iphidamas,
yradually changing to the fine blue of I* Drissonius, and the
magnificent green of P. sesostris,  In like manner, the intense
crimson spots of the lower wings can be traced stop Ly step
from a yellow or buff ting, which is one of the most wide-
spread colours in the whole order. The greater purity and
intensity of colour seemn to be usually associated with more
pointed wings, indicating greater vigour and more rapid flight.

Sexual Selection as w supposed Canse of Colvwr Developinent,

Mr. Darwin, as is well known, impnted most of the
brilliunt colours and varied patterns of Lutterflies’ wings to
soxual seleetion—that ig, to a constant preference, by female
butterflics, for the more Lrilliant males; the eolours thus
produced being sometimes transmitted to the males alone,
sometimes to both soxes. 'This view has always scemed to
me to be unsupported by evidence, while it is also quite
inadequate to aceount for the facts. The only direet evidence,
as set forth with his usual fairness by Mr. Darwin himseld, is
opposed to his views. Several entomologists assured him
thut, in moths, the {females evinee not the least choice of their
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partners ; and Dr, Wallace of Colchester, who has largely bred
the fine Bomhyx cynthia, confirmed this statement. Among
butterflies, several males often pursue one female, and Mr,
Darwin says, that, unless the female exerts a choice the
pairing must be left to chance. But, surely, it may be the
most vigorons or most persevering male that is chosen, not
necessarily one more brightly or differently coloured, and
this will ho true “natural sclection.” Butterflics have been
noticed to prefer some colonred flowers to others; but that
does not prove, or even render prolmble, any preference for
the colour itself, mt only for flowers of certain colours, on
account of the more agreeable or more abundant nectar
obtained from them. Dr. Schulte called Mr. Darwin’s atten-
tion to the fact, that in the Disdema bolina the brilliant blue
colour surronnding the white spots is only visible when we
look towards the insect’s head, and this is true of many of
the iridescent colours of butterflies, and probably depends
npon the divection of the stris on the seales. It is suggested,
however, that this display of colowr will bo seen by the
female as the male is approaching her, and that it has been
developed hy sexual selection.!  Bat in the majority of cases
the males follow the female, hovering over her in a position
which would render it almost impossible for her to sce the
particudar eolours or patterns on his upper surface ; to do so
the female should mount higher than the male, and fly
towards him—heing the seeker instead of the sought, and this
is quite opposed to the actmnal facts. I cannot, therefore,
think that this suggestion adds anything whatever to the
evidenece for sexnal selection of colour by female butterflies,
This question will, however, be again touched upon after we
have considered the phenomena of sexual colour among the
vertebrata.

Sexual Coloration of Birds.

The general rule among vertebrates, as rogards colour, is,
for the two sexes to be alike.  This prevails, with only a fow
exceptions, in fishes, reptiles, and muwmmalia; but in birds
diversity of sexual colouring is exceedingly frequent, and is,
not improbably, present in a greater or less degree in more

! Darwin in Natfure, 1880, p. 237,
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than half of the known species. It is this class, therefore, that
will afford ns the best matevials for o discussion of the problem,
and that may perhaps lead us to a satisfactory explanation of
the causes to which sexual colour is due.

The most fundamental characteristic of birds, from our
present point. of view, is a greater intensity of colour in the
male. This is the case in hawks and falcons; in many
thrushes, warblers, and finches; in pigeons, partridges, rails,
plovers, and many others. When the plumage is highly
protective or of dull uniform tints, as in many of the
thrushes and warblers, the scxes are almost or quite identical
in evlour ; but when any rich markings or bright tints are
sequired, they are almost always wanting or much fainter in
the female, a5 we see in the black-cap among warblers, and
the chaffineh among finches,

It is in tropical regions, where from o variety of causes
colour has been developed to its fullest extent, that we find
the most remarkable cxamples of sexual divergence of colour,
The most "gorgeously coloured birds known are the Dirds
of paradise, the chatterers, the tanagers, the humming-birds,
and the pheasant-tribe, including the peacocks, - In all these
the females are much less brilliant, and, in the great majority
of cases, exceptionally plain and dull coloured birds. Not
only are the remarkable plumes, crests, and gorgets of the
birds of paradise entirely wanting in the females, but these
latter are usually without any hright colour at all, and rankno
higher than ocur thrushes in ornamental plumage. Of the
humming-birds the same may he said, exeept that the females
are often green, and sometimes slightly metallic, at from
their small size and uniform tints are never conspicuous.
The glorious blues and purples, the pure whites and intense
erimsons of the male chattercrs are representod in the females
by olive-greens or dull browng, as arc the infinitely varied
tints of the male tanagers. And in pheasants, the splendour
of plumage which characterises the males is entirely absent
in the females, which, though often ornamental, have always
comparatively sober and protective tints, The same thing
occurs with many other groups. In the Eastern tropics
are many britliant birds helonging to the families of the
warblers, flycatchers, shrikes, etc., but the female is always
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much less brilliant than the male and often quite dull
coloured.

Cuuse of Dull Colours of Female Dirds.

The reason of this phenomenon 1s not diffieult to find, if
wo consider tho essential conditions of a bird’s existence, and
the most tmportant function it has to fulfil. In order
that the species may be continued, young birds must be pro-
duced, and the female birds have to sit assiduously on their
eggs. While doing this they are exposed to observation and
attack by the numerous devourers of eggs and birds, and it is
of vital importance that they should be protectively coloured
in all those parts of the body which are expesed during in-
cubation. To secure this end all the bright colours and
showy ormaments which docorate the male have not been
acquired by the female, who often remuins clothed in the
sober hues which were probably once common to the whole
order to which she belongs,  The different amounts of colour
acquired by the females bave no doubt depended on
peeuliaritics of hubits and of environment, and on the
powers of defenee or of concealment possessed by the species,
Mr. Darwin huas taught us that nutural selection cannot
produce absolate, but only relative perfection; and as a
protective colour is only one out of many means by which
the female birds are able to provide for the safety of their
young, those which are best endowed in other respects will
havo been allowed to acquire more colour than those with
whom the struggle for existenee is more severe.

Relation of Sex Colour do Nesting Iludits.

This principle is strikingly illustrated by the existence of
considorable numbers of birds in which both sexes are
similarly and brilliantly eolonred,—in some cases as brilliantly
as the males of many of the groups above referred to,  Such
are the extensive families of the kingfishers, the woodpeckers,
the 1ioucans, the parrots, the turacos, the hangnests, the
starlings, and many other smuller groups, all the species of
which are conspieuously or brilliantly coloured, while in all
of them tho females are either coloured exactly like the males,
or, when ditferently eoloured, are equally conspicuous, When
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searching for some cause for this singular apparent exception
to the rule of female protective colouring, I came upon a fact
which beantifully explains it; for in all these cases, without
exception, the specics either nests in holes in the ground or in
trees, or builds a domed or covered nest, so as completely to
conceal the sitting-bird. We have here a case exactly
parallel to that of the butterflies protected by distasteful-
ness, whose females are either exactly like the males, or, if
different, are equally conspicnons. We can hardly believe
that so exact a parallel should exist between such remote
classes of animals, except under the influence of a general
law ; and, in the need of protection by all defenceless animals,
and especially by most fomalo insects and birds, we have such
a law, which has been proved to have influeneed the eolours
of a considerable proportion of the animal kingdom.!

The general relation which exists hetween the mode of
nesting and the coloration of the sexes in those groups of
birds which neced protection from enemics, may be thus
expressed : When both sexes are brilliant or conspicuous,
the nest is such as to conceal the sitting-hird ; but when the
male is brightly coloured and the female sits exposed on the
nest, she is always less brilliant and generally of quite sober
and protective hues.

It must be understood that the mode of nesting has in-
fluenced the colour, not that the colour has determined the
mode of nesting ; and this, I believe, has heen generally, though
not perhaps universally, the case. For we know that colour
varies more rapidly, and can be more easity modified and
fixed by selection, than any other charucter; whereas habits,
especially when connected with structure, and when they
pervade a whole group, are much more persistent and more
difficult to change, as shown by the habit of the dog turning
round two or three times hefore lying down, belioved to be
that of the wild ancestral form which thus smoothed down
the herbage 80 as to form a comfortable bed. We sce, too,
that the general mode of nesting is charasteristic of whole
families differing widely in size, form, and eolours. Thus, all
the kingfishers and their allics in every part of tho workl nest

1 Rec the author's Contributions to Natural Selection, chap. vii, in which
these facls were first brought forward.
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in holes, usually in bunks, but sometimes in trees, The
motmots and the pufftbirds (Bueconide) bwild in similar
places ; while the toucans, barbets, trogons, woodpeckers, and
parrots all make their nests in hollow trees. This habit,
pervading all the members of extensive familics, must there-
fore he extremely ancient, mwore especialty as it evidently
depends in somo degree on the strueture of the hirds, the
bills, and especinlly the fect, of all these groups bheing unfitted
for the construction of woven arboreal nests! DBut in all
these families the colour varies greatly from species to species,
being constunt only in the one character of the similavity of
the sexes, or, at all events, in their being cqually conspicuous
cven though differently coloured.

When I first put forward this view of the econnection
between the mode of nesting and the coloration of female
birds, T expressed the law in somewhat different terms, which
gave rise to some misunderstanding, and led to numerous
criticisms and objections.  Several cases were brought forward
in which the females were far less brilliant than the males,
although tho nest was covered. This is the easo with the
Maluride, or superly warblers of Australin, in which the males
are very brilliant during the pairing secason and the femmnles
guite plain, yet they build domed nests.  Here, thero ean he
little douht, the envered nest is a protection from rain or from
some speeial enemics to the eggs ; while the hirds themselves
are protectively coloured in both sexes, except for a short
time during the breeding scason when the male acquires
brilliant enlonwrs ; and this is probubly connected with the fact
of their inhabiting the open plains and thin scrub of Australia,
where protective colours are as generally advantageous as
they are in our north-temperate zones,

As 1 have now stated the law, 1 do not think there are
any cxeeptions to it, wlile there are an overwhelming number
of cases which give it o strong support. It has been objected
that the domed nests of many birds are as conspicuous as the
hirds themselves wonld be, and would, therefore, bo of no usc
as o protection to the hirds and young.  But, as a matter of
fact, they do protect from attack, for hawks or evows do not
pluck such nests to pieces, as in doing so they would be

' On this point see the author's Contribufions fv Neburad Seleetivn, chap. v, i.
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exposed to the attack of the whole colony ; whereas a hawk or
falcon could carry oft a sitting-bird or the young at a swoop,
and cntirely avoid attack. Morcover, each kind of covered
nest is doubtless directed agninst the attacks of the most
dangerous enemies of the species, the purse-like nests, often o
yard long, suspended from the extremity of thin twigs, being
uscful against the attacks of snukes, which, if they attempted
to enter them, would bo casily made to lose their hold and
fall to the ground. Such birds as jays, crows, magpies,
hawks, and other birds of prey, have also boen urged as an
exception ; but these are ull aggressive birds, uble to protect
themselves, and thus do not need any special protection for
their females during nidification.  Some birds which build in
covercd nests are comparatively dull coloured, like many of
the weaver birds, but in others the colours are more showy,
and in all the sexes are alike ; so that none of these are in any
way opposed to the rule.  The golden orioles have, however,
been adduced as a decided exception, since the females are
showy and build in an open nest.  But even here the females
are less brilliant than the males, and are sometimes greenish
or olivaceous on the upper swface ; while they very carefully
conceal their nests among dense foliuge, and the male is
sufficiently watchiul and pugnacious to drive off most in-
truders.

On the other hand, how remarkable it is that the only small
and brightly eoloured birds of our own country in which the
male and female are alike—the tits and starlings—either
build in holes or coustruct covered nests; while the beauntiful
hangnests (Icteridic) of South America, which always build
covercd or purse-shaped nests, are equally showy in both
sexcs, in striking contrast with the chatterers and tanugers of
the same country, whose females are invariably less conspicnous
than the males, On a rough estimate, there are about 1200
species of birds in the class of showy males and females, with
concealed nidification; while there are probably, from an
equally rough estimate, about the same number in the con-
trasted cluss of showy males and dull females, with open
nests. This will leave the great bulk of known birds in the
clagges of those which are more or less protectively coloured
in both sexcs ; or which, from their organisation und habits, do
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not require special protective coloration, such as many of
the hirds of prey, the larger waders, and the oceanic birds.

There are a few very curious cases in which the femalo
bird is actually more brilliant than the male, and which yet
have open nests.  Such are the dotterel (Fudromias morinel-
lus), several species of phalarope, an Australian croeper
{Climacteris erythropus), and a fow others; but in every one
of theso cases the relution of the sexes in regard to nidification
is reversed, the male performing the duties of ineubation,
while the female is the stronger and more pugnucious.  This
curious cass, therefore, quite accords with the general law of
eoloration.!

Sexual Colours of ether Ferlebrates.

We may consider a few of the cases of sexual colouring of
other classes of vertebrates, as given by Mr. Darwin. In
fishes, though the sexes are usually alike, there are several
gspecies in which the males are more brightly coloured, and
have more elongated fins, spines, or other appendages, and in
some fow cases the colours are decidedly different. The males
often fight together, and are altogether more vivacious and
excitable than the females during the breeding season ; and
with this we may connect a greater intensity of coloration.

In frogs and toads the colours are usually alike, or o little
more intense in tho males, and the same may be said of most
snakes. It is in lizards that we first meet with considerablo
sexual differences, many of the species having pular pouches,
frills, dorsal crosts, or horns, either confined to the males, or
more developed in them than in the females, and these orna-
ments are often brightly coloured. In most cases, however,
the tints of lizards are protective, the male being usually a
little more intense in coloration ; and the difference in extreme
cagses may be partly due to the neced of protection for the
female, which, when laden with eggs, must be less active and
less able to escape from cnemies than the male, and may,
therefore, have retained more protective colours, as so many
insects and birds have certainly done.?

In mommalia thero is often a somewhat greater intensity

v Secholun's FFistury of Dritish Birds, vol. ii., introduction, p. xiit.
¢ For details sec Darwin’s Descent of Man, chap. xil.
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of colour in the male, but rarely a decided difference. The
female of the great red kangaroo, however, is a delicate gray;
while in tho Lemur macaco of Madagasear the male is jet.
black and the female brown. In muny monkeys also there are
some differences of colour, espeeially on the face. The sexual
weapons and ornaments of male mammalia, as horns, crests,
manes, and dewlaps, are well known, and are very numerous
and remarkable. Having thus briefly reviewed the facts, we
will now consider the theories to which they have given rise.

Sexunl Selection by the Struggles of Males,

Among the higher animals it is a very general fuct that
the males fight together for the possession of the females,
This leads, in polygamous animals especiaily, to the strongor
or better armed males becoming the parents of the next
generation, which inherits the peculiarities of the parents;
and thus vigonr and offensive weapons are continually
inereased in the males, resulting in the strength and horng
of the bull, the tusks of the boar, the antlors of the stag,
and the spurs and fighting instinet of the gameccock. But
almost all male animals fight together, though not specially
armed ; cven hares, moles, squirrels, and beavers fight to the
death, and are often found to be scarred and wounded. The
same rule applies to almost all male birds; and these battles
have been observed in such different groups as humming-
birds, finches, goatsuckers, woodpeckers, ducks, and waders.
Among reptiles, battles of the males are known to oceur in
the cases of crocodiles, lizavds, and tortoises ; among fishes,
in those of salmon and sticklebats. TFven among insects the
same law prevails ; and male spiders, beetles of many proups,
erickets, and butterflies often fight together.

From this very general phenomeuncn there necessarily
results a form of natural selection which inereases the vigour
and fighting power of the male animal, since, in every wvase,
the weaker are either killed, wounded, or driven away. 'This
selection would be more powerful if males were always in
excess of females, but after much rescarch Mr. Darwin could
not ohtain any satisfactory evidence that this was the case.
The same effect, however, is produced in some cases by con-
stitution or habits ; thus male inscets usually emerge first from
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the pupa, and among migrating birds the males arrive first
hoth in this country and in North America. The struggle
is thus intensified, and the most vigorous males ure the
first to have offspring. This in all probability is a great
advantage, as the early breeders have the start in securing
food, and the young arc strong enough to protect themselves
whila the later broods are being produced.

It is to this form of male rivalry that Mr. Darwin first
applied the term “sexual scleetion.” It is evidently a resl
power in nature ; and to it we must impute the development of
the exceptional strength, size, and activity of the male, togother
with the possession of special offensive and defensive weapons,
and of all other characters which arise from the development
of theso or are corrclated with them. But he has extended
the principle into a totally different field of action, which
has none of that character of constancy and of inevitable
result that attaches to natural selection, inclnding male
rivairy ; for by far the larger portion of the phenomena,
which he endeavonrs to expluin ly the direct action of
sexual selection, can only be so explained on the hypothesis
that the immediate agency is femalo choice or preference.
It is to this that he imputes tho origin of all secondary
sexual charaeters other than weapons of offence and defence,
of all the ornamontal crests and aecessory plumes of birds,
the stridulating sounds of inseets, the erests and beards
of monkeys and other mammals, and the brilliant eolours and
patterns of male birds and butterflics. Ho even goes further,
and imputes to it a large portion of the brilliant colour that
oceurs in both sexcs, on the principle that variations cccurring
in one sex are sometimes transmitted to the same sex only,
somctimes to hoth, owing to pecnliarities in the laws of inherit-
ance. In this extension of sexual selection to include the
action of femalo choiee or preference, and in the attempt to
give to that choice such wide-reaching cffects, I am unable
to follow him more than a very Little way ; and 1 will now
state some of the reasons why I think his views are unsound.

Serwal Characters due fo Natural Seleclion.

Besides the aecquisition of weupons liy the male for the
purpose of fighting with other males, there are some other
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sexual characters which may have been produced by natural
selection. Such are the various sounds and odours which are
peculiar to the male, and which serve as a call to the female
or ag an indjcation of his presence. These are evidently a
valnable addition to the meuns of recognition of the two sexes,
and are a further indication that the pairing scason has
arrived ; and the production, intensifieation, and differentiation
of these sounds and odours are clearly within the power of
natural selection.  The same remark will apply to the peculiar
calls of birds, and even to the singing of the males. “These
may well have originated merely as a means of recognition
between the two sexes of a species, and as an invitation from
the male to the female bird. When the individuals of a
species are widely scatterod, such a call must be of great
importance in enabling pairing to take pluco as carly as
possible, and thus the clearness, londness, and individuality of
the song becomes a nseful character, and therefore the subject
of natural selection. Such is especially the case with the
cuckoo, and with all solitary birds, and it may have heen
equally important at some period of the development of all
birds. The act of singing is evidently a pleasurable one; and
it probably serves as an outlet for superabundant nervous
energy and excitement, just as daneing, singing, and field
sports do with us. It is suggestive of this view that the
excrcise of tho vocal power seems to be complementary
to the development of accessory plumes and ornaments,
all our finest singing birds heing plainly coloured, and
with no crests, neck or tail plumes to display ; while the
gorgeously ornamented hirds of the tropics have no song,
and those which expend much energy in display of plumage,
as the turkey, peacocks, birds of paradise, and humming-
birds, have comparatively an insignificant development of
voice. Some birds have, in the wings or tail, peculiarly
developed feathers which produce special sounds. In some of
the little manakins of Brazil, two or three of the wing-
feathers are curiously shaped and stiffened in the male, so
that the bird iz able to produce with them a peculiar
snapping or cracking sound ; and the tail-feathers of several
gpecics of enipe are s0 narrowed as to produce distinct
drumming, whistling, or switching sounds when the birds
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descend rapidly from a great height. All these arc probably
recognition and eall notes, useful to each species in relation
to the most important function of their lives, and thus capable
of being developed by the ageucy of natural selection.

Decorative Plumage of Birds and ifs Display.

Mr. Darwin has deveted four chapters of his Descent of
Man to the colours of hirds, their decorative plumage, and
its display at the pairing scason; and it is en this latter
circumstance that he founds his theory, that both the
plumage and the colowrs have heen developed by the prefer-
ence of the females, the more ornamented males becoming the
parents of each suecessive generation.  Any one who reads
these most interesting chapters will admit, that the fact of the
display is demonstrated ; and it may also be admitted, as highly
probable, that the female is pleased or excited by the display.
But it by no means follows that slight differences in the shape,
pattern, or colours of the ornamental plumes are what lead a
female to give the preference to one male over another; still
less that all the females of a species, or the great majority of
them, over a wide uren of country, and for many successive
generations, prefer exactly the same modification of the colour
or ornament.

The evidence on thiz matter is very scanty, and in most
cases not at all to the point.  Some peahens preferved an old
pied peacock; albino birds in a state of nature have never
been seen paired with other birds ; a Canada goose paired with
2 Bornicle gander ; o male whlgeon preferred o pintail duck
to its own species; a hen ewnary preferred a male greentineh
to ecither Hnnes, goldfinch, siskin, or chaffinch. These cascs
are evidently exccptional, and are not such as generally oceur
in nature; and they only prove that the female does exert
some choiece hetween very different males, and some observa-
tions on birds in a state of nature prove the same thing; but
there is no evidence that slight variations in the eolonr or
plumes, in the way of inereased intensity or complexity, are
what determines the choice. On the other hand, Mr. Blarwin
gives much evidence that it is nof so determined. He tolls us
that Messrs. Hewitt, Tegetmeier, and Brent, three of the
highest authorities and best observers, *do not believe that
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the females prefer certain males on account of the beauty of
their plumage,” Mr. Hewitt was convinced * that the female
almost invariably prefers the most vigorous, defiant, and
mettlesome male;” and Mr. Tegetmeier, “that a gamecock,
though disfigured by heing dubbed, and with his hackles
trimmed, would be accepted as readily as a male retaining all
his natural ornaments.”*  Evidence is adduced that a female
pigeon will sometimes take an antipathy to a particular male
without any assignable canse; or, in other cases, will take a
strong fancy to some one bird, and will desert her own mate
for him; but it is not stated that superiority or inferiority
of plumage has anything to do with these fancies. Two
instances are indeed given, of male birds being rejected, which
had lost their orsamental plumage; but in both cases (a
widow-finch and a silver pheasaunt) the long tail-plumes are
the indiecation of sexual maturity. Such cases do not support
the idea that males with the tailfeathers a trifle longer, or
the colours & trifle brighter, are generally preferrod, and
that those which are only a little inferior are as generally
rejeeted,——and this is what is absolutely necded to cstablish
the theory of the development of these plumes by means of
the choice of the female,

It will be seen, that female birds have unaceountable likes
and dislikes in the matter of their purtners, just as we have
ourselves, and this may afford ws an illustration. A young
man, when courting, brushes or curls bis hair, and has his
moustache, beard, or whiskers in perfoct order, and no douht
his sweetheart admires them; but this docs not prove that
ghe marries him on account of those ornaments, still less that
hair, beard, whiskers, and moustache were developed by the
continued preferences of the female sox. 8o, a givl likes to see
her lover well and fashionably dressed, and he always dresses
ag well us he can when he visits her ; hut wo cannot conclude
from this that the whole series of male costumes, from the
brilliantly coloured, puffed, and slashed doublet and hose of
the Elizabethan period, through the gorgeous coats, long
waistcoats, and pigtails of the early Georgian era, down to
the funereal dress-suit of the present day, are the direct result
of female preference. In like manner, female birds may be

v Descent of Man, pp, 417, 418, 420.
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charmed or ecxcited by the fine dI‘SI)LlY of plunmgc }ay the
males ; but there is no proof whatever that slight differences
in that display have any cffect in determining their choice of
4 partner.

Display of Decorutive Piunuge.

The extraordinary manuer in which most birds display
their plumage at the time of eonvtship, apparently with the
full knowledge that it is beantiful, constitutes one of Mr.
Darwin's strongest arguments. It s, no doubt, a very curious
and interesting phenomenon, and indieates a connection be-
tween the exertion of partionlar museles and the develop-
ment of colour and vrnament ; hut, for the reasons just given,
it does not prove that the ornament has heen developed by
female cholee.  Duaring excitement, and when the organism
develops supcr;ﬂ)undann energy, many animals find it pluusur-
able to exercise their varions muscles, often in fantastic ways,
as seen in the gambols of kittens, lambs, and other young
animals, But at the time of pairing, male birds are in a
state of the most perfect development, and possess un
enormous store of vitality ; and under the oxeitement of the
sexual passion they perform strange anties or rapid flights, as
much probably from an internal impulse to motion and exertion
as with any desire to please their mates,  Such are the rapid
tlescent of the snipe, the svaring and singing of the lark, and
the danees of the vock-of-the-rock and of many other birds.

It is very suggestive that similar strange movements are
performed by many birds which huve no ornamental plumage
to display. Goatsuckers, geese, carrion vultures, and many
other birds of plain plunage have been observed to dance,
sproad their wings or tails, and perform strange love-antics,
The courtship of the great albatross, a most unwieldy and
dull coloured bird, has Dbeen thus deseribed by Professor
Moseley : “The male, standing by the fomale on the nest,
raises his wings, spreads his tail and elevates it, throws up his
head with the Lill in the air, or stretches it straight out, or
forwards, as far as ho can, and then utters a curious cry,”l Mr,
Jenner Weir informs me that “the male blackbird is full of
action, spreads out his glossy wing and tail, turns his rich golden

L Notes of @ Nuduralisi on the Challonger,
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heak towards the female, and chuckles with delight,” while he
has never secn the more plain coloured thrush demonstrative
to the female. The linnet distends his rosy breast, and
slightly expands his brown wings and tail ; while the various
gay coloured Anstralian finches adopt such attitudes and
postures as, in every case, to show oft their variously coloured
pluntage to the best advantage.!

A Theory of Animal Coloration.

Having rejected Mr. Darwin’s theory of female choice as
ineompetent to account for the brilliant colours and markings
of the higher animals, the preponderance of these colours and
markings in the male sex, und their display during periods
of activity or excitement, I may be asked what explanation
I have to offer as w preferable substitute. In my Tropical
Nature T have already indicated such a theory, which T will
now briefly explain, snpporting it by some additional facts
and arguments, which appear to me to have great weight, and
for which I am mainly indebted to a most interesting and
suggestive posthumous work by Mr. Alfred Tylor.?

The fundamental or grouad colours of animals are, as hag
been shown in preceding chapters, very largely protective,
amd it is not improbable that the primitive eolours of all
animals were go.  During the long course of animal develop-
ment other modes of protection than concealment by harmony
of colour arose, and thenceforth the normal development of
colour due to the complex chemical and structural changes
cver going on in the organism, had full play ; and the colours
thus produced wereagain a.nd.xg'un mod:ﬁull)y natural selection
for purposes of warning, recognition, mimiery, or special pro-
tection, as hos heen aiready fully explained in the preceding
chapters.

Mr. Tylor has, however, called attention to an important
principte which underlies the various patterns or ornamental
markings of animals—namely, that diversified coloration
follows the chief lines of structure, and changes at points, such
as the joints, where function changes. He says, “If we
take highly decorated species—that is, animals marked by

1 Descent of Man, pp. 401, 402,
? Coloration in Animals and Plants, London, 1886,
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alternate dark or light bands or spots, such as the zebra, some
deer, or the earnivora, we find, first, that the region of the
gpinal column is marked by o dark stripe ; secondly, that the
regions of the appendages, or limbs, are differently marked ;
thirdly, that the flanks are striped or spotted, along or he-
tween the regions of the lines of the ribs; fourthly, that the
ghoulder and hip regions are marked by envved lines ; fifthly,
that the pattern ehunges, and the divection of the lines, or
spofs, at the head, neck, and every joint of the Hmbs ; and
Jastly, that the tips of the cars, nose, tail, and feet, and the
eye are emphasised in colone. Inspotted animals the greatest
Iength of the spot is generally in the dircction of the largest
development of the skeleton,”

This structural decoration is well seen in many inseets.  In
eaterpillers, simikue spots and markings are repeated in each
segment, except where modified for some form of protection,
In butterflies, the spots and hands wsually have reference to
the form of the wing and the arrangement of the nervires;
and there is much evidence to show that the primitive muwk-
ings are always sputs in the cells, or between the nervares, or
ab the junctions of nervures, the extension and coulescence of
these spots forming berders, hands, or Dblotches, whieh have
Beeome modified in infinitely varied ways for protection,
warning, or recognition.  Iiven in bivds, the distribution of
colours and markings follows generally the same law. The
crown of the head, the throat, the car-coverts, and the eyes
have usundly distinet tints in .L]l highly eoloured birds; the
region of the furcula has often o distinet patch of cn]om‘
as “have the peetoral muscles, the uropygium or root of the tail,
and the under tail-coverts.!

Mr. Tylor was of opinion that the primitive form of
ornamentation consisted of spots, the confluenee of these in
certuin directions forminglines or bands; and, these again, some-
times coaleseing into Dlotches, or into more or less aniform
tints covering a large portion of the surfuce of the body.  The
young lion and tiger are both spotted ; and in the Java hog
(Sus vittatus) very young animals are banded, but have spots
over the shoulders and thighs. These spots run into stripes

Y Coloration of Animals, PL X, p. 90 ; ord Pls, 11, 111, avd 1V, pp. 20,
40, 42.

U
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as the animal grows older; then the stripes expand, and
at last, meeting togother, the adult animal bocomes of a
uniform duwrk Lrown eclonr.  So many of the species of
deer are spotted when young, that Darwin concludes the
ancestral form, from which all deer are derived, must have
heen spotied.  Pigs and tapirs are banded or spotted when
young; au imported young specimen of Tapires Bairdi
was eovered with white spots in Jongitudinal rows, here
and there forming short stripes.! Even the horse, which
Darwin supposes to be descended from a striped animal,
is often spotted, ag in dappled horses; and great numbers
show a tendency to spottiness, especially on the haunches.

Ocelli may also he developed from spots, or from bars, as
pointed out hy Mr, Darwin,  Spots are an ordinary form of
marking in disease, and these spots sometimes run together,
forming blotches,  Thero is evidenee that colour markings are
in some way dependent on nerve distribution.  In the disease
lenown as frontal herpes, an eription oceurs which corresponuds
exactly to the distribution of the ophthalmic division of the
fifth cramial nerve, mapping ont all its little branches even
to the one which goes to the tip of the nose. In a Hindoo
suflfering from herpes the pigment was destroyed in the arm
along the course of the ulnur nerve, with its hranches along
both sides of one finger and the half of another. In the leg
the sciatic and scaphenous nerves were partly mapped out,
giving to the patient the appearance of an  anatomical
diagram.?

These facts are very interesting, hecanse they help to
explain the general dependence of marking on structure which
has heen already pointed out.  For, us the nerves everywhere
follow the muscles, and theso are attached to the various hones,
we see how it happens, that the tracts in which distinet
dovelopments of colour appear, should so often e marked ont
by the chief divisions of the bony structure in vertehrates, and
Iy the segments in the annulosa.  There is, however, another
corvespondence of even greater interest and importance.
Drilliant colours usually appear just in proportion to the

1 8ee coloured Vig. in Proe. Zool. Sor., 1871, p. 626,

* A, Tylor's Coloration, p. 405 and Photograph in Hutclhinson's JHustra-
tions of Clinicul Surgery, quoted by Tylor,
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development of tegumentary appendages.  Among birds the
maost hrilliant colours are possessed by those which have
developed frills, erests, and elongated tails like the humming-
birds; immense tail-coverts lke the peacock; enormously
expanded wing-feathers, as in the argus-pheasant ; or magniti-
cent plumes from the region of the coracoids in many of
the Dirds of paradise. It is to be noted, also, that all these
accessory plumes gpring from paurts of the hody which, in
other speectes, are distinguished by patehes of colour ; so that
we may prohably impute the development of colour and of
aceessory plumage to the same fundamental canse.

Among insects, the most brilliant and varied eoloration
ocenrs in the Dutterfiies and moths, gronps in which the wing-
membrancs have received their greatest expansion, and whoso
specialisation has been carried farthest in the marvellous sealy
covering which is the scat of the colonur, Tt is suggestive, that
the enly other group in which functional wings are much
coloured is that of the dragonflies, whero the membrane is
exceedingly expanded.  Inlike manner, the colours of hectles,
though greatly inferior to those of the lepideptera, occur in a
group in which the anterior pair of wings has been thickened
and modified in order to protect the vital parts, and in which
these wing-covers (elytra), in the eourse of development in the
different groups, mnst have nndergons groat changes, and have
heen the seat of very active growth.

The Origin of decessory Plumes.

My, Darwin supposes, that these have in almost every éase
heen developed by the preference of female birds for such
males as possessed them in o higher degree than others; g
this theory does not account for tho fact that these plumes
nsually appear in a few definite parts of the body. We
require some cause to initiate the development in one part
rather than in another. Now, the view thut colonr has arisen
over surfaces where musculur and nervous development is
considerable, and the fact that it appears especially upon the
accessory or highly developed plumes, leads us toinquire whether
the same cause has not primarily determined the development
of these plumes. The immense tuft of golden plumage in the
best known birds of paradise (Paradisea apoda and P. minor)
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springs from a very small area on the side of the breast.  Mr.
Frank E. Beddard, who has kindly examined a specimen for
me, says that “this area lies upon the pectoral muscles, and
near to the point where the fibres of the muscle converge
towards their attachment to the humerns.  The plumes arise,
therefore, elose to the most powerful muscle of the hady, and
near to where the activities of that muscle would he at 2
maximum. Furthermore, the avea of attachment of the plumes
i just above the point where the arteries and nerves for the
supply of the pectoral museles, and neighbouring regions,
leave the interior of the hody. The arca of attachment of
the plume is, also, as you say in your letter, just above the
junction of the coracoid and sternum.”  Ornamental plumes
of considerable size rise from the same part in muny other
species of paradise hirds, sometimes extending luterally in front,
s0 as to form breast shields. They also oceur in many humming-
birds, and in some sun-birds and honey-suckers; and in all these
cases there is a wonderful amonnt of activity and rapid move-
ment, indicating a surplus of vitality, which is able to manifest
itself in the development of these nccessory plumes.!

In a quite distinct set of hirds, the gallinaceie, we find the
ornamental plumage usnally arising from very different parts, in
the form of clongated tail-feathers or tail-coverts, and of rffy
or hackles from the neck.  Here the wings are comparatively
listle used, the most constunt activities depending on the legs,
gince the gallinaccwe are pre-eminently walking, rinning, and
seratching hirds.  Now the magnificent train of the peacock
—the grandest development of wceessory plumes in this order
—springs from an oval or cirenlar aren, about three imches in
diameter, just above the base of the tail, und, thercfore,
situated over the lower part of the spinal column near the
insertion of the powerful muscles which move the hind Hmhg
and clevate the tail.  The very frequent presence of neck-ruffs
or breastshields in the males of hirds with accessory plumes
may he partly due to selection, beeanse they must serve as a
protection in their mutual combats, just as does the lion’s or the
horse’s mane,  The enormously lengthened plumes of the bird
of paradise and of the peacock can, however, have no such use,

1 For activity and pugnacity of humming-hirds, see Trapical Natwre, pp.
130, 213.
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but must be rather injurious than beneficial in the bird’s ordi-
nary life.  The fact that they have been developed toso great
an extent in a few species 1s an indication of such perfect adapta-
tion to the eonditions of existenee, such complete success in
the batile for life, that there is, in the adult male at all events,
a surplus of strength, vitality, and growth-power which is able
to expend itself in this way without injury.  That such is the
case Is shown liy the great abundance of most of the species
which possess these wonderful superfluities of plumage.  Birds
of paradise are among the commonest birds in New Guinea,
and their loud volces ean be often heard when the birds them-
sclves are Invisible in the depths of the forest; while Indian
sportsinen have deserihed the peafowl as being so alundant,
that from twelve to fifteen hundred have been seen within
an hour at one spot ; and they range over the whole country
from the Himalayas to Ceylon.  Why, in allied species, the
development of aceessory plumes has tuken different forms, we
are unable to say, except that it may be dne to that individual
variubility which has served as the starting-point for so much
of what scems to us strange in form, or fantastic in colour,
both in the animal and vegetable world,

Development of Lecessory Plumes and their Displuy.

If we have found a vere censy for the origin of ornamental
appendages of birds and other animals in o sarplus of vital
energy, leading to alnormal growths in those parts of the
integument where musenlar and nervous action are greatest,
the continvwous development of these appendages will result
from the erdinary action of natural selection in preserving the
most heathy and vigorows individuals, and the still further
selective ageney of soxtil struggle in giving to the very
strongest und most energetic the parentage of the next genera-
tion.  And, as all the evidenee goes to show that, so far as
female birds excrcise any choice, it is of “the most vigorous,
defiant, and mettlesome male,” this form of sexual selection
will act in the same direction, and help to carry on the process
of plume development to its culmination,  That culmination
will he reached when the excessive length or ubundance of the
plumes begins to be injurious to the bearer of them ; and it
may be this check to tho forther lengthening of the pewcock’s
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train that has led to the broadening of the feathers at the
ends, and the consequent production of the magnificent eye-
spots which now form its crowning ornament.

The display of theso plumes will result from the samo
causes which led to their production.  Just in proportion as
the feathers themselves inereased in longth and abundance, the
skin-muscles which serve to elevate them wounld increase also;
and the nervous development as well as the supply of bloed
to these parts being at o maximum, the erection of the plumes
would become s habit at all periods of nervous or sexual
excitement. The display of the plumes, like the existence of
the plumes themselves, would e the chicf externad indication
of the maturity and vigouwr of the male, wnd would, therefore,
be necessarily attractive to the female. Wo have, thus, no
reason for imputing to her any of those wsthetic emotions
which are excited in us, by the beauty of form, eolour, and
pattern of these plumes ; or the still more improbabie wsthetic
tastes, which would cause her to choose her mate on account
of minute differences in their forms, colours, or patterns.

As co-operating causes in the production of acvessory
ornamental plumes, [ have clsewhere suggested! that crests
and other erectile feathers may have been useful in making
the bird more formidable in appearance, and thus serving to
frighten away enemies ; while long tail or wing feathers might
serve to distract the aim of u bird of prey. DBut though this
mizht be of sume use in the earlier stages of their develop-
ment, it is probably of little importance compared with the
vigour and pugnaeity of which the plumes are the indiention,
and which enuble most of their possessors to defend them-
sclves against tho cnemies which are dangerous to weaker
and more timid birds. Kven the tiny humming-birds are said
to attack birds of prey that approach too near to their nests.

The Effect of Female Preference will be Neutrulised by
Nulural Selection.
The wvarious facts and arguments now briefly set forth,
afford an explanation of the phenomena of male ornament,

V Tropical Nuture, p. 200, In Chapter V of this work the views here
advocated were first set forth, and the reader is referred there for furtler
details,
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as being due to the general laws of growth and develop-
ment, wiid make it unnecessary to eall to our aid so hypo-
thotical a cunse as the cumulative action of femalo prefor-
cnee.  There remaing, however, a general argument, arising
from the action of natural selection itself, which renders it
almost inconceivable that female preference could have heen
effiective in the way suggested; while the same argument
strongly supports the view here set forth.  Natural seloe-
tion, as we have seen in owr earlicr chapters, acts per-
petually and on an enormous scale in weeding out the
“unfit” at every stage of existence, and preserving endy
those which are in all respects the very best.  Each year, only
a small pereentuge of young birds survive to tuke the place of
the old birds which die ; and the sarvivors will be those which
are hest able to maintain existence from the ege onwards, an
important factor heing that their parents shouldt be well able
to feed and protect them, while they themselves must in turn
he equally able to feed and protect thelr own offspring.  Now
this extremely rigid action of natural selection must render
any attempt to select mere ornament utterly nugatory, unless
the most ornamented always coincide with “thu fittest ”

cvery uther respect i while, if they do so coineide, then :my
selectinn of ornament is altogether superfiuous, If the most
brightly coloured and fullest phuaged males ave nof the most
healthy and vigorous, have nof the best instinets for the proper
construction .uui cottcealment of the nest, and for the care
and protection of the young, they are certainly not the fittest,
and will not survive, or he t]w parents of survivors. 1, on
the other hand, there is generally this corvelation—if, ns has
heen here argued, ornament is the natural product and direct
outcome of superabundant health and vigonr, then no other
mode of selection is needed to account for the presence of
siuch ornament.  The action of natural selection does not
indeed disprove the existence of female selection of ornament
as ornament, but it renders it entively ineffective; and as
the direct evidence for any such female sclection is almost
nif, while the objections to it are certainly weighty, there can
be no longer any reason for npholding a theory which was
provistonally useful ju calling attention to a most curions ad
suggestive body of fucts, but which is now no longer tenable.
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The term “sexual selection ” must, thercfore, he restricted
to the direct results of male struggle and combat.  This is
really a form of natural selection, and is a matter of dirvect
obscrvation ; whilo its results are as clearly deducible as those
of any of the other modes in which selection acts.  And if
this restriction of the term is neediul in the case of the higher
animals it is much more so with the lower.  In Dutterflies the
weeding out by natweal sclection takes place to an enormous
extent in the egy, lwrva, and papa stutes ; and perhaps not
more than one in 4 hundred of the eggs Taid produces a porfect
insect which lives to Dbreed.  Here, then, the impotence of
female selection, if it exist, must be complete ; for, unless the
most brilliantly colonred males are those which preduce the
best protected egys, larva, and pupee, and nnless the particular
egus, larvie, and pupe, which are able to survive, are those
which produce the most brilliantly eoloured buttertlies, any
choice the female might make must he completely swamped,
If, on the other hand, there 4s this correlation hetween colour
development and perfoct adaptation to conditions in all stages,
then this development will necessarily proceed by the ageney
of natural selection and the gencral laws which determine
the production of colour and of ornamental appendages.?

General Laws of Animal Coluralion.

The condensed account which hag now heen given of the
phenomena of colour in the animal world will sufficiently show
the wonderful complexity and extreme interest of the subject ;
while it affords an admirable illustration of the importance of
the great principle of utility, and of the cffect of the theories
of natural selection and development fn giving o new interest

1 The Rev, O. Piekard-Cambridge, who has devoted himself to the stuly
of spnders, has kindly sent e the following eatract frone o letter, written
in 1869, in which he states his views ou this question :—

“Tmyself docbt that particular application of the Darwinian theery
which attributes male peculiarities of form, structure, colour, and ornament
to female appetency or predilection.  There is, it seems to me, undoubtedly
something in the male organisation of a speciad, and sexual nature, which,
of its own vital force, develops the remarkable male peeulinrities so
commonly seen, and of no imaginable use to that sex, In as far as
these peeuliarities show a great vital power, they point out to us the finest
and strongest individuals of the sex, and show us which of them woull
most cerfainly appropriate to themselves the hest and greatest number of
females, and leave behind them the strongest and greatest nwnber of



x COLOTURS ANTY ORNAMENTS CHARACTERISTIC OF 8EX 297

to the most fiuniliar facts of nature.  Much yet remains to bo
done, hoth in the ohservasion of new fuets as to the relutions
hetween the eolours of unimals and their habits or economy,
and, more especially, in the elucidation of the Tuws of growth
which determine changes of colowr in the various groups; but
so much 15 already known that we are able, with some
confilence, to formulate the general principles which have
brought ahout all the heanty and variety of colour which
everywhere delight us in our contemplation of animated
nature. A Drief statement of these principles will fitly con-
clude our exposition of the subject.

1. Colowr may bo looked wpon as a necessary result of the
highly complex chemical constitution of animal tissnes and
fluids.  The blood, the bile, the bones, the fat, and other
tissues have charucteristic, and often Wrilliang colours, which
we cannot suppose to have been determined for any special
purpose, as colowrs, since they are usually eoncealed. The
external organs, with their various appendages and integue
ments, would, by the same general laws, naturally give rise to
a greater vaviety of colonr.

2, We find it to be the fact that colowr inercases in variety
and intensity as oxternal struetures and dermal appendiges
hecome more differentiated wnd developed. It s on seales,
harr, and especially on the more highly specialised feathers,
that colour is most varied and beautiful ; while among fnsects
colour is most fully developed in those whose wing membranes
are most expanded, and, as in the lepidopters, ave elothed
with highly specialised seales.  Here, too, we tind an additional
mode of colour production in transparent lamella or in fine
surface striwe which, by the laws of interfercnee, produce the
wonderful metallic hines of so many birds and insects,

progeny.  And here would come nyoas it appears 1o me, the proper
applivation of Darwin's theory of Natural Selection; for the possessors
of greatest vital power being those most frequently produced aml  repro-
dueal, the external sigus of it would go on deweloping in an ever-increasing
exaggeration, only to be checked wheve it becane really detrimsental in sonie
respect or oller to the individual.”

This passage, giving the fudependent views of o close ohserver —one,
moreover, who has studied the species of au extensive group of animaly
both in the field and in the Jaboratory-—very nearly accords with my own
conclusions above given ; and, so far as the matured opinions of a competent
maturalist have any weight, atlond them an important support.
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3. Thero are indications of a progressive change of cotour,
perhaps in some definite order, accompanying the development
of tissnes or appendages.  Thus spots spread and fuse into
bands, and when a lateral or centrifngal expansion has
occurred—as in the termination of the peacocks’ train feathers,
the outer web of the secondary quills of the Argns pheasant,
or the broad and rounded wings of many butterflics—into
variously shaded or coloured ocelli.  The fact that we find
gradations of colour in many of the more extensive groups,
from comparatively dull or simple to brilliant and varied hues,
is an indication of some such law of development, due
probably to progressive local segregation in the tissucs of
identical chemical or organic molocules, and dependent on
laws of growth yet to be fvestigated.

4. The colours thus produced, and suhject to much in-
dividual variation, have been modified in innumerable ways
for the benefit of each species. The most general maditica-
tion has been in such directions as to favour concealment
when at rest in the usual surroundings of the species, sumne-
times carried on hy stccessive steps till it has resulted in the
most minute Imitation of some inunimate object or exact
mimicry of some other animal. Iu other euses hright colours
or striking contrasts have been preserved, to serve as o warning
of inedibility or of dangerous powers of uttack.  Most frequent
of all has been the specialisation of cuch distinet form by some
tint or marking for purposes of easy recognition, especially in
the case of gregarious animals whose safety largely depends
upon association and mutual defence.

5. As a generul rule the colours of the two sexes ure alike;
but in the higher animals there appears a tendency to deeper
or more intense colouring in the male, due probably to his
greater vigour and excitability. In many groups in which
this superabundant vitality i3 at a maximum, the develop-
ment of dermal appendages and brilliant colours has gone on
fncereasing till it hus resulted in a greab diversity between the
sexes 3 and in most of these cases there i3 evidence to show
that natural scleetion has caused the female to retain the
primitive and more soher colours of the group for purposes of
protection.
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Cancluding Bemerks.

The general principles of colour development now sketched
out enahle us to give some rational explanation of the
wonderful amount of Drilliant colowr which oceurs among
tropical animals.  Looking on colour as a normal product of
orgamsation, which has cither been allowed free play, or has
been checked and moditicd for the henefis of the specics, we
can sco at once that the luxuriant and perennial vegetation of
the tropics, by affording much more constunt means of con-
ceafment, has rendered brifliant colour less hurtful there than
in the temperate and colder regions.  Again, this perenmial
vegetation supplies abmndance of Loth vegetable and insect
food throughout the year, and thus a greater abundance and
greater variety of the forms of Hfe are rendered possible, than
where reewrrent scusoms of cold and scareity reduce the
possibilitics of life to a minimum.  Geology furnishes us with
another reason, in the fact, that throughout the tertiary period
tropical conditions prevailed far into the temperate regions, so
that the possibilities of colour development were still greater
than they are at the present time. The tropics, therefore,
present to ws the results of animal development in o much
larger aren and wader wmore favourable conditions than
prevail to-day.  We see in them samples of the productions of
an carlier and a better world, from an animal point of view ;
and this probably gives a greater variety and a finer display of
colour than wouk! have heen preduced, hud conditions always
heen what they are now.  The temperate zones, on the other
hand, have recently suffered the effects of & glacial period of
extreme severity, with the result that almost the only gay
colowred birds they now possess are summer visitors from
tropical or sub-tropical lands, Tt is to the unbroken and
almost unchecked cowrse of development from remote geo-
logical times that has provailed D the tropies, favoured by
abundant fuod and perennial shelter, that we owo such superb
developments as the frills and crests and jewelled shiclds of
the humming-birds, the golden plumes of the birds of parudise,
and tho resplendent teain of the peacock.  This last exhibits to
us the culmination of that marvel and mystery of animal colour
which is so well expressed by a poeet-artist in the following
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lines. The marvel will ever remain to the sympathetic
stundent of nature, but I venture to hope that in the pre.
ceding chapters I have sueceedal in lifting—if only Ly one
of ity corners—the veil of mystery which has for long
shrouded this department of nature,

On o Pearack’s Feather.

In Nature's workshop but o shaving,
Of her poem hut a word,

BDut a tint brushed from her palette,
This feather of a bird!

Yot set it in the sun glance,
Displey it in the shine,

Take graver’s lens, explore if,
Note filamen$ and e,

Mark amethyst to sapphire,
And sapphire to gold,

And gold to cmerald changing
The archetype unfold !

Tone, tint, threwl, tissue, texture,
Through every atom scan,

Conforming still, developing,
Obedient to plan.

This but to form a pattern
On the garment of a bird !

What then mnst be the poen,
This hut its lightest word !

Sit before it ; pouder oer it,
"T'will thy mind advantage more,

Thin a treatise, than a sermon,
Than a library of lore.



CHATTER XI

TIE SPECTAL COLOURS O1F PLANTH: THEIR ORIGIN
ANTY PURT'OSE

The general eolonr reldtions of plants —Colours of fruits—The meaning of
nuts—Ilidible or attractive fruits—The colours of flowers—Modes of
seeuring cross-feriilisation—The interpretation of the facts—Summary
of additional faets bearing on insert fertilisation—TFertilisation of
flowers by hirds —-Self-fertilisation of Howers--Difficulties and con-
tradietions-~Intererossing not necessanly advantageons —Supposed
evil resulty of close interbrecding—How the struggle for existence
acts among tlowers--Flowers the product of insect agency ~Concluding
remarks on colour in nature.

Tran colours of plants are hoth less definite and less eomplex
than are those of animals, and theiv interpretation on the
principle of ntility is, on the whole, more direet and more
eusy. Yot here, ton, we find that in our investigation of the
uses of the varions colonrs of fruits and flowers, woe are
introduced to some of the most obseure reeesses of nature’s
workshop, and ave confronted with problems of the deepest
interest and of the utmost complexity.

So much has been written on this interesting sabject
since Mr, Darwin first called attention to it, and its main
facts have hecome so generally known by means of lectures,
articles, and popular books, that 1 shall give here a mere
outline sketeh, for the pnrpose of leading up te a discussion
of some of the more fundamental problems which arise cut of
the facts, and which have hitherto received less attention than
they deserve.
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The General Colowr Relitions of Planls, tl

The green colour of the follage of leafy plants s due <o
the existence of n substance called chlorophyll, which s
almost universally developed in the leaves under the action
of light. It is subject to definite chemieal changes dwing
the processes of growth and of decay, and it is owing to
these changes that we lmve the delicate tints of spring
foliage, and the more varied, intense, and gorgeous hues of
antnmn.  Dut these all belong to the class of Intrinsic or
normal colowrs, due to the chemical constitution of the
organism ; ag colours they are unudaptive, and appear to
have no more relation to the weltheing of the plants them-
sclves than have the colours of gems and minerals. We may
also include in the same category those alge and fungi
which have bright colows-—the “red snow ™ of the aretie
regions, the red, green, or purple seawceds, the brilliant
scartet, vellow, white, or black agaries, and othber fungi
All these eolours are probably the direct results of chemical
compogition or molecular structure, and, being thus normal
products of the vegetable organism, need no special explana-
tion from our present point of view; and the same remark
will apply to the vuried tints of the bark of trunks, hranches,
and twigs, which are often of various shades of brown and
green, or even vivid reds or yellows,

There are, however, a fow enses in which the need of
protection, which we have found to be so important an
agency in modifying the colours of animals, has also deter-
mined those of some of the smaller members of the vegetable
kingdom.  Dr. Burchell found a mesembryanthemum in
South Afriea like a curionsly shaped peblle, closely resem-
Lling the stones amony which it grow ;! and Mr. J. I'. Mansel
Weale states that in the samo conntry one of the Asclepi-
adeae has tubers growing above gronnd among stones which
they exactly resemble, and that, when not in leaf, they
are for this reason quite invisible.? It is elear that such
resemblances must he highly useful to these plants, inhabiting
an arid country abounding in herbivorous mammalia, which,

U Burchell's Travels, vol. i, p. 10,
2 Naiure, vol. iil. p. 507,
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in times of drought or scarcity, will devour everything in the
shape of a ﬂwhy stem or tuber.

True mimiery is very rare in plants, thongh adaptation to
like conditions often prodiees in fohwo and ]1.11)1t a similarity
that is deceiving.  Fuphorbias growing in descrts often closely
resemble eactl.  Scaside plants and high alpine plants of
different orders are often much alike; and innumerable
resemblances of this kind are recorded in the names of
plants, a8 Veronien epacriden (the veronica like an epacris),
Limnanthemum  nymphaoides (the limnanthemnm  like a
nymphai), the resembling speetes in each case helonging to
totally distinet families.  But in these eases, and in most others
that have heen observed, the essential featnres of true mimicry
i absent, innsmuch as the one plant cannot he supposed to
derive mny lenelit from its close resemblance to the other,
and this is still more eertain from the fact that the two
species wsually inhabit different localitics, A few eases oxist,
however, in which there does =seem to he the necessary
accordance and ntility. M. Mansel Weale mentions a labiate
plant (Ajuga nphndw), the enly species of the genus Ajuga in
South Afriea, which is strikingly lke an or dud of the sume
country ; u]nh, a hadsam (Tmpatiens capensis), alse a solitary
species of the genus in that conntry, is equally like an arehid,
growing in the same locality and visited by the same insecets.
As Doth these genera of plants are specialised for insect
fertilisation, and hoth of the plants in question are isolated
species of their respective gencra, we may suppose that,
when they first reached Sonth Afvics they were negleeted
by the insects of the conntry; but, being both remotely like
orchids In form of flower, those varieties that approached
nearest to the familine species of the country weve visited
Iy inseets and eross-fortilised, and thus o eloser resemblunce
would at length De Dbrought about,  Another ease of eluse
general resemblance, is that of our common white dead-
nettle (Lamium allum) to the stingingnettle (Urtien diciea) ;
and Siv John Tabboek thinks that this is a case of true
mimicry, the dead-nettle being benefited by leing mistaken
Ly grazing animals for the stinging-nettle.!

U Frowers, Freuits, and Leaves, po 128 (Fig, 79).
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Colours of Fruils,

It is when we eome to the cssential parts of plants on
which their perpetuation and distribution depends, that we
find colonr largely utilised for u distinet puupose in flowers
and fruits.  In the former we find attractive colours and
guiding marks to sccure cross-fertilisation by insects; in
the latter atiractive or protective coloration, the first to
attract birds or other animals when the fruits are intended to he
eaten, the sccond to enable them to escape being enten when
it would be injurious to the species.  The colmn phenomena
of fruits heing mueh the most simple will hie considered first.

The perpetuation and therefore the very existence of cach
gpecies of Howeringe plant depend upon its seeds heing pre-
served from destruction and more or less effectuadly dispersed
over a considerable aren.  Tho dispersal is effected either
mechanically or by the agency of animals.  Mechanical dis-
persal is ehiefly by means of air-currents, and large numbers
of seeds are specially adapted to ho so cartied, cither by being
clothed with down or pappus, as in the well-known thistle and
dandelion seeds ; by having wings or other appendages, as in
the sycamore, Liveh, and many other trees ; by being thrown
to a cvonsideruble distance by the splitting of the sced-vesscl,
and by many other curious deviees!  Very large numbers of
seeds, however, are so small and light that they can be carried
enormous «listances by gales of wind, more especially as most
of this kind are flattened or curved, so as to expose a large
surface in proportion to their weight.  Those which are
curried by animals have their surfaces, or that of the sewd-
vessel, armed with minute hooks, or some prickly covering
which attaches itself to the hair of mammalia or the feathers
of birds, as in the burdock, ceavers, and many other species.
Others again are sticky, as in Plumbage curopma, mistletoe,
and many foreign plants.

All the secds or sccd-vessels which are adapted to De
dispersed in any of these ways are of dull protective tints, so
that when they full on the ground they are almost indis-
tinguishable ; hesides which, they are usually small, hard, and

! For a popular sketeh of these, see Sir J. Lubbock’™s Fiowers, Fruits, and
Leaves, or any general botanical work.
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altogether nnattractive, never having any soft, juicy pulp;
while the edible seeds often bear such a small proportion
to the hard, dry euvelopes or appendages, that fow animuls
would care to cut them.

Lhe Mening of Nufs.

There is, however, another class of fruits or seeds, usually
termed nnts, in which there is o lavge amount of edible matter,
often very agreeable to the taste, and especinlly attractive
and nourishing to a lurge number of animals. DBut when
eaten, the seed is destroyed and the existence of the species
endangered. It is evident, therefore, that it is by o kind of
accident that these nuts are catable ; und that they are not
it*ended to be eaten is shown hy the specinl care nature scems
to have taken to conceal or to protect them, Wo see that ail
our common nuts are greon when on the tree, so as not easily
to be distinguished from the leaves; but when ripe they turn
brown, so that when they full on to the ground they are equally
indistinguishahble among the dead leaves and twigs, or on the
brown earth. Then they are almost always protected by hard
coverings, as in hazelnuts, which ave concealed by the enlarged
leafy involuere, and in the large tropical brazilnuts and cocoa-
nuts by such a hard and tough case as to be safe from almost
cvery animal.  Others have an external Ditter rind, as in the
walnut ; while in the chestnuts and beechnuts two or three
fruits are enclosed in a prickly involuere.

Notwithstanding all these precautions, nuts are largely
devoured by mammalia and hirds; but as they are chicfly
the product of trees or shrubs of considerable longevity,
and are generally produced in great profusion, the perpetna-
tion of the species is not ondangered. In some cases the
devourers of nuts may aidd in their dispersal, as they probably
now amnd then swallow the seed whole, or not sutliciently
crushed to prevent germination; while squirrels have been
observed to bury nuts, many of which are forgotten and
afterwards grow in places they could not have otherwise
reached,!  Nuts, especially the larger kinds which are so
well protected by their hard, nearly globular cases, have their
dispersal facilitated by rolling down kill, and more especially

T Nature, vol. xv. p. 117,
X
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by floating in rivers and lakes, and thus reaching other locali-
ties. During the elevation of land areas this method wounld
bo very eficetive, as the new land would always he at a lower
level than that already covered with vegetation, and therefore
in the best position for being stocked with plants from it

The other modes of dispersal of seeds are so clearly adapted
to their special wants, that we fecl surc they must have been
acquired by the process of variation and natuyal selection,
The hooked and sticky seeds are always these of such her-
haceous plants as are likely, from their size, to come in
contact with the wool of sheep or the hair of eattle; while
seeds of this kind never ocour on forest trees, on aguatic
plants, or even on very dwarf ercepers or trailers. The
winged sced-vessels or seeds, on the other hand, mostly belong
to trees and to tall shrubs or climbers.  We have, therefore, s
very exact adaptation to conditions in these different modes of
dispersal ; while, when we come to consider individual eascs,
we find inmumerable other aduptations, some of which the
reader will find described in the littte work by Sir Joln
Lubhock already referred to.

Edible or Aliractive Fruifs,

It is, however, when we come to true fruits (in a popular
sense) that we find varied colours evidently intended to
attract animaly, in order that the fruits may be eaten, while
the seeds pass through the body undigested and are then in
the fittest state for germination. This end has heen gained in
a great varicty of ways, and with so many corresponding
adaptations as to leave no doubt as to the value of the result.
Fruits are pulpy or juicy, and usually sweet, and form the
favourite food of innmunerable Lirds and some mammals, They
are always coloured so as to contrast with, the folings or
surroundings, red being the most common as it is ecrtainly the
most conspicuous colour, but yellow, purple, lack, or white
heing not uncommon. The edible portion of fruits is developed
from different parts of the floral envelopes, or of the ovary, in
the various orders and genera. Somotimes the calyx heeomes
enlarged and fleshy, as in the apple and pear tribe; more
often the integuments of the ovary itself are cnlarged, as in
the plum, peach, grape, cte.; the receptacle is enlarged and
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forms the fruit of the strawberry ; while the mulberry, pine-
apple, and fig are examples of compound fruits formed in
various ways from a dense mass of flowers.

In all eases the seeds themselves are protected from injury
by various devices.  They are small and hard in the straw-
herry, raspberry, currant, cte., and are readily swallowed
among the copions pulp.  In the grape they are hard and
bitter; in the rose (hip) disagreeably hairy ; in the orange
tribe very bitter; and all these have a smooth, glutinous
exterior which facilitates their being swallowed:  When the
sceds are larger and are eatable, they are enclosed in an
exeessively hard and thick covering, as in the various kinds
of “stone ” frait (pluns, peaches, ete)), or in & very tongh core,
as in the apple. In the nutmey of the Eastern Archipelago
we have o curions adaptation to a single group of hirds. The
frait is yellow, somewhat like an oval peach, but firm and
hardly catable.  This splits open and shows the glossy
black covering of the seced or nutmeg, over which spreads
the bnight scarlet arillus or “mace,” an adventitious growth
of no use to the plant except to attract attention,  Large
fruit pigeons pluck out this sced and swallow it entirve
for tho sake of the muace, while the large nutmeg passes
through their hodies and germinates ; and this has led to
the wide distribution of wild nutmegs over Now Guinea
and the surronnding islinds,

In the restriction of hright colour to those edible fruits the
cating of which is hencficial to the plant, we see the undoubted
result of natwral selection ; and this is the more evident when
we find that the colour never appewrs till the frait is ripe—
that s, till the sceds within it are fully matnred and in the
best state for germination. Some brilliantly coloured fiuits
are poisonous, as in our bitter-sweet (Solanum dulcamara),
cuckoo-pint (Arum) and the West Indian manchineel. Many
of these are, no doubt, caten by animals to whom they are
harmless; and it has been suggested that even if some
animals are poisoned by them the plant is benefited, since it
not only gets dispersed, but finds, in the decaying body
of its vietim, » rich manure heap.! The particular colonrs
of fruits are not, so far as wo know, of any use to them other

Y Grant Allen's Colour Sense, p. 113,
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than as regards conspicuousness, hence a tendency to any
decided colour has been preserved and accumulated as serving
to render the fruit easily visible among its surroundings of
leaves or herbage. Out of 134 fru't-bearing plants in
Mongredien’s Trees and Shrubs, amd 1ooker's Bvitish Florn,
the fruits of no less than sixty-eight, or rather more than half,
are red, forty-five are black, fourteen yellow, and seven white.
The great prevalence of red fruits is almost certainly due to
their greater conspicuousness having favoured their dispersal,
though it may alse have arisen in part from the chemical
changes of chlorophyll during ripening and decay producing
red tints as in many fading leaves. Yet the comparative
scarcity of yellow in fruits, while it is the most common tint
of fading leaves, is against this supposition.

There arc, however, a few instances of coloured fruits which
do not seern to he intended to be caten; such are the colo-
eynth plant (Cucumis coleeynthus), which has a heantiful fruit
the size and colour of an orange, but nauseous beyond descrip-
tion to the taste. It has a hard rind, and may perhaps be dis-
persed by being blown along the ground, the colour being an
adventitious product ; but it is quite possible, notwithstanding
its repulsiveness to us, that it may be caten by sonie unimals,
With regard to the fruit of another plant, Calotropis
procera, there is less doubt, as it is dry and full "of thin,
Hat-winged seeds, with fine silky filaments, eminently adapted
for wind-dispersal; yet it is of a bright yellow eolour, as
large as an apple, and therefore very conspicuous,  Here,
therefore, we seem to have colour which is o mere by-
product of the organism and of no use to it; but such
cases arc oxceedingly rare, and this rarity, when compared
with the great abundance of cases in which there is an
obvious purpose in the colour, adds weight to the evidence
in favour of the theory of the attractive coloration of cdiblo
fruits in order that birds and other animals may assist in
their dispersal.  Both the above-named plants are natives of
Palestine and the adjacent arid countries.!

The Colours of Flowers,
Flowers are much more varied in their eolours than fruits,
1 Canon Tristram’s Natural History of the Bible, pp. 483, 484,



X1 THE SPECIAL COLOURS OF PLANTS 309

as they are more complex and more varicd in form and
structure ; yet there is some parallelism between them in both
respeets.  Flowers are frequently adapted to attract inscets
as fruits are to attract birds, the object being in the former to
seeure cross-fertilisation, in the Jatter dispersal; while just
as colour is an index of the edibility of fruits which supply
pulp or juice to hirds, so are the celours of flowers an indica-
tion of the presence of nectar or of pollen which are devoured
by insects.

The main facts and many of the details, as to the relation
of insects to flowers, were discovered by Sprengel in 1793,
1Ie noticed the curions adaptation of the striucture of many
lowers to the particular insects which visit them ; he proved
that insects do eross-fertilise flowers, and he helieved that this
wus the object of the adaptations, while the presence of nectar
and pollen ensured the continunance of their visits; yet he
missed discovering the use of this cross-fertilisation.  Several
writers at a later period obtained evidence that cross-fortilisa-
tion of plants was o henefit to them ; but the wide generality
of this fact and its intimate comnection with the numerons
and eurions adaptations  discovered hy Sprengel, was first
shown by Mr. Darwin, and has since heen demonstrated by a
vast muss of observations, foremost among which are his own
rescarches on orchids, primulas, and other plants.!

By an elaborate scries of experiments curried on for many
years Mr. Darwin demonstrated the great value of eross-
fertilisation in increasing the rapidity of growth, the strength
and vigour of the plant, and in adding to its fertility. This
cffect is produced immediately, not as he expected would be
tho case, after several generations of crosses.  He planted seeds
from cross-fertilised and self-fertilised plants on two sides of
the same pot exposed to exactly similar conditions, and in
most cases the difference in size and vigonr was amazing,
while the plants from cross-fertilised parents also produced
more and finer seeds.  These experiments entirely confirmed
the oxporionco of breeders of amimals already referred to
(p- 160), and led him to enunciate his famous aphorism,

! For n complete historical nccount of this subject with full references to
all the works upon it, see the Iniroduction to Hermann Miller's Fertilisation
of Flowers, tronslated by D’Arcy W, Thompson,
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“ Nature abhors perpetual sclf-fortilisation.?  In this prineiple
we appear to have a sufficient reason for the various con-
trivances by which so many flowers secure cross-fertilisation,
either constantly or oceasionally. These contrivances aro so
numerons, so varied, and often so highly complex and extra-
ordinary, that they have formed the subject of many claborate
treatises, and have also been amply popularised in leetures
andd handbooks. Tt will be unnecessary, therefore, to give
details here, but the main facts will be summarised in order
to call attention to some difficulties of the theory which seem
to require further elucidation.

Moides of securing Cross-Ferlilisution.

When we examine the varions modes in which the cross-
fortilisation of flowers is hrought abont, we find that some are
comparatively simple in their operation and needfnl adjust-
ments, others highly complex.  The simple methods helong to
four principal clusses :—(1) By dichogamy—that is, hy the
anthers and the stigma becoming mature ov in o fit state for
fertilisation at slightly different times on the same plant.  The
result of this is that, us plants in different stations, on different
soils, or exposed to ditferent aspects flower earlier or later, the
mature pollen of one plant can only fertilise some plant
exposed to somewhat different conditions ov of different con-
stitution, whose stigma will be mature at the samo fime; and
this difference has been shown by Darwin to be that which is
adapted to secure the fullest henefit of cross-fertilisation.
This oceurs in Geranium pratense, Thymus serpyllum, Arum
maculatum, and many others. (2) By the flower being
self-sterile with its own pollen, as in the crimson flax.  This
absolutely prevents sclf-fertilisation. (3} By the stamens and
anthers being so placed that the pollen ennnot fall upon the
gtigma, while it does fall upon a visiting inscet which carries
it to the stigma of another flower. This effect is produced in
a variety of very simple ways, and is often aided by the
motion of the stamens which hend down out of the way of
the stigmas hefore the pollen is ripe, as in Malva sylvestris
(see Tig. 28). (4) By the male and femuale flowers heing on

1 For the full detail of lis experiments, sce Cross- and Self- Fertilisalion
of Plants, 1876.
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dificrent plants, forming the class Dicocia of Linnaeus.  In these
casos tho pollen may be carried to the stigmas either by the
wind or by the ageney of insects.

Now these four methods are all apparently very simple,
and easily produced by vuria-
tion and selection.  They are
applicable to flowers of any
shape, requiring only such size
and colour as to attract insects,
and some seerction of nectar
to ensre their repented visits,
chiuncters common to the great
majority of flowers,  All these
methods are common, exeept
perhaps the second ; hnt there
are many flowers in which the )
pollen from another plang s 2 ity e v,
prepatent over the pollen from fertibmation. fertilvsatua,
the same flower, and this has newrly the same cffect as self-
sterility if the tlowers wre frequently crossed Dy insects,  We
cannot. help asking, thercfore, why have other and much
more elaborate methods been needed?  And how have the
more complex arrangements of so many flowers been brought
about § Defore attempting to answer these questions, and in
order that the reader may appreciate the difliculty of the
problem and the nature of the fucts to be explained, it will be
necessary to give a suninary of the more elaborate modes of
seenring cross-fertilisation.

{1) We first have dimorphism uand heteromorphism, the
phenomena of which have been already sketehed in our
seventh chapter.

Here we have hoth o mechanienl and a physiologies]
modification, the stamens and pistil heing variously meditied
in length and position, while the different stamens in the same
flowor have widely different degroes of fortility when applied
to the same stigme,~—a phenomenon which, if it wero not so
well established, would have appeared in the highest degreo
improbable. The most romarkable caso is that of the threo
different forms of the loosestrife (Lythrum salicaria) lere
figured (Fig. 29 on next page).
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(2} Some flowers have irritable stamens which, when their

Short-styled form

M:id-styled foro.

Fi1G, 20.—Lythrum salicaria (Purple loosestrifi).

Long-styled for,

hases are touched by an insect, spring up and dust it with
pollen.  This oceurs in our common berberry,
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(3) In others there are levers or processes by which the
anthers are mechanically bronght down on to the head or
back of an inscet entering the flower, in such a position as to
be carried to the stigma of the next flower it visits. This
may he well seen in many species of Salvia and Erica,

{4) In some there is » sticky seerction which, getting on
to the probosels of an inscet, carrics away the pollen, and
applies it to the stigma of another flower.  This occurs in our
common milkwort (] ‘olyeala vulgaris).

(3) In papilionaceons plants “there are many complex ad-
justments, such as the squeezing ont of pollen from a
receptacle on to an insect, as in Lotus corniculatus, or the
sudden springing out and exploding of the anthers so as
thomufrhly to dust the insect, as in Medicago falenta, this
ocenrring after the stigma has touched the inscet and taken
off some pol]en from thu lust flower,

(6) Some tlowers or spathes form closed boxes in which
insects find themselves entrapped, and when they have fertilised
the tlower, the fringe of hairs opens and allows them to escape.
This occurs in many species of Arum and Aristolochia.

(7) Still more remarkable aro the traps in the fower of
Asclepius which eatch flies, butterflies, and wasps by the legs,
and the wonderfully complex arrangements of the 01@111(1%
One of these, our common Orchis pyramidalis, may be briefly
described to show how varied and beautiful are the arrange-
ments to secure cross-fertilisation.  The broad trifid lip of
the flower offers a support to the moth which is attracted
by its sweet odour, and two ridges at the base guide the
proboscis with certainty to the narrow entrance of the
nectary.  When the proboscis has reached the end of the
spur, its basal portion depresses the little hinged rostellum
that covers tho saddle-shaped sticky glands to which the
pollen masses (poliinia) are attached.  On the proboscis
being withdrawn, the two pollinia stand eveet and parallel,
firmly attached to the proboscis. In this position, however,
they would be useless, as they would miss the stigmatic
surfaco of the next flower visited by the moth. But as
soon as the proboscis is withdrawn, the two pollen masses
begin to diverge till they are exactly as far apart as are the
stigmas of the flower; and then commonces a sccond move-
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ment which brings them down till they project straight ior-
ward nearly at right angles to their fivst position, so as exacily
to hit against the stigmatic strfaces of tho next Hower visited
on which they leave a portion of their pollen.  The whole of
these motions take about half & minute, and in that time the
moth will usnally have flown to another plant, and thus effect
the most heneficiul kind of crossfertilisation.  'T'his deserip-
tion will he better understood by referring to the illustration
opposite, from Darwin’s Fertilisetion of Orchids (Fig, 30),

The Interpretetion of these Faels,

1laving thas briefly indieated the general character of the
more complex adaptations for cross-fertilisation, the details of
which are to he found in any of the numerous works on the
stbject,? we find oursclves confronted with the very puzzling
guestion—3Why were  these innumerable highly complex
adaptations produced, when the very same result may bo
cffected—and often is effected—Dy extremely simple means?
Bupposing, as we must do, that all flowers were once of
simple and regular forms, like o buttercup or o rose, how
did such irregular and often complicated flowers as the
papilivnaccons or pea family, the labiates or sage family, and
the infinitely varied and fantastie orchids ever come info ex-
istence 7 No cause has yet been suggested but the need of
attracting insccts to cross-fertilise them; yeb the attractive-
ness of regular flowers with bright colours and an ample
supply of nectar is equally greas, and cross-fertilisation can be
quite as sffeetively seenred in these by any of the four simple
methods already deseribed.  Before attempting to suggest a
possible solution of this diffienlt problem, we have yet to pass
in review a large body of curious adaptations conneeted with
inseet fertilisation, and will first eall attention to that portion
of the phenomena which throw somo light upon the special
colours of flowers in their relation to the various kinds of
insects which visit them. For these facts we are largely in-

v See Darwin's Kerdilisetion of Orelids for the many eatraordinary snd
conmiplex arrangements in these plants.

4 The Ruglish render wmny consult Sir John Taubbock's Iritish TVid
Flowers T Relation to Faseots, sud 11, Muller's great nnd original work, T'%e
Fertilisution of Flowers,
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debted to the exact and long-continued rescarches of Professor
Hermann Miiller,

Summeary of Additional Facts beaving on Insect Fertilisation.

L. That the sizc and colour of a flower are import:nt
factors in determining the visits of insects, is shown by the
general fact of more insects visiting conspicuous than incon-
spicuous flowers.  As o single instance, the handsome (ieranium
palustre was observed by Professor Miiller to be visited by
sixteen different species of insects, the equally showy (.
pratense by thirteen species, while the smaller and much
less conspicuous G. molle was visited by eight specics, and
(. pusillum by only one.  In muany ecases, however, a flower
may be very attractive to only a few species of imscets ; and
Professor Miller states, as the result of many years’ assiduous
observation, that “a species of flower is the more visited hy
insects the morae conspicucus it is.”

2. Sweet odour is usually supplementary to the atévaction of
colour. Thus it is rarcly present in the largest and most gauglily
coloured flowers which inhabit open places, such as poppies,
peonies, sunflowers, and many others; while it is often the
accompaniment of inconspicuous flowers, as the mignonette ; of
such as grow in shady places, as the violet and primrose ; and
especially of white or yellowish flowers, as the white jusmine,
clematis, stephanotis, ete.

3. White flowers are often fortilised hy moths, and very
frequently give out their scent only by night, as in our butterfly-
orchis (Habenaria chlorantha); and they sometimes open only at
night, as do many of the evening primroses and other flowers.
These flowers are often long tubed in accordance with the
length of the moths’ probosces, as in the genus Pancratium,
our butterfly orehis, white jasmine, and a host of others,

4. Bright red flowers are very attractive to butterflies, and
are rometimes specially adapted to be fertilised by them, as
in many pinks (Dianthus deltoides, ID. superbus, D, atroruhens),
the corn-cockle (Lychnis Githago), and many others. Blue
flowers are especially attractive to bees and other hymenoptera
{though they frequent flowers of all colours), no less than sixty-
seven species of this order having been observed to visit the
common ““sheep’s-bit” (Jasione montana). Dull yellow or
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Lrownish flowers, some of which smell like carrion, are
attractive to fhies, as the Arum and Aristolochia; while the
dull purplish flowers of the Scrophularia are speelally attrac-
tive to wasps.

5. Some flowers have neither scent nor nectar, and yet
attract insects by sham nectaries! In the herb-paris (Paris
quidrifolin) tho ovary glistens as if moist, and flics alight on it
and carry away pollen to another flower ; while in grass of
parnassus (Parnassia palustris) there are a number of small
stalked yellow Dalls near the base of the flower, which look
like drops of honey but are really dry.  In this case there is
a little ncctar lower down, but the special attraction is a
sham ; and as there are fresh hroods of inseets every year, it
takes time for them to learn by experience, and thus encugh
are always deceived to effeet cross-fertilisation.!  This is
analogons to the case of the young birds, which have to learn
by experience the insects that are inedible, as expluined at
page 253,

6. Many flowers chango their colour as soon as fertilised ;
and this is beneficial, as it enables bees to avoid wasting time
in visiting those blossoms which have been already fertilised
and their nectar exhausted. The common lungwort (Pul-
monaria officinalis), is at first red, but later turns blue; and
II. Miiller observed hees visiting many red flowers in
succossion, but neglecting the blue.  In South Brazil there
is a species of Lantana, whose Howers are yellow the first day,
orange the sccordl, and purple the third; and Dr. Frite
Miiller observed that many butterflies visited the yellow
flowers only, some both the yellow and the orange flowers,
but none the purple.

7. Many flowers have markings which serve as guides to
insects; in some enses o bright central eye, as in the borage
and forget-me-not ; or lines or spots converging to the centre,
ag in geraniums, pinks, and many others, This enables
insects to go quickly and directly to the opening of the
flower, and is equally important in aiding them to obtain a
better supply of faod, and to fertilise a larger number of
flowers,

8. Tlowers have been specially adapted to the kinds of

1 Miiller's Fertilisation of Flowers, p. 248.
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insects that most abound where they grow.  Thus the gentians
of the lowlands are adapted to bees, those of the high alps to
butterflies only; and while most species of Rhinunthus {(a
genus to which onr common “ yellow rattle ” helongs) are hee-
flowers, one high alpine species (K. alpinus) has been also
adapted for fertilisation by Dbutterflies only. The reason of
this is, that in the high alps butterflies wee fmmensely morve
plentiful than bees, and flowers adapted to be fertilised by
bees can often have their nectar extracted hy Dbutterflies
without effecting cross-fertilisation. 1t is, therefore, im-
portant to have a modification of structure which shall make
butterflies the fertilisers, and this in many cases has heen done.?

9. Economy of time is very important both to the inseets
and the flowers, because the fine working days are com-
paratively few, and if no time is wasted the hees will get
more honey, and in doing so will fertilise more tlowers.  Now,
it has been ascertained by several observers that many insects,
hees especially, keep to one kind of flower at a time, visiting
hundreds of blossoms in succession, and passing over other
speeies that may be mixed with them. They thus acquire
quickness in going at once to the nectar, and the change of
colour in the flower, or incipient withering when fertilised,
enables them to avoid those flowers that have wlready had
their honey exhausted. Tt is probably to assist the inscets in
keeping to ono flower at a time, which is of vital importance
to the perpetuation of the species, that the flowers which
bloom intermingled at the same season are usually very dis-
tinet hoth in form and colour. In the sandy districts of
Surrey, in the early spring, the copses ure gay with three
flowers—the primrose, the wood-anemone, and the lesser
celandine, forming a beautiful contrast, while at the same
time the purple and the white dead-nettles ahound on hedge
banks. A little later, in the same copses, we have the blue
wild hyacinth (Scilla nutans), the red campion (Lychnis
dioica), the pure white great storwort (Stellaria Holosteum),
and the yellow dead-nettle (Lamium (Galeohdolen), all distinet
and wellcontrasted flowers. In damp meadows in summer
we have the ragged robin (Liychnis Floscucnli), the spotted
orchis {O. maculata), and the yellow rattle (Rhinanthus

1 v« Alpenblumen,” by D, H. Maller. See Nature, vol. xxiii. p. 833.
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Crista-galli) ; while in drier meadows we have cowslips,
ox-cye daisies, and Dbuttercups, all very distinet hoth in form
and coleur.  So in cornfields we have the scarlet poppies, the
parple corn-cockle, the yellow corn-marygold, and the blue
cornflower; while on our moors the purple heath and the
dwarf gorse make n gorgeous contrast,  Thus the difference
of colour which enubles the insect to visit with rapidity and
unerring aim a numhber of flowers of the same kind in sue-
cession, scrves to adorn our meadows, banks, woods, and
heaths with a charming variety of floral colour and form at
each scason of the yeart

Fertilisation of Flowers by flirds,

In tho temperate regions of the Northern Henisphere,
insects are thoe chief agents in cross-fertilisation when this is
not effected by the wind ; but in warmer regions, and in the
Sonthern hemisphere, birds are found to take a considerable
part in the operation, and have in many cases led to modifi-
eations in the form and colonr of flowers.  Each part of the
globe has special groups of birds which are flower-haunters,
America has the humming-birds (Irochilide), and the smaller
gronp of the sugar-birds (Carebide).  In the Fastern tropics
the sun-birds (Nectuineidie} tako the place of the humming-
birds, and another small group, the flower-peckers (Dicwvidee),
assist them.  In the Australian region there are also two
flower-feeding gronps, the Meliphagidie, or honey-suckers,
and the Iwush-tonpued Jories (Trichoglossidie). Ileeent re-
scarches by American naturalists have shown that many
flowers are fertilised by humming-birds, such as passion-
flowers, trumpet-flowers, fuchsias, and lobelias ; while some,
as the Salvin splendens of Mexico, are specially adapted to
their visits. We may thus perhaps explain the number of
very lurge tulular flowers in the tropics, such as the huge
brugmansias and hignonias; while in the Andes and in

1 This peculiarity of local distribution of colour in fHowers may be com-
pared, as regarids its purpose, with the recognition eolours of animals.  Just
s these latter colours enable the sexes to recognise each otler, and thus avoid
sterile unions of distinct species, so the distinctive form and colour of eaclht
ppecies of flower, a8 compared with those that usually grow around it, eunbles
the fertilising insecls to aveid carrying the pollen of one flower to the stigna
of u distinct species,
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Chile, where humming-birds are especially plentiful, we find
greab numbers of red tubular Howers, ofien of large sizo and
apparently adapted to these little creatures. Such are the
beautiful Lapageria and Philesia, the grand Piteairneas, and
the genera Fuchsia, Mitraria, Embothrium, liscallonia, Desfon-
tainea, Eceremocarpus, and many Gesneracere, Among the
most extraordinary modifications of Hower structure adapted

Fra. 8l.—Ihwinning-bird fertilising Muregravia nepenthoides,

to hird fertilisation are the species of Marcgravia, in which the
pedicels and bracts of the terminal portion of a pendent bunch
of flowers have been modified into pitchers which scerete
nectar and attract insects, while birds fecding on the nectar,
or insects, have the pollen of the overhanging flowers dusted
on their backs, and, carrying it to other flowers, thus cross-
fertilise them (sce MHustrtiond

In Australin and New Zeuland the fine “glory pens”
(Clianthus), the Sophera, Loranthus, many Epaceridea: and
Myrtacew, and the large flowers of the New Zealand tlax
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(Phorminm tenax), are cross-fertilised by birds ; while in Natal
the fine trumpet-creeper (Tecoma capensis) is fertilised by
Nectarineas.

The great extent to which inseet and bird agency is
necessary to flowers is well shown by the case of New
Zealand,  The entire country is comparatively poor in species
of insects, especially in bees and butterflies which are the
chief flower fertilisers; yet according to the researches of
loeal botanists no less than one-fourth of all the floworing
plants are incapable of self-fertilisation, and, therefore, wholly
dependent on insect or bird agency for the continuance of
the species.

The facts as to the cross-fertilisation of flowers which have
now heen very briefly summarised, taken in connection with
Darwin’s experiments proving the inereased vigour and fer-
tility given by cross-fertilisation, seem amply to justify his
aphorism that “ Nature abhors self-fertilisation,” and his more
precise statement, that, “No plant is perpetnally self-fertil-
iged ;” and this view has been upheld by Hildebrand, Delpino,
and other botanists,!

Self- Fertilisation of Flowers.

But all this time we have been only looking at one side of
the question, for there exists an abundunce of facts which
seem to imply, just as surely, the utter uselessness of cross-
fertilisation. Let us, then, see whit these facts are hefore pro-
ecoding further,

1. An immense variety of plants are habitually self-fer-
tilised, and their numbers probably far excend those which
are habitually cross-fertilised by insects.  Almost all the very
small or obscure flowered plants with hermaphrodite flowers
are of this kind, Most of these, however, may be insect
fertilised occasionally, and may, therefore, come under the rule
that no speeies are perpetually self-fertilised.

2. There are many plants, however, in which speeial
arrangements exist to sceure self-fertilisation, Sometimes the
corolla closes and brings the anthers and stigma into contact ;
in others the anthers cluster round the stigmas, both maturing
together, as in many buttercups, stitchwort (Stellaria media),

1 Beo K. Muller's Fertilisation of Flowers, p. 18,
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sandwort (Spergula), and some willow-herbs (Epilobium) ; or
they arch over the pistil, ag in Galium aparine and Alisma
Plantage. The style is also modified to bring it into contact
with the anthers, ag in the dandelion, groundsel, and many
other plants.! All these, however, may he occasionally cross-
fertilised.

3. In other cases precautions are taken to prevent cross-
fertilisation, as in the numerous cleistogamous or closed flowers.
These occur in no less than fifty-five different genera, belonging
to twenty-four natnral orders, and in thirty-two of these genera
the normal flowers are irregular, and have therefore beon
specially modified for insect fertilisation.? These flowers appear
to be degradations of the normal flowers, and are closed up by
various modifications of the petals or other parts, so that it is
impossible for insects to reach the interior, yot they produce
seed in abundance, and arc often the chief means by which
the species is continned. Thus, in our common dog-violet the
perfect flowers rarely produce seed, while the rudimentary
cleistogamic flowers do so in abundance,  The sweet violet also
produces abundance of sced from its cleistogamic flowers, and
few from its perfect flowers; but in Liguria it produces only
perfect flowers which sced abundantly, No ease appears to
be known of a plant which has cleistogamic flowers only, but
a small rush (Juncus bufonius) is in this condition in some
parts of Russia, while in other parts perfect flowers are also
produced.® Our common henbhit dead-nettle (Lamium amplex-
icaule) produces cleistogamic flowers, as do also some orchids,
The advantage gained by the plant is great economy of
specialised material, since with very small owers and very
little expenditure of pollen an abundance of seed is produced.

4. A considerable number of plants which have evidently
been specially modified for inscct fertilisation have, by further

1 The above examples are taken frem Rev. (. Henslow's paper on “ Self-
Periilisation of Plants,” in Trans, Linn, Soe, Heeond series, Botany, vol. i
pp- 317-398, with plate. Mr. H. O. Forbes has shown that the same thing
oecurs among tropical orchids, in his paper * On the Contrivances for insaring
Helf-Fertilisation in some Tropical Orchids,” Journ. Linn, Soc., xxi, p. 538,

% These are the numbers given by Darwin, but ¥ am informed by Mr,
Hemsley that many sdditions have heen since made to the list, and that
cleistogamic flowers probably oceur in nearly all the natural orders.

. # For a full account of cleistogamic flowers, see Darwin's Forms of Flowers,
chep, viii,
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modification, hecome quite self-fertile.  This is the case with
tho garden-pea, and also with our beautiful bee-orchis, in which
the pollen-masses constantly fall on to the stigmas, and the
flower, being thus self-fertilised, produces abundance of capsules
and of seed. Yet in many of its elose allies insect agency is
absolutely required ; but in one of these, the fly-orchis, com-
paratively very little seed is produced, and self-fertilisation
would therefere be advantageous to it. When garden-peas
were artificially cross-fertilised by Mr. Iarwin, it seemed to do
them no good, ag the seeds from these crosses produced less
vigorous plants than seed from those which were self-fertilised ;
a fact directly opposed to what usually occurs in cross-fer-
tilised plants.

5. Asopposed to the theory that there is any absolute need
for cross-fertilisation, it has been urged hy Mr. Henslow and
others that many sclf-fertilised plants are exceptionally vigorous,
such as groundsel, chickweed, sow-thistle, hutterenps, and other
common weeds ; while most plants of world-wide distribution
are self-fertilised, and these have proved themselves to be best
fitted to survive in the battle of life. More than fifty species
of common British plants are very widely distributed, and all
are habitually self-fertilised.! That self-fertilisation has some
great advantage is shown by the fact that it is usually the
gpecics which have the smallest and least conspicuous flowers
which have spread widely, while the large and showy flowered
species of the same gencra or families, which require insects to
cross-fertilise them, have 4 much more limited distribution.

6. It is now helieved by some hotanists that many in-
conspienous and imperfeet flowers, including those that are
wind-fortilised, such as plantains, nettles, sedges, and grasses,
do not represent primitive or undeveloped forms, but are
degradations from more perfect flowers which were once
adapted to insect fertilisation. In almost every order we find
some plants which have become thus reduced or degraded for
wind or self-fertilisation, as Poterium and Sanguisorba among
the Rosacem; while this has certainly been the case in the
cleistogamic flowers, In most of the above-mentioned plants
there are distinct rudiments of petals or other floral organs,

1 Henalow'a “ Self- Fertilisation,” Frans. Linn, Soc, Second series, Bofany,
vol. i p. 391
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and as the chief use of theso ja to attract insects, they could
hardly have existed in primitive flowers.! 'We know, moreover,
that when the petals cease to be required for the attraction of

! The Rev. George Henslow, in his Origin of Floral Structuves, says:
“#There is little doubt but that ail wind-fertilized angiosperma are degradations
from insect-fertilised flowers. . . . Poferfum sanguisorbe i3 anemophilous ;
and Sunguisorbe oficinalis presumably was so formerly, hut has reacquired
an entomophilons habit ; the whole tribe Poteries Leiug, in fact, a degraded
group which has descended from Potentillee. Plantains retain their corolla
but in a degraded form. Juncem are degraded Lilies; while Cyperacem and
Graminez among monocotyledons may he ranked with Amentifere zwong
dicotyledons, as representing orders which have retrograded very far from
the eantomophilous forms from whiclkk they were possibly and probably de-
scended ” (p, 266).

" The genus Plantago, like Thalictrum minus, Poterium, and others, well
illustrate the change from an cntomophilous to the anemophilous state.
1" lanceplate has polymorphic tlowers, and is visited by pollen-seeking insects,
50 that it can be fertilised either by insects or the wind, P, media illustrates
transitions in point of structure, as the filaments are pink, the anthers
motionless, and the pollen grains aggregated, and it is regularly visited by
Bombus lerrestris,  On the other hand, the slender filaments, versatile anthers,
powdery pollen, and efongated protogynous style are features of other species
mdicating anemophily ; while the presence of a degraded corolla shows ifs
ancestors to have been entotnophilous, P. mediv, therefore, illustrates, not
a primitive entomophilous condition, but a return to it; just a3 is the cose
with Sanguisorba afficinalis and Saliz Capreq ; but these sliow no eapaeity of
restoring the corolla, the attractive features having to be horne by the ealyx,
which is purplish in Sanguisorba, by the pink filaments of Plantage, and by
the yellow anthers in the Sallow willow” (p. 271).

““The interpretation, then, I would offer of inconspicuousness and all kinds
of degradations is the exact opposite to that of conspicuousness and great
differentiations ; namely, that species with minute flowers, rarely or never
visited by inseets, and habitually self-fertilised, have primarily arisen through
the neglect of insecis, and have in consequence assumed their present floral
structures '’ {p. 282).

In a letter just received from Mr. Henslow, hef gives a few additional
illustrations of his views, of whick the following are the most important:
“Passing to Incompletx, the orders known collectively as * Cyclospermex’
are related to Caryophyllem; ard to my wmind are degradations from it, of
which Orache is anemophilous. Cupulifers have an inferior ovary and rudi-
mentary calyx-limb on the top. Thenre, as far ag I know, camnot be inter-
preted except as degradalions. ‘The whole of Monocotyledons appear to me
{from anntomical remsonms especially) to be degradations from Dicotyledons,
and primarily through the agency of growth in water, Many subsequently
became terrestrial, but retained the effects of their primitive habitat through
heredity. The 3-merous perianth of grasses, the parts of the flower being in
whorls, point to & degradation from a sub-lilinceous condition.”

Mr. Henslow informs me that he has long held these views, but, as far aa
he knows, alone, Mr. Grant Allen, however, set forth a similar theory in his
Vignetles from Noture {p. 15) and more fully in The Colowrs of Flowers
(chap. v.), where he develops it fully and wses similar arguments to those of
Mr. Henslow,
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insects, they rapidly diminish in gize, lose their right colour
or almost wholly disappear !

Difficulties und Contradictions.

The very bare summary that has now heen given of the
main facts relating to the fertilisation of flowers, will have
served to show the vast extent and complexity of the inquiry,
and the extraordinary contradietions and difficulties which it
presents.  We have direct proof of the beneficial results of
intercrossing in a great number of cases; we have an over-
whelming mass of facts as to the varied and complex structure
of flowers evidently adapted to secure this intercrossing by
inseet agency ; yet we sce many of the most vigorous plants
which spread widely over the globe, with none of these
adaptations, and evidently depending on self-fertilisation for
their continued oxistence and success in the battle of life.
Yet more extraordinary is it to find numerous cases in which
the speeial arrangements for cross-fertilisation appear to have
been a failure, since they have either been supplemented by
special means for self-fertilisation, or have reverted bhack in
various degrees to simpler forms in which self-fertilisation
hecomes the rule. 'Fhere is also a further diffienlty in the
highly complex modes by which cross-fertilisation is often
brought about; for we have scen that there are several very
effective yet very simple modes of securing intercrossing,
involving o minimum of change in the form and structure of
the flower; and when we consider that the result attained
with so much cost of structural modification is by no means
an unmixed good, and is far less certain in securing the per-
petuation of tho spocies than is self-fertilisation, it is most
puzzling to find such complex methods resorted to, some-
times to tho extent of special precautions against the possi-
bility of self-fertilisation ever taking place. Let us now see
whether any light can be thrown on theso varicus anomalies
and contradictions.

Intercrossing not necessarily Advantageous.

No one was more fully impressed than Mr. Darwin with
the beneficial effects of intercrossing on the vigour and fertility

1 H. Miller eives amnle nraof of this in his Festilization nf Fleners.
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of the species or race, yet he elearly saw that it was not
always and necessarily advantageous. He says: “The most
importunt econclusion at which T have arrived is, that the mere
act of intercrossing by itself does no good. The good
depends on the individuals which are crossod differing slightly
in constitution, owing to their progenitors having been sub-
jected during several generations to slightly different con-
ditions. This conelusion, as we shall hereafter see, is closely
connected with various important physiological problems, snch
as the benefit derived from shight changes in the conditions of
life.” ! Mr. Darwin has also adduced much direet evidence
proving that slight changes in the conditions of life ave
beneficial to hoth animals and plants, maintaining or restoring
their vigour and fertility in the sume wuay as a favourable
eross scems to restore it.” It i3, I Delieve, by u carcfnl
consideration of these two classes of facts that we shall find
the clue to the labyrinth in which this subject has appeared
to involve us.

Supposed Evil Lesulls of Close Interbreeding.

Just ns we have seen that intercrossing iz not necessarily
good, we shall be forced to admit that close interbreeding is
not necessarily bad.  Qur finest breeds of domestic animals
have been thus produced, and by a careful statistical inguiry
Mr. George Darwin has shown that the most constant and
long-continued intermarriages among the British aristoeracy
have preduced no prejudicial results. The rabbits on Porto
Santo are all the produce of a single female ; they have lived
ou the same small island for 470 yecars, and they still abound
there and appear to be vigorous and healthy (sec p. 161).

We have, however, on the other hand, overwhelming
cvidence that in many cases, among our domestic animals and
cultivated plants, close interbreeding does produce bad results,
and the apparent contradiction may perhaps be explained on
the same general principles, and under similar limitations, as
were found to be necessary in defining the value of inter-
crossing. It appears probable, then, that it is not inter-
breeding in itself that is hurtful, but interbreeding without

Y (lross- and Self-Fertilisation, p. 27.
? Animals and Plants, vol. il p. 145,
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rigid selection or some change of conditions. Under nature,
as in the case of the Porto SBanto rabbits, the rapid increase of
these animuls would in a very fow yocars stock the island with
a full population, and thereafter natural selection would act
powerfully in the preservation only of the healthiest and the
most fertile, and under these conditions no deterioration
would oceur.  Among the aristocracy there has been a
eonstant sclection of beauty, which is generally synonymous
with health, while any constitutional infertility has led to the
extinction of the family. With domestic animals the selee-
tion practised is usually neither severc enough nor of the
right kind. There is no natural struggle for existence, hut
certain points of form and colour characteristic of the breed
are considered cssential, and thus the most vigorous or the
most fortile are not always those which are selected to
continue the stock,  Tn nature, too, the species always extends
over a larger area and consists of much greater numbers, and
thus a difference of constitution scon arises in different parts
of the ares, which is wanting in the limited numbers of pure
bred domestic animals.  Trom a consideration of these varied
facts we conclude that an occasional disturbance of the organic
equilibrium is what is essential to keep up the vigour and
fertility of any organism, and that this disturbance may be
cqually well produced either by o cross between individuals
of somewhat different constitutions, or by occasional slight
changes in the conditions of life. Now plants which have
great powers of dispersal enjoy a constant change of con-
ditions, and cun, thevefore, exist permanently, or at all events,
for very long periods, without intercrossing; while those
which have limited powers of dispersal, and are restricted to
a comparatively small and uniform area, need an occasional
cross to keop up their fertility and, general vigour. We
should, therefore, expect that those groups of plants which are
adapted both for cross- and self-fertilisation, which have showy
flowers and possess great powers of secd-dispersal, would be
the most abundant and most widely distributed ; and this we
find to be the ease, the Compositse possessing all these charac-
teristics in the highest degreo, and being the most generally
abundant group of plants with conspicuous flowers in all parts
of the world,



528 DARWINISM CHAP,

How the Struggle for Existence Acts among Flowers.

Let us now consider what will be the action of the struggle
for existenee under the conditions we have scen to exist.

Everywhere and at all times some species of plants will be
dominmant and aggressive ; while others will be diminishing in
numbers, reduced to occupy a smaller ares, and generally
having & hard struggle to maintain themselves. Whenever
a sclf-fertilising plant is thus reduced in numbers it will be
in danger of extinction, because, being limited to a small
arca, it will suffer from tho effcets of too uniform conditions
which will produce woakness and infertility. But while this
change is in progress, any erosses between individuals of
slightly different constitution will be beneficial, and all varia-
tions favouring either insect ageney on the one hand, or
wind-dispersal of pollen on the other, will lead to the pro-
duction of a somewhat stronger and more fertile stock. In-
creased size or greater brilliancy of the flower, more abundant
nectar, sweeter odour, or adaptations for more effectual cross-
tertilisation would all be preserved, and thus would be initiated
some form of specialisation for insect agency in cross-foertil-
isation ; and in cvery different species so circumstanced the
result would be different, depending as it would on many
and complex combinations of variation of parts of the flower,
and of the insect species which most abounded in the district.

Species thus favourably modified might begin o new era
of development, and, while spreading over a somewhat wider
area, give risc to mew varietics or species, all adapted in
various degrees and modes to secure cross-fertilisation by
insect agency. But in course of ages some change of condi-
tions might prove adverse. Either the insects required might
diminish in numbers or be attracted by other competing
flowers, or a change of climate might give the advantage
to other more vigorous plants. Then seclf-fertilisation with
greater means of dispersal might he more advantageous ; the
Howers might become smaller and more numerous ; the seceds
smaller and lighter so as to he more easily diapersed by the
wind, while some of the special adaptations for insect fertilis-
ation being useless would, by the absence of sclection and by
the law of cconomy of growth, be reduced to a rudimentary
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form. With these modifications the specics might extend its
range into new distriets, thereby obtaining increased vigour
by the change of conditions, as appears to have becn the ease
with 5o many of the small flowered self-fertilised plants. Thus
it might continue to exist for a long series of ages, till under
other chs it might again
suffer from competition or from other adverse circumstances,
and be at length again confined to a limited aves, or reduced
to very seanty numhers.

But when this cyele of change had taken place, the species
would be very different from the original form.  The flower
would have been at one time modified to favour the visits
of insects and to sceure cross-fertilisation by their aid, and
when the need for this passed away, some portions of these
struetures would remain, though in a reduced or rudi-
mentary condition.  But when inscet ageney became of
importance o second time, the new modifications would
start from o different or more advanced basis, and thus a
more complex result might be produced. Owing to the
unequal rates at which the reduction of the varions parts
might oceur, some amount of irregulavity in the Hower might
arise, and on a second development towards inseet cross-
fertilisation this irregularity, if uscful, might be increased by
variation and scleetion,

The rapidity and comparative certainty with which such
changes as are here supposed do really tuke place, arc well
ghown by the great differences in floral structure, as regar rds
the mode of fertilisation, in allied genera and species, and even
in some cases in varietios of the same species. Thus in the
Ranunenlucew we find the conspienous part of the flower to be
the petals in Ranunculus, the sepals in Helleborus, Anemone,
ete., and the stamens in most species of Thalictrum. In all
these we have a simple regular flower, but in Aquilegia it is
made complex by the spurred petals, and in Delphinium and
Aconitum it becomes quite irregular. In the more simple class
self-fertilisation occurs freely, but it is prevented in the more
complex flowers by the stamens maturing before the pistil
In the Caprifoliscews we have small and regular greenish
flowers, as in the moschatel (Adoxi) ; more conspicnous regular
open flowers without honey, as in the elder (Sambucus) ; and
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tubular flowers inereasing in length and irregularity, till in
some, like our common honeysuckle, they are adapted ior
fertilisation by moths only, with abundant honey and
delicions perfume to attract them. In the Serophulariaces
we find open, almost regular flowers, as Veroniea and
Verbascum, fertilised by flics and bees, but also self-fertilised ;
Scrophularia adapted in form and colour to be fertilised by
wasps; and the more complex and irregular flowers of
Linaria, Rhinanthus, Melampyrum, Pedicularis, etc., mostly
adapted to be fertilised by bees.

In the genera Geraninm, Polygonum, Veronica, and several
others there is a gradation of forms from large and bright
to small and obscure coloured flowers, and in every case the
former are adapted for insect fertilisation, often exclusively,
while in the latter seli-fertilisation constantly occurs. In the
yellow rattle (Rhinanthus Crista-galli} there arc two forms
{which have been named mojor and minor), the larger and
more ronspicuous adapted to insect fertilisation only, the
smaller capable of self-fertilisation ; and two similur forms exist
in the eyebright (Euphrasia officinalis). In both these cases
thero are special modifications in the length and curvature
of the style as well as in the size and shape of the corolla;
and the two forms are evidently becoming cach adapted to
special conditions, gince in some districts the one, in other
districts the other is most abundant,!

These examples show us that the kind of change suggested
above is actually going on, and has presumably always heen
going on in nature throughout the long geological epochs
during which the development of flowers has been progressing,
The two great modes of gaining increased vigour and fertility
—intercrossing and dispersal over wider areas—have been
resorted to again and again, under the pressure of a constant
struggle for existence and the need for adaptation to ever-
changing conditions. DPuring all the modifications that ensued,
useless parts were reduced or suppressed, owing to the absence
of selection and the principle of economy of growth ; and thus
at each fresh adaptation some rudiments of old structures wero

1 Muller's Fertilisation of Flowers, pp. 448, 455, Other cases of recent
degradation and readaptation to insect-fertilisution are given by Professor
Henslow {see footnote, p. 324},
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re-developed, but not unfrequently in a different form and for
a distinet purpose.

The chief types of flowering plants have existed during the
millions of ages of the whole tertiary period, and during this
enormous lapse of time many of them may have been modified
in the dircction of insect fertilisation, and again into that of
self-fertilisation, not once or twice only, but perhaps scores or
event hundreds of times; and at cach such modification a
difference in the environment may have led to a distinet
line of development. At one epoch the highest specinlisation
of structure in adaptation to a single species or group of insects
may have saved a plunt from extinetion; while, at other times,
the simplest mode of self-fertilisation, combined with greater
powers of dispersal and a constitution capable of supporting
diverse physical conditions, may have led to a similar resuit.
With some groups the tendency seems to have been almost
continuously to greater and greater specinlisation, while with
others a tendency to simplifieation and degradation has resulted
in such plants as the grasses and sedges,

‘We are now cnabled dimly to perceive how the curious
anomaly of very simple and very complex methods of securing
cross-fertilisation—both  equally eflfective—may have been
brought abhout. 'The simple modes may be the result of a
comparatively divect modification from the more primitive
types of flowers, which were oecasionally, and, as it were,
accidentally visited and fertilised by inscets; while the more
complex modes, existing for the most. part in the highly irregular
flowers, may result from those cases in which adaptation to
insect-fertilisation, and partial or complete degradation to self-
fertilisation or to wind-fertilisation, have again and again
recurred, each time producing some additional complexity,
arising from the working up of old rudiments for new pur-
poses, till there have been reached the marvellous flower
structures of the papilionaceous tribes, of the asclepiads, or of
the orchids.

We thus see that the cxisting diversity of colour and of
structure in flowers is probably the ultimate result of the
ever-recurring struggle for existence, combined with the ever-
changing rolations between the vegetable and animal kingdoms
during countless ages. The constant variability of every part
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and organ, with the enormous powers of increaso possessed by
plants, have enabled them to become again and again readjusted
to each change of condition as it occurred, resulting in that
endless variety, that marvellous complexity, and that ex-
quisite colouring which excite our admiration in the realm of
flowers, and constitute them tho perennial charm and erowning
glory of nature.

Flowers the Product of Insect Agency.

In his Origin of Species, Mr. Darwin first stated that
flowers had been rendered conspienous and beantiful in order
to attract insects, adding: * Hence weo may concludo that, if
insects had not been developed on the carth, our plants would
not have been decked with beautiful flowers, hut would have
produced only such poor flowers as we see on our fir, oak, nut,
and ash trees, on grasses, docks, and nettles, which are all
fertilised through the agency of the wind.” The argument in
favour of this view is now much stronger than when he wrote ;
for not only have we reason to helieve that most of these
wind-fertilised flowers are degraded forms of flowers which
have once been insect fertilised, but we have abundant evidence
that whenever insect agency becomes comparatively ineffective,
the colours of the flowers hecome less bright, their size and
beauty diminish, till they are reduced to such small, greenish,
inconspicuous flowers as those of the rupture-wort (Herniaria
glabra), the knotgrass (Polygonum aviculare), or the cleisto-
gamic flowers of the viclet. There is good reason to believe,
therefore, not only that flowers have been developed in order
to attract insects to aid in their fertilisation, but that, having
been once produced, in however great profusion, if the insect
races were all to become extinct, flowers (in the temperate
zotes at all events) would soon dwindle away, and that
ultimately all floral beauty would vanish from the earth.

We cannot, therefore, deny the vast change which insects
have produced upon the earth’s surface, and which has been
thus foreibly and beautifully delineated by Mr. Grant Allen:
“ While man has only tilled a fow level plains, a few great river
valleys, a few peninsular mountain slopes, leaving the vast mass
of earth untouched by his hand, the ingect has spread himself
over every land in a thousand shapes, and has made the whole
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flowering ereation subservient to his daily wants. Hig butter-
cup, his dandelion, and his meadow-sweet grow thick in every
English field. His thyme clothes the hillside; his heather
purples the bleak gray moorland. High up among the alpine
heights his gentian spreads its lakes of blue ; amid the snows
of the Himalayas his rhododendrons gleam with erimson light.
Even the wayside pond yields him the white crowfoot and the
arrowhead, whilo the broad expanses of Brazilian streams are
beautified by his gorgeous water-lilies. The inseet has thus
turned the whole surface of the earth into » boundless flower-
garden, which supplies him from year to year with pollen ov
honey, and itself in turn gains perpetuation by the baits that
it offers for his allurement.”!

Coneluding Bemarks on Colowr in Nufure,

In the last four chapters I have endeavoured to give a
goneral and systematie, though necessarily condensed view of
the part which is played by colour in the organic world. We
have seen in what infinitely varied ways the need of conceal-
ment has led to the modification of animal colours, whether
among pelar snows or sandy deserts, in tropical forests or in
the abysses of the ocean.  We next find these general adapta-
tions giving way te more specialised types of coloration,
by which each species has become more and more harmonised
with its immediate surroundings, till we reach the most
curiously minute resemblances to natural objects in the leaf
and stick insccts, and those which are so like flowers or moss
or birds’ droppings that they deceive the acutest eye. We
have learnt, further, that these varied forms of protective
colouring are far more numerous than has been usually sus-
peeted, because, what appear to be very conspicuous colours
or markings when the species Is observed in a museum or in
a menagerie, are often highly protective when the creature is
seen under the natural conditions of its existence. From
these varied clusses of facts it seems not improbable that
fully one-half of the specics in the animal kingdom possess
colours which have been more or less adupted to sceure for
them concealment or protection.

Passing onward we find the explanation of a distinet type

Y The Colour Sense, by Grant Allen, p. 85.
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of colour or marking, often superimposed upon protective
tints, in the importance of easy recognition by many animals
of their fellows, their parents, or their mates. By this need
we have been able to acconnt for markings that seem calcu-
lated to make the animal congpicuous, when the general tints
and well-known habits of the whole group demonstrate the
need of concealment. Thus also we are able to explain the
constant symmetry in the markings of wild animals, as well as
the numerous cases in which the conspicuous colours are con-
cealed when at rest and only become visible during rapid motion.

In striking contrast to ordinary protective coloration we
have “warning colours,” usually very conspicuous and often
brilliant or gaudy, which serve to indicate that their possess-
ors are either dangerous or uneatable to the usnal enemies
of their tribe. This kind of coloration is probably more
prevalent than has been hitherto supposed, because in the
case of many tropical animals we are quite unacquainted with
their special and most dangerous enemies, and are also un-
able to determine whether they are or are not distasteful to
those enemies. As a kind of corollury to the *warning
colours,” we find the extraordinary phenomena of “mimicry,”
in which defenceless species obtain protection by being mis-
taken for those which, from any cause, possess immunity from
attack. Although a large numhber of instances of warning
eclour and of mimicry are now recorded, it is probably still
an almost unworked field of research, more especinlly in
tropical regions and among the inhabitants of the ocean.

The phenomena of sexual diversitics of coloration next
engaged our attention, and the reasons why Mr. Durwin’s theory
of “sexual selection,” as regards colour and ornament, could
not be accepted were stated at some length, together with
the theory of animal coloration and ornament we propose
to substitute for it. 'This theory is held to be in harmony
with the gencral facta of animal coloration, while it entirely
dispenses with the very hypothetical and inadequate agency
of female choice in producing the detailed colours, patterns,
and ornaments, which in so many cases distinguish the male
BeX.
If my arguments on this point are sound, they will dispose
also of Mr. Grant Allen’s view of the direct action of the
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colour sense on the animal integuments.! He argues that the
colours of insects and hirds reproduce gencrally the colours of
the flowers they frequent or the fruits they eat, and he
adduces numerous cases in which flower-haunting insccts and
fruit-eating birds are gaily coloured. This he supposes to be
due to the colonr-taste, developed by the constant presence
of bright flowers and fruits, being applied to the selection of
each variation towards brillianey in their mates ; thus in time
producing the gorgeous and varied hues they now possess.
Mr. Allen maintains that *“insects are bright where bright
flowers exist in numbers, and dull where flowers are rare or
inconspicuous ; ” and he urges that “ we can hardly explain this
wide coincidence otherwise than by supposing that o taste
for colonr is produced through the constant search for food
among entomophilons blossoms, and that this taste has reacted
upon its possessors through the action of unconscious sexual
selection.”

The examples Mr. Allen quotes of bright insects being
associated with bright flowers seem very forcible, but are
really deeeptive or erroneous ; and quite as many cases could
be guoted which prove the very opposite. For example, in
the dense equatorial forosts flowers are exceedingly scarcs,
and there is no comparison with the amount of floral colour
to be met with in our temperate meadows, woods, and hill-
sides. 'The forests about PPara in the lower Amazon are
typical in this respect, yet they abound with the most
gorgeously coloured butterflies, almost all of which frequent
the forest depths, keeping near the gronnd, where there is the
greatest deficiency of brilliant flowers.  In contrast with this
let us take the Cape of Good Hope—tho most flowery region
probably that exists upon the globe,~—where the country
is a complete flower-garden of heaths, pelargoninms, mesembry-
anthemus, exquisite iridaceons and other bulbs, and numerous
flowering shrubs and trees; yet the Cape butterflies are hardly
equal, either in number or variety, to those of any country
in South Europe, and are utterly insignificant when compared
with those of the comparatively flowerless forest-depths of
the Amazon or of Now Guinea. Neither is there any relation
between the colours of other insects and their haunts, Few

1 The Colour Sense, chap. ix.
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are more gorgeous than some of the tiger-beetles and the
carabi, yet these are all carnivorons; while many of the most
brilliant metallic buprestidae and longicorns aro always found
on the bark of fallen trees. So with the humming-birds ;
their brilliant metallic tints can only be compared with metals
or gems, and are totally unlike tho delicate pinks and purples,
yellows and reds of the majority of flowers. Again, the
Australian honey-suckers (Meliphagidm) are genuine flower-
haunters, and the Australian flora is more brilliant in colour
display than that of most tropical regions, yet these birds are,
as a rule, of dull colours, not superior on the average to our
grain-cating finches.  Then, again, we have the grand pheasant
family, including the gold and the silver pheasants, the gorgeous
fire-backed and ocellated pheasants, and the resplendent pea-
cock, all feeding on the ground on grain or seeds or insects,
yet adorned with the most gorgeous colours,

There 19, therefore, no adequate basis of facts for this theory
to rest upon, even if there were the slightest reason to believe
that not only birds, but butterflies and beetles, take any
delight in colour for its own sake, apart from the food-supply
of which it indicates the presence. All that has been proved or
that appears to be probable is, that they are able to perceive
differences of colour, and to associate each colour with the
particular flowers or fruits which best satisfy their wanta,
Colour being in its nature diverse, it has been beneficial for
them to be able to distinguish all its chief varietics, as mani-
fested more particularly in the vegetable kingdom, and among
the different species of their own group; and the fact that
certain species of insects show some preference for a particular
colour may be explained by their having found flowers of
that colour to yield them a more abundant supply of nectar
or of pollen. In those cases in which butterflies frequent
flowers of their own colour, the habit may well have been
acquired from the protection it affords them.

It appears to me that, in imputing to insects and birds the
same love of colour for its own sake and the same msthetic
tastes a3 we ourselves possess, we may be as far from the truth
a8 were thoge writers who held that the hee was a good mathe-
matician, and that the honeycomb was constructed throughout
to satisfy its refined mathematical instincts ; whereas it is now



xI THE SPECIAL COLOURS OF PLANTS 337

generally admitted to be the result of the simple principle of
economy of material applied to a primitive eylindrical cell?

In studying the phenomena of colour in the organic world
we have been led to realise the wonderful complexity of the
adaptations which bring each species into harmonious relation
with all those which surround it, and which thus link together
the whole of nature in a network of relations of marvellous
intricacy. Yet all this is hut, as it were, the outward show
and garment of nature, behind which lies the inner structure
—the framework, the vesscls, the cells, the cireulating fiuids,
and the digestive and reproduetive processes,—and hehind
theso again those mysterious chemical, clectrical, and vital
forces which constitute what we term Life. These forees
appear to be fundamentally the same for all organisms, as
is the material of which all are constructed; and we thus
find behind the outer diversities an inner relationship which
binds together the myriad forms of life.

Each species of animal or plant thus forms part of one
harmonious whele, carrying in all the details of its complex
structure the record of the long story of organic development ;
and it was with o truly inspired insight that our great philo-
sophical poet upostrophised the humble weed—

Flower in the erannied wall,

I pluck you out of the crannies,

1 hoid you lere, root and all, in my lund,
Little flower—but i I conid understand
What you are, root and all, and all iu all,
I should know what God and man is.

1 Sea Origin of Species, sixth cdition, p. 220,



CHAPTER XII

THE GEOGRAPHICAL DISTRIBUTION OF ORGANISMS

The facts to be explained—The conditions wlich have determined dis-
tribution—The permanence of oceans—QOceanic and continental areas
~—Madagascar and New Zealand—The teachings of the thouwsand-
fathom line—The distribution of marsupials—The distribution of
tapirs—owers of dispersal as illustrated by insular organisms—Birds
and insects at sea--Insects at great altitudes—The dispersal of plants
—Dispersal of seeds by the wind-—Mineral matter carried by the wind
—Ohbjections to tho theory of wind.dispersal answered—Explanation
of north temperate plants in the southern hemisphere—No proof of
glaciation in the tropics—Lower temperature not needed to explain
the fucts—Concluding remarks.

THE theory which we may now taks as established—that all
the existing forms of life have heen derived from other forms
by a natural process of descent with modification, and that
this same process has been in action during past geological
time—should enable us to give a rational account not only of
the peculiarities of form and structure presented by animals
and plants, but also of their grouping together in certain
areas, and their general distribution over the earth’s surface.
In the absence of any exuct knowledge 'of the facts of
distribution, a student of the theory of evolution might
naturally anticipate that all groups of allied organisms would
he found in the same region, and that, as he travelled farther
and farther from any given centre, the forms of life would
differ more and more from those which prevailed at the
starting-point, till, in the remotest regions to which he could
penetrate, he would find an entirely new assemblage of
animals and plants, altogether unlike those with which he was



ci. xit GEOGRAPHICAL DISTRIBUTION OF ORGANISMS 339

familiar. He would also anticipate that diversities of climate
would always bo assoctated with a corresponding diversity in
the forma of life.

Now these anticipations are to a considerable extent justi-
fied. Remoteness on the earth’s surface is usually an indi-
cation of diversity in the fauna and flora, while strongly
contrasted climates are always accompanied by a considerable
contrast in the forms of life. But this correspondence is by
no meansg exact or proportionate, and the converse propositions
are often quite untrue. Countries which are near to each
other often differ radically in their animal and vegetable pro-
ductions ; while similarity of climate, together with moderate
geographical proximity, are often accompanied by marked
diversities in the prevailing forms of life. Again, while many
groups of animals—gencra, families, and sometimes even
orders—are confined to limited regions, most of the families,
many genera, and even some species are found in every part
of tho earth. An enumeration of a few of these anomalies will
better iliustrate the nature of the problem we have to solve.

As examples of extreme diversity, notwithstanding geo-
graphical proximity, we may adduce Madagasear and Africa,
whose animal and vegetable productions are far less alike than
are those of Great Britain and Japan at the remotest ex-
tremities of the great northern continent ; while an equal, or
perhaps cven a still greater, diversity exists between Australia
and New Zealund. On the other hand, Northern Africa and
South Furope, though separated by the Mediterranean Sea,
have faunas and florag which do not differ from each other
more than do the various countries of Kurope. As a proof
that similarity of climate and general adaptability have had
but a small part in determining the forms of life in each
country, we have the fact of the enormous increase of rabbits
and pigs in Australis and New Zealand, of horses and cattle
in South America, and of the common sparrow in North
America, though in none of these cases are the animals
natives of the countries in which they thrive so well
And lastly, in illustration of the fact that allied forms are
not always found in adjacent regions, we have the tapirs,
which are found only on opposite sides of the globe, in
tropical America and the Malayan Islands; the camels of
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the Asiatic deserts, whose nearest allics are the llamas
and alpacas of the Andes; and the marsupials, only found
in Australin and on the opposite side of the globe, in
America.  Yet, again, although mammalia may be said to
be universally distributed over tho globe, heing found abund-
antly on all the continents and on a great many of the larger
islands, yet they are entirely wanting in New Zealand, and in
a considerable number of other islands which are, nevertheless,
perfectly able to support them when introduced.

Now most of these difficulties can be solved hy means of
well-known geographical and geological facts.  When the pro-
ductions of remote countries resemble cach other, there is
almost always continuity of land with similarity of climate
between them. When adjacent countries differ greatly in
their productions, we find them geparated by a sea or strait
whose great depth Is an indication of its antiquity or per-
manence. When a group of animals inhabits two coun-
tries or regions separated by wide oceans, it is found that
in past geological times the same group was much more
widely distributed, and may have reached the countries it
inhabits from an intermediate region in which it is now extinet.
We know, also, that countries now united by land were
divided by arms of the sea at a not very remote cpoch; while
there is good reason to helieve that others now entirely
isolated by a broad expanso of sea were formerly united and
formed a single Jand arca. There i3 also another important
factor to be taken account of in considering how animals and
plants have acquired their present peculiarities of distribution,
—changes of climate. We know that quite recently a glacial
epoch extended over much of what are now tho temperate
regions of the northern hemisphere, and that consequently
the organisms which inhabit those parts must be, com-
paratively speaking, recent immigrants from more southern
lands. But it is a yet more important fact that, down to
middle Tertiary times at all events, an equable temperate
climate, with a luxuriant vegetation, extended to far within
the arctic circle, over what are now burren wastes, covered
for ten months of the year with enow and ice. The arctic
zone has, therefore, been in past times capable of supporting
almost all the forms of life of our temperate regions; and we
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must take account of this condition of things whenever we
have to speculate on the possible migrations of organisms
between the old and new continents.

The Conditions which have defermined Distribution.

When we endeavour to explain in detail the facts of the
existing distribution of organic beings, we ure confronted by
several preliminary questions, upon the solution of which will
depend our treatment of the phenomena presented to us.
Upon the theory of descent which we have adopted, all the
different species of a genus, as well as all the genera which
compose a family or higher group, have descended from some
common ancestor, and must therefore, at some remote epoch,
have occupied the same area, from which their descendants
have spread to the regions they now inhabit. In the numerons
cages in which the same group now oceupies countries separated
by oceuns or seas, by lofty mountain-chains, by wide deserts,
or by inhospitable climates, we have to consider how the
migration which must certainly have taken place has been
effected. It is possible that during some portion of the time
which has elapsed since the origin of the group the inter-
posing barriers have not been in existence ; or, on the other
hand, the particular organisms we are dealing with may have
the power of overpassing the barriers, and thus reaching their
present remote dwelling-places.  As this is really the funda-
mental question of distribution on which the solution of all
its more difficult problems depends, we have to inquire, in the
first place, what is the nature of, and what are the limits to, the
changes of the earth's surface, especially during the Tertiary
and latter part of the Secondary periods, as it was during those
periods that most of the existing types of the higher animals
and plants came into existence ; and, in the next place, what
arg the extreme limits of the powers of dispersal possessed by
the chief groups of animals and plants. We will first consider
the question of barriers, more cspecially those formed by sens
and oceaus.

The Fermanence of Oceans.

It was formerly a very general belief, even amongst
geologists, that the great features of the earth’s surface, no less
than the smaller ones, were subject to continual mutations,
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and that during the course of known geological time the
continents and great oceans hud again and again changed
places with each other. Sir Charles Lyell, in the last edition
of his Principles of Geology (1872), said: “Continents, there
fore, although permanent for whole geological epochs, shift
their positions entirely in the course of ages;” and this may
he said to have been the orthodox opinion dewn to the very
recent period when, by means of deep-sea soundings, the nature
of the ocean bottom was made known, The first person to
throw doubt on this view appears to have been the veteran
American geologist, Professor Dana.  In 1849, in the Report
of Wilke’s Exploring Expedition, he adduced the argument
against a former continent in the Pacific during the Tertiary
period, from the absence of all native quadrupeds, In 1858,
in articles in the American Journal, he discussed the develop-
ment of the American continent, and argued for its general
permanence ; and in his Manual of Geology in 1863 and later
editions, the same views were more fully enforced and were
latterly applied to all continents. Darwin, in his Journal of
Researches, published in 1845, called attention to the fact that
all the small islands far from land in the Pacific, Indian, and
Atlantic Oceans are either of coralline or voleanic formation.
He excepted, however, the Seychelles and St. Paul’s rocks;
but the former have since been shown to be no exception, as
they consist entirely of coral rock; and although Darwin
himself spent a few hours on St. Paul's rocks on his ontward
voyage in the Bewgle, and bolieved he had found some
portions of them to be of a “cherty,” and others of a
“{felspathic ¥ nature, this also has been shown to be erroneous,
and the careful examination of the rocks by the Abbé Renard
clearly proves them to be wholly of voleznic origin! We
have, therefore, at the present timo, absolutely no exception
whatever to the remarkable fact that all the oceanic islands of
the globe are either of voleanic or coral formation ; and there
i, further, good reason to believe that those of the latter class
in every case rest upon a volcanie foundation.

In his Origin of Species, Darwin further showed that no
true oceanic island had any native mammals or batrachia

1 See A. Agassiz, Three Cruises of the Blake (Cumbridge, Mass., 1888),
vol. i. p. 127, footuote,
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when first discovered, this fact constituting the test of the
class to which an island belongs ; whence he argned that none
of them had ever been connected with continents, but all had
originated in mid-occan.  These considerations alone render
it almost certain thut the areas now occupied by the great
oceans have mnever, during known geological time, been
oceupied by continents, since it is in the highest degree im-
probable that every fragment of those continents should have
completely disappeared, and have Luoen repliced by voleanic
islands rising out of profound oceunic abysses; but recent
research into the depth of the occans and the nature of the
deposits now forming on their floors, adds greatly to the
evidenco in this direction, and renders it almost a certainty
that they represent very ancient if not primmval features of
the earth’s surface. A very brief outline of the nature of this
evidence will be now given.

The researches of the Chalienger expedition into the
nature of the sea-bottom show, that the whole of the land
debris brought down by rivers to the ocean (with the ex
ception of pumice and other floating matter), is deposited
comparatively near to the shores, and that the fineness of the
material is an indication of the distance to which it has been
carried, Everything in the natnre of gravel and sand is laid
down within a very few miles of land, only the finer muddy
sediments Deing carried ont for 20 or 50O miles, and
the very finest of all, under the most favourable conditions,
rarcly extending beyond 150, or at the ntmost, 300 miles
from Iand into the deep ocean.!  Beyond these distances, and
covering the entire ocoan fioor, are varions oozes formed wholly
from the debris of marine organisms ; while intermingled with
these are found various voleanic products which have been
either carried through the air or floated on the surface, and a
small but perfectly recognisable quantity of moteoric matter.
Ice-borne rocks are also found abundantly scattered over the
ocean bottom within a definite distanco of the arctic and
antarctic civcles, clearly marking out the lmit of floating ice-
bergs in recent geological times.

! Even the extremoly fine Mississippi mud is nowhere found beyond a

hundred miles from the mouths of the river in the Gulf of Mexico (A, Agassiz,
Three Cruises of the Blake, vol. 1, p, 128),
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Now the whole series of marine stratified rocks, from the
earliest Palmozoic to the most recent Tertiary heds, consist of
materials closely corresponding to the land debris now being
deposited within o narrow belt round the shores of all con-
tinents; while no rocks have been found which can be identified
with the various cozes now forming in the deep abysses of the
ocean. It follows, therefore, that all the geological formations
have been formed in comparatively shallow water, and always
adjacent to the continental land of the period. The great
thickness of some of the formations is no indication of a deep
sca, but only of slow subsidence during the time that the
deposition was in progress. This view is now adopted by
many of the most experienced geologists, especially by Dr.
Archibald Geikie, Director of the Geological Survey of Great
Britain, who, in hig lecture on ““ Geographical Evolution,” says
“From all thiz evidence we may legitimately conclude that
the present land of the globe, though consisting in great
measure of marine formations, has never luin under the deep
sea; but that its site must always have been near land,  Kwven
its thick marine Hmestones are the deposits of comparatively
shallow water.” !

But besides these geological and physical considerations,
there iz a mechanical difficulty in the way of repeated
change of position of oceans and continents which hus not
vet received the attention it deserves. According to the
recent careful estimate by Mr. John Murray, the land area
of the globe i3 to the water area as *28 to *72. The mean
height of the land above sea-level is 2250 feet, while the
mean depth of the ocean is 14,640 feet. Hence the bulk
of dry land is 23,450,000 cubic miles, and that of the waters
of the ocean 323,800,000 cubic miles; and it follows that if
the whole of the solid matter of the earth’s surface were
reduced to one level, it would be everywhere covered by an
ocean about two miles deep. The accompanying diagram will
serve to render these figures more intelligible, The length of
the sections of land and ocean are in the proportion of their
respective arcas, while the mean height of the land and the
mean depth of the ocean are exhibited on a greatly increased

1 T have given a full summary of the evidence for the permanence of
oceanic and continental areas in my Zsland Life, chap, vi,
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vertical scale. If we considered the continents and their
adjancent occans separately they would differ a little, but not
very materially, from this diagram ; in some cases the propor-
tion of land to ocean would be u littla greater, in others a little
less,

Now, if we try to imagine a process of elevation and
depression by which the sea and land shall corpletely change
places, we shall be met hy insuperable difficultics.  We must,
in the first place, assume a general equality between ele-
vation and subsidence during any given period, becanse if
the clevation over any extensive continental ares were not
balaneed by some subsidence of approximutely equal amount,

Diggram of proportionate mean height of Land and depthof Qceans.

T

Area. -28 of area
of Globe.

Ocean
Area. ‘72 of area of Globe.

Fia, 32,

an unsupported hollow would be left under the earth’s crust.
Let us now suppose a continental area to sink, and an adjacent
occanic area to rise, it will be seen that the greater part of
the land will disappeur long before the new land has approached
the surface of the ocean. This difficuity will not be removed
by supposing a portion of a continent to subside, and the
immediately adjacent portion of the ocean on the other side
of the continent to rise, hecause in almost every case we find
that within a comparatively short distance from the shores of
all existing continents, the ocean floor sinks rapidly to a depth
of from 2000 to 3000 fathoms, and maintains a similar depth,
generally speaking, over a large portion of the oceanic areas.
In order, therefore, that any area of continental extent be
upraised from the great oceans, there must be a subsidence of
a land area five or six times as great, unless it can be shown
that an oextensive elevation of the ocean floor up to and far
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above the surface could occur without an equivalent depression
elsewhere. The fact that the waters of the ccean are sufficient
to cover the whole globe to a depth of two miles, is alone
sufficient to indicate that the great ocean basins are permanent
features of the earth’s surface, since any process of alterna-
tion of these with the land areas would have been almost
certain to result again and again in the total disappearance of
large portions, if not of all, of the dry land of the globe. But
the continuity of terrestrial life since the Devonian and Car-
honiferous periods, and the existence of very similar forms in
the corresponding deposits of every continent—as well as the
oceurrence of sedimentary rocks, indicating the proximity of
land at the time of their deposit, over a large portion of the
surface of all the continents, and in every geclogical period—
assure us that no such disappearanece has cver oceurred.

Oceanic and Continental Areas.

When we speak of the permanence of oceanic and conti-
nental areas as one of the established facts of modern research,
we do not mean that existing continents and oceans have
always maintained the exact arcas and outlines that they now
present, but merely, that while all of them have been under-
going changes in outline and extent from age to age, they
have yet maintained substantially the same positions, and
have never actually chunged places with each other. There
are, moreover, certain physical and biological facts which
enable us to mark out these areas with some confidence.

We have seen that there are a large number of islands
which may be classed as oceanic, because they have never
formed parts of continents, but have originated in mid-ocean,
and have derived their forms of life by migration across the
gea. Their peculiarities are seen to be very marked in com-
parison with those islands which there is good reason to
believe are really fragments of more extensive land areas, and
are hence termed “continental.” These continental islands
consist in every caso of a variety of stratified rocks of various
ages, thus corresponding closely with the usual structure of
continents ; although many of the islands are small like
Jersoy or the Shetland Islands, or far from continental
land like the Falkland Islands or New Zealand. They all
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contain indigenous mammalia or batrachia, and generally a
much greater variety of birds, reptiles, insects, and plants,
than do the oceanic islands. From these various character-
istics we conclude that they have all once formed parts of
continents, or at all events of much lurger land areas, and have
hecome isolated, either by subsidence of the intervening land
or by the effects of long-continued marine denudation.

Now, if we trace the thousand-fathom line around all our
existing continents we find that, with only two exceptions,
every island which can be classed as “continental” falls
within this line, while all that lie beyond it have the un-
doubted characteristics of “oceanic” islands. We, therefore,
conclude that the thousand-fathom line marks out, approxi-
mately, the “continental area,”—that is, the limits within
which eontinental development and change throughout known
geological time have gone on.  There may, of course, have
been some extensions of land beyond this limit, while some
areas within it may always have been ocean; but so far as
we have any direct evidence, this line may be taken to mark
out, approximately, the most probhable boundary between the
“continental area,” which has always consisted of land and
shallow sea in varying proportions, and the great oceanic
basins, within the limits of which voleanic activity has been
building up numerous islands, but whose profound depths
have apparently undergone little change.

Medagascar and New Zealand,

The two execeptions just referred to are Madagascar and
New Zealand, and all the evidence goes to show that in these
cases the land connection with the nearest continental area
was very remote in time. The extraordinary isolation of the
productions of Madagascar—almost all the most characteristic
forms of mammalia, birds, and reptiles of Africa being
absent from jt—rendors it certain that it must have been
separated from that continent very early in the Tertiary, if
not as far back as the latter part of the Secondary period ;
and this extreme antiquity is indieated by a depth of
considerably more than a thousand fathoms in the Mozam-
bigue Channel, though this deep portion is less than a
hundred miles wide between the Comoro Islands and the main.
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land.} Madagascar is the only island on the globe with a fairly
rich mammalian fauna which is separated from a continent by
a depth greater than a thousand fathoms ; and no other island
presents so many peculiaritics in these amimals, or has pre-
served so many lowly organised and archaic forms. The
exceptional character of its productions agrees exactly with its
exceptional isolation by means of a very deep arm of the sea,

New Zealand possesses no known mammals and only a
single species of batrachian; but its geological structure is
perfectly continental. There is also much evidence that it
does possess one mammal, although no specimens have been
yet obtained.? Its reptiles and birds are highly peculiar and
more numercus than in any truly oceanic island. Now the
sea which directly separates New Zealand from Australia is
more than 2000 fathoms deep, but in & north-west direction
there is an extensive bank under 1000 fathoms, cxtending to
and including Lord Howe's Island, while north of this are
other banks of the same depth, approaching towards a sub-
marine extension of Queensland on the one hand, and New
Caledonia on the other, and altogether suggestive of a land
union with Australia at some very remote period. Now the
peculiar relations of the New Zealand fauna and florn with
those of Australia and of the tropical Pacific Islands to the
northward indicate such a eonnection, probably during the
Cretaceous period; and here, again, we have the exceptional
depth of the dividing sea and the form of the ocean bottom
according well with the altogether exceptional isclation of
New Zealand, an isolation which has been held by some
naturalists to be great enough to justify its claim to be one
of the primary Zoological Regions.

The Teachings of the Thousand-Fathom Line.

If now we accept the annexed map as showing ns approxi-
mately how far beyond their present limits our continents may

1 For a full account of the peculiarities of the Madagascar fauna, see my
Island Life, chap. zix.

? Bee Jsland Life, p. 448, and the whole of chaps. xxi. xxif. More
recent soundings have shown that ithe Map at p. 443, as well as that of the
Madagasear group at p, 887, are erroneous, the ocean around Nerfolk Island
and in the Straits of Mozambique heing more than 1000 fathoms deep.
The general argument is, however, unaffected.
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have extended during any portion of the Tertiary and Secondary
periods, we shall obtain a foundation of inestimable valus for
our inquiries into those migrations of animals and plants
during past ages which have resulted in their present peculi-
arities of distribution. 'We see, for instance, that the South
American and African continents have always been separated
by nearly as wide an occan as at present, and that whatever
similarities there may be in their productions must be due to
the similar forms having been derived from a common origin
in one of the great northern continents. The radical difference
between the higher forms of life of the two continents accords
perfectly with their permanent separation. If there had been
any direct connection between them during Tertiary times, we
should hardly have found the deep-scated differences between
the Quadrumana of the two regions—no family even being
common to both; nor the peculiar Insectivora of the one
continent, and the cqually peculiar Ldentata of the other.
The very numerous families of birds quite peculiar to one or
other of these continents, many of which, by their structural
isolation and varied development of generic and specific forms,
indicate a high antiguity, equally suggest that there has been
no near approach to a land connection during the same epoch.

Looking to the two great northern continents, we see indica-
tions of a possible conneetion between them both in the North
Atlantic and the North Pacific cceans ; and when we remember
that from middle Tertiary times backward—so far as we know
continuounsly to the carliest Palmozoic epoch—a temperate and
equable climate, with abundant woody vegetation, prevailed
up to and within the arctic circle, we sec what facilities
may have been afforded for migration from one continent
to the other, sometimes hetwcen America and Europe, some-
times between America and Asia. Admitting these highiy
probable connections, no bridging of the Atlantic in more
southern latitudes (of which there 1s not a particle of evidence)
will have been necessary to account for all the intermigration
that has occurred between the two continents. If, on the
other hand, we remember how long must have been the route,
and how diverse must always have been the conditions be-
tween the more northern and the more southern portions of
the American and Euro-Asiatic continents, we shall not be
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surprised that many widespread forms in either continent
have not crossed into the other; and that while the skunks
{Mephitis), the pouched rats (Saccomyidw), and the turkeys
{Meleagris) are confined to America, the pigs and the hedge-
hogs, the true flycatchers and the pheasants are found only
in the Euro-Asiatic continent. But, just as there have been
periods which facilitated intermigration between America and
the Old World, there have almost certainly been periods,
perhaps of long duration even geclogically, when these con-
tinents have been separated by seas as wide as, or even wider
than, those of the present day; and thus may be explained
such eurious anomalies as the origination of the camel-tribe in
America, and its entrance into Asia in comparatively recent
Tertiary times, while the introduction of oxen and bears into
America from the Euro-Asiatic continent appears to have been
equally recent.}

‘We shull find on examination that this view of the general
permanence of the oceanic and continental areas, with constant
minor fluctuations of land and sea over the whole extent of
the latter, enables us to understand, and offer a rational
cxplanation of, most of the difficult problems of geographical
distribution ; and further, that our power of doing this is in
direct proportion to our acquaintance with the distribution of
fossil forms of life during the Tertiary period. We must, also,
take due note of many other facts of almost equal Importance
for a due appreciation of the problems presented for sclution,
the most essential being, the various powers of dispersal
possessed by the different groups of animals and plants, the
geological antiquity of the species and genera, and the width
and depth of the seas which separate the countries they
inhabit. A few illustrations will now he given of the way in
which these branches of knowledge enable us to deal with the
difficulties and anomalies that present themselves,

The Distribution of Marsupials.

This singular and lowly organised type of mammals con-
stitutes almost the sole representative of the class in Australia

! For some details of these migrations, see the author's Geographicul
Distribution of Animals, vol. i. p. 140 ; also Heilprin's Geographical and
Geolegicel Distribution of Animals.
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and New Guinea, while it is entirely unknown in Asia, Africa,
or Europe. It reappears in America, where several species of
opossums arc found; and it was long thought necessary to postu-
late a direct southern connection of these distant countries,
in order to account for this curions fact of distribution. When,
however, we look to what is known of the geological history
of the marsupials the diffienlty vanishes. In the Upper Eocene
deposits of Western Europe the vemains of several animals
closely allied to the American opossums have been found;
and as, at this period, a very mild climate prevailed far up
into the aretic regions, there is no difficulty in supposing that
the ancestors of the group entered America from Europe or
Northern Asia during carly Tertiary times.

But we must go much further back for the origin of the
Australian marsupials. All the chief types of the higher
mammalia were inexistence in the Foeene, if not in the preceding
Cretaceous period, and as we find none of these in Australia,
thab country must have been finally separated from the Asiatic
continent during the Seceondary or Mesozoic perind. Now
during that period, in the Upper and the Lower Oolite and
in the still older Trias, the jnw-bones of numerous small
mammalia have been found, forming eight distinet genera,
which are believed to have been cither marsupials or some
allied lowly forms. In North America also, in beds of the
Jurassic and Triassic formations, the remains of an equally great
varioty of these small mammalia have been discovered ; and
from the examination of more than sixty speeimens, belonging
to at least six distinet geners, Professor Marsh is of opinion
that they represent a generalised type, from which the more
specialised marsupials and inseetivora were developed.

From the fact that very similar mammals occur both in
Lurope and America at corresponding periods, and in beds
which represent a long succession of geological time, and that
during the whole of this time no fragments of any higher
forms have been discovered, it seems probable that both the
northern continents {or the larger portion of their area) were
then inhabited by no other mammalia than these, with
perhaps other equally low types. It was, probably, not Jater
than the Jurassic age when some of these primitive marsu-
pials were sble to cnter Australia, where they have since
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remained almost completely isolated ; and, being free from the
competition of higher forms, they have developed into the
great variety of types we now behold there. These occupy the
place, and have to some extent acquired the form and structure
of distinct orders of the higher mammals—the rodents, the
insectivora, and the earnivora,—while still preserving the
essential characteristics and lowly organisation of the mur-
supials. At a much later period—probably in late Tertiary
times—the ancestors of the various specics of rats and mice
which now abound in Australia, and which, with the aerial bats,
constitute its only forms of placental mammals, entered the
country from some of the adjacent islands. For this purpose
a land conneetion was not necessary, as these small creatures
might easily be conveyed among the branches or in the crevices
of trees uprooted by floods and carried down to the sea, and
then floated to a shore many miles distant, That no actual land
connection with, or very close approximation to, an Asiatic
island has occurred in recent times, is sufficiently proved by
the fact that no squirrel, pig, civet, or other widespread
mammal of the Eastern hemisphere has heen able to reach the
Australian continent.

The Distribution of Tapirs.

These curious animals form one of the puzzles of geographi-
eal distribution, heing now confined to two very remote regions
of the globe—-the Malay Peninsula and adjacent islunds of
Sumatra and Borneo, inhabited by one species, and tropieal
America, where there are three or four speclies, ranging from
Brazil to Ecuador and Guatemala. If we considered theso
living forms only, we should be obliged to speculate on
enormous changes of land and sea in order that these tropical
animals might have passed from one country to the other. But
geological discoveries have rendercd all such hypothetical
changes unnecessary. During Miocene and Pliocene times
tapirs abounded over the whole of Europe and Asia, their
remaing having heen found in the tertiary deposits of France,
India, Burmah, and China. In both North and South
America fossil remains of tapirs oeccur only in caves and de.
posits of Post-Pliocene age, showing that they are compara-
tively recent immigrants into that continent. They perhaps
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entered by the route of Kamchatka and Alaska, where the
¢limate, even now so much milder and more equable than on
the north-east of America, might have been warm enough in
late Pliocene times to have allowed the migration of these
animals, In Asia they were driven southwards by the
competition of numerous higher and more powerful forms,
but have found a last resting-place in the swampy forests of
the Malay region.

IWhat these Fucts Prove.

Now these two cases, of the marsupials and the tapirs,
are in the highest degree instructive, beewnse they show
us that, without any hypothetical bridging of decp oceans,
and with only such changes of sea and land as are indi-
cated by the extent of the comparatively shallow seas
gurrounding and connecting the existing continents, we are
able to account for the anomaly of allied forms occurring
ouly in remote and widely separated arens. These examples
really constitute crucial tests, becuuse, of all classes of animals,
mammalia aro least able to surmount physical barriers. They
are obviously unable to pass over wide arms of the sea,
while the nccessity for constant supplies of food and water
renders sandy deserts or snow-clad plaing equally impass-
able. Then, again, the peeuliar kinds of food on which
alone many of them can subsist, and their liability to the
attacks of other animals, put a further check upon their
migrations. In these vespects almost all other organisms
have great advantages over mammals. DBirds can often fly
long distances, and can thus cross arms of the sea, deserts, or
mountain ranges; insects not only fly, but are frequently
carried great distances by gales of wind, as shown by the
numerous cases of their visits to ships hundreds of miles from
land. Reptiles, though slow of movement, have advantages in
their greater capacity for enduring hunger or thirst, their power
of resisting cold or drought in a state of torpidity, and they
kavo also some facilities for migration across the sea by means
of their eggs, which may be conveyed in crevices of timber or
among masses of floating vegetable matter. And when we
come to the vegetable kingdom, the means of transport are
at their maximum, numbers of secds having special adaptations

2 A
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for being carried by mammalia or birds, and for floating in the
water, or through the air, while many are so small and so
light that there is practically no limit to the distances they
may be carried by gales and hurricanes.

‘We may, therefore, feel quite certain that the means of dis-
tribution that have enabled the larger mammalia to reach the
most remote regions from a common starting-point, will be at
least as efficacious, and nsually far more efticacious, with all other
land animals and plants; and if in every caso the cxisting
distribution of this class can be explained on the theory of
oceanic and continental permancnce, with tho limited changes
of sea and land already referred te, no valid ohjections can he
taken against this theory founded on anomalies of distribution
in other orders. Yet nothing is more common than for
students of this or that group to assert that the theory of
oceanic permanence is quite ipconsistent with the distribution
of ite various species and genera. Because a few Indian
genera and closely allied species of birds are found in Mada-
gascar, a land termed  Lemuria” has been supposed to have
united the two countries during a comparatively recent
geological epoch; while the similarity of fossil plants and
reptiles, from the Permian and Miocene formations of India
and South Africa, has been adduced as further evidence of this
connection. But there are also genera of snakes, of insects,
and of plants, common to Madagascar and South Amcrica
only, which have been held to necessitate a direct lang
connection between these countries. These views evidently
refute themselves, because any such land connections must
have led to a far greater similarity in the productions of
the several countries than actually exists, and would besides
render altogether inexplicable the absence of all the chief
types of African and Indian mammalia from Madagascar, and
its marvellous individuality in every department of the organic
world.!

Powers of Dispersal as illustrated by Insular Organisms,
Having arrived at the conclusion that our existing oceans
have remained practically unaltered throughout the Tertiary and
Secondary periods of geology, and that the distribution of the
1 For a full discussion of this question, see Jsland Life, pp. 390-420.
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mammalia is such as might have been brought about by their
known powers of dispersal, and by such changes of land and
sea ns have probably or certainly occurred, we are, of course,
restricted to similar causos to explain the much wider and
somotimes more eccentric distribution of other classes of
animals and of plants. In doing g0, we have to rely partly on
direct ovidence of dispersal, afforded by the land organisms
that have been obscrved far out at sea, or which have taken
refuge on ships, as well as by the periodical visitants to remote
istands; but very largely on indirect cvidence, afforded by
the frequent presence of certain gronps on remote oceanie
islands, which some ancestral forms must, therefore, have
reached by transmission across the ocean from distant lands.

Birds.

These vary much in their powers of flight, and their
capability of traversing wide seas and oceans. Many
swimming and wading birds can continue long on the wing,
fly awiftly, and have, besides, the power of resting safely
on the surface of the water. These would hardly be limited
by any width of ocean, except for the need of food ; and many
of them, as the pulls, petrels, and divers, find abundance of
food on the surface of tho sen itself. These groups have a
wide distribution «cross the oceans; while waders—cspecindly
plovers, sandpipers, snipes, and herons—are cqually cos-
mopolitan, travelling alony the coasts of all the continents,
and across the narrow seas which separate them. Many of
these birds seem unaffected by climate, and as the organisms
on which they fced are equally abundant on arctic, temperate,
and tropical shores, there is hardly any limit to the range
oven of some of the species,

Land-birds are much more restricted in their range, owing
to their usually limited powers of flight, their inability to rest
on the surface of the sea or to obtain food from it, and their
greator specialisation, which renders them less able to main-
tain themselves in the new countries they may occasionally
reach. Many of them are adapted to live only in woods, or
in marshes, or in deserts ; they need particular kinds of food
or a limited range of temperature ; and they are adapted to
cope only with the spocial enemies or the particular group of
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competitors ameng which they have been developed. Such
birds as these may pass again and again to a new country, but
are never able to establish themselves in it; and it is this
organic barrier, as it is termed, rather than any physical
barrier, which, in many cases, determines the presence of a
species in one arca and its absence from another, Wa must
always remember, therefore, that, although the presence of a
gpecies in a remote oceanic island clearly proves that its
ancestors must at one time have found their way there, the
absence of a species does not prove the contrary, since it also
may have reached the island, but have been unable to main-
tain itself, owing to the inorganic or organic conditions not
being suitable to it. This general principle applies to all
classes of organisms, and there are many striking illustrations
of it. In the Azores there are cighteen species of land-birds
which are permanent residents, but there are also several
others which reach the islands almost every year after great
storms, but have never been able to establish themselves. In
Bermuda the facts aro still more striking, since there are only
ten species of resident birds, while no less than twenty other
species of Jand-birds and more than a hundred species of
waders and aquatics are frequent visitors, often in great
numbers, but are never able to establish themsclves. On
the same principle we account for the fact that, of the many
continental insects and birds that have been let loose, or
have escaped from confinement, in this country, hardly
one has been able to maintain itself, and the same pheno-
menon i still more striking in the case of plants. Of the
thousands of hardy plants which grow easily in our gardens,
very few have ever run wikl, and when the oxperiment
is purposely tried it invariably fails. Thus A. de Candolle
informs us that several botunists of Paris, Geneva, and
especially of Montpellier, have sown the seceds of many
hundreds of species of exotic hardy plants, in what appeared
to be the most favourable situations, but that in hardly a
single case has any one of them becomo naturalised.* Still
mote, then, in plants than in animals the absence of a species
does not prove that it has never reached the locality, but
merely that it has not been able to maintain itself in com-
1 @éographie Botunique, p. 708,
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petition with the native productions, In other cases, as we
have seen, facts of an exactly opposite nature oceur.  The rat,
the pig, and the rabbit, the water-cress, the clover, and many
other plants, when introduced into New Zealand, flourish
exceedingly, and even exterminate their native competitors;
so that in these cases we may feel sure that the species in
question did not exist in New Zealand simply beeause
they had been unable to reach that country by their natural
means of dispersul. 1 will now give a few cases, in addition
to those recorded in my previous works, of birds and insccts
which have heen ohserved far from any lund.

Birds and Insects al Sea.

Captain 1. Fulluton of the ship Fimeru recorded in his
log the occurrence of a great number of small land-hirds about
the ship on 15th March 1886, when in Lat. 48° 31’ N., Long.
8°16"° W. Hesays: '“A great many small land-birds about us ;
put about sixty into a coop, evidently tired out.” And two
days later, 17th March, * Over fifty of the birds cooped on
15th died, though fed. Sparrows, finches, water-wagtails, two
small birds, name unknown, one kind like a linnet, and a large
bird like a starling, In all there have been on board over
seventy birds, besides some that hovered about us for some
time and then fell into the sea exhausted.” TKasterly winds
and severe weather were experienced at the time! The spot
where this remarkable flight of birds was met with is about
160 miles due west of Brest, and this is the least distance the
birds must have been carried. It is interesting to note that
the position of the ship is nearly in the line from the English
and French coasts to the Azores, where, after great storms, so
many bird stragglers arrive annually. These birds were prob-
ably blown out to sea during their spring migration along the
south coast of England to Wales and Ireland. During the
antumnal migration, however, great flocks of birds—especially
starlings, thrushes, and fieldfares-~have been observed overy
year flying out to sea from the west coast of Ireland, almost
the whole of which must porish. At the Nash Lighthouse, in
the Bristol Channel on the coast of Glamorganshire, an enormous
number of small birds were observed on 3d September, includ-

Y Nature, 1st April 1886,



358 DARWINISM CHAPT.

ing nightjars, buntings, white-throats, willow-wrens, euckoos,
house-sparrows, robins, wheatears, and blackbirds. These
had probably crossed from Somersetshire, and had they been
caught by a storm the larger portion of them must have been
blown out to sea.!

Thess facts enable us to account sufficiently well for the
birds of oceanic islands, the number and variety of which are
seen to be proportionate to their facilities for reaching the
island and maintaining themselves in it. Thus, though more
birds yearly reach Bermuda than the Azores, tho number of
residents in tho latter islands is much lurger, due to the
greater extent of the islands, their number, and their more
varied surface. In the Galapagos the land-birds are still more
numerous, due in part to their larger area and greater proxi-
mity to the continent, but chiefly to the absence of storms,
go that the birds which originally reached the islands have
remained long isolated and have developed into many closely
allied species adapted to the special conditions. All the
species of the Galapagos but one are peeuliar to the islands,
while the Azores possess only one peculiar species, and
Bermuda none—a fact which is clearly due to the continual
immigration of fresh individuals kecping up the purity of
the breed by intercrossing. In the Sandwich Islands, which
are extremely isolated, heing more than 2000 miles from
any continent or large island, we have a condition of things
similar to what prevails in the Galapagoes, the land-birds,
eighteen in number, being all peculiar, and belonging, except
one, to peculiar genera. These birds have probably all
descended from three or four original types which reached
the islands at some remote period, probably by means of
intervening islets that have since disappeared. In St. Helena
we have a degres of permanent isolation which has pro-
vented any land-birds from reaching the island ; for although
its distance from the continent, 1100 miles, is not so great
ag in the cage of the Sandwich Islands, it is situated in an
ocean almost entirely destitute of small islands, while its
position within the tropies renders it free from violent storms.
Neither is thers, on the nearest part of the coast of Africa,
a perpetusl stream of migrating birds like that which

! Report of the Brit. Assoc. Committee on Migration of Birds during 1886,



xr1 GEOGRAPHICAL DISTRIBUTION OF ORGANISMS 358

supplies the innumerable stragglers which every year reach
Bermuda and the Azores.

Insects.

Winged insects have been mainly dispersed in the same
way as birds, by their power of flight, aided by violent or long-
continued winds, Being so small, and of snch low specific
gravity, they are occasionally carried to still greater distunces ;
and thus no islands, however remote, are altogether without
them. The eggs of insects, heing often deposited in horings
or in crevices of timber, may have been conveyed long
distances by floating trecs, as may the larvee of those species
which feed on wood. Several cases have been published of
insects coming on board ships at great distances from land ;
and Darwin records having caught a large grasshopper when
the ship was 370 miles from the coast of Africa, whence the
insect had probably come.

In the Enfomologists Monthly Magazine for June 18835, Mr.
MacLachlan has recorded the occurrence of a swarm of moths
in the Atlantic occan, from the log of the ship Pleione
The vessel was homoward bound from New Zealand, and in
Lat. 6° 47’ N, Long. 32° 50° W., hundreds of moths appeared
ahout the ship, settling in numbors on the spars and rigging,
The wind for four days previously had been very light from
north, north-west, or north-east, and sometimes calm. The north-
east trade wind occasionally extends to the ship’s position at
that time of ycar. The captain adds that *{frequently, in
that part of the ocean, he has had moths and butterflies
come on board,” The position is 960 miles south-west of
the Cape Verde Islands, and about 440 north-cast of the
South American coast. The specimen preserved is Deiopeia
pulchella, a very common species in dry localities in the
Eastern tropics, and rarely found in Britain, but, Mr. Mac-
Lachlan thinks, not found in South America. They must
have come, therefore, from the Cape Verde Islands, or from
gome parts of the African coast, and must have traversed
about a thousand miles of ocean with the assistance, no doubt,
of a strong north-east trade wind for a great part of the distance.
In tho British Muscum collection there is a specimen of the
same moth caught at sea during the voyage of the Rafilesnake,
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in Lat. 6° N, Long, 221° W., being between the former position
and Sierra Leone, thus rendering it probable that the moths
came from that part of the African coast, in which case the
swarm encountered by the Pleione must have travelled more
than 1200 miles.

A similar case was recorded by Mr. F. A, Lucas in the
American periodical Stience of 8th April 1887. He states
that in 1870 he met with numerous moths of many species
while at sea in the South Atlantic (Lat. 25° 8., Long. 24° W.),
about 1000 miles from the coast of Brazil. As this position
is just beyond the south-cast trades, the insects may have been
brought from the land by a westerly galo. In the Zoologist
(1864, p. 8920) is the record of a small longicorn beetlo which
flew on board a ship 500 miles off the west coast of Africa.
Numerous other eases are recorded of inscets at less distances
from land, and, taken in conneetion with those already given,
they are sufficient to show that great numbers must he con-
tinually carried out to sea, and that occasionally they are able
to reach enormous distances. But the reproductive powers of
insects are so great that all we require, in order to stock a
remote island, is that some few specimens shall reach it even
once in a century, or once in a thousand years.

Insects af great Altitudes.

Equally important is the proof wo possess that insects are
often carried to great altitudes hy upward currents of air.
Humboldt noticed them up to heights of 15,000 and 18,000
feetin South America,and Mr. Albert Miiller has collected many
interesting cases of tho same character in Europe! A moth
{Plusia gamma} has been found on the summit of Ment Blanc;
small hymenoptera and moths have been seen on the Pyrences
at a height of 11,000 feet, while numerous flies and beetles,
some of considerable size, have heen caught on the glaciors
and snow-flelds of various parts of the Alps. Upward
currents of air, whirlwinds and tornadoes, oceur in all parts
of the world, and large numbers of insects are thus carried
up into the higher regions of the atmosphere, where they
are liable to be caught by strong winds, and thus conveyed
enormous distances over seas or continents. With such

1 Trans. Ent. Soc., 1871, p. 184.
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powerful means of dispersal the distribution of inseets over
the entire globe, and their presence in the most remote
oceanic islands, offer no diffienlties.

The Dispersal of Plants,

The dispersal of sceds is effected in o greater variety of
ways than are available in the case of any animals. Some
fruits or sced-vessels, and some sceds, will float for many
weeks, and after immersion in salt water for that period
the seeds will often germinate. Extreme cases are the double
cocon-mut of the Seychelles, which has been found on the coast
of Sumatra, about 3000 miles distant; the fruits of the
Sapindus saponaria {(soap-berry), which has been brought to
Bermuda by the Gulf Stream from the West Indies, and has
grown after a journey in the sea of about 1500 miles ; and the
West Indian bean, Entada seandens, which reached the Azores
from the West Indics, a distance of full 3000 miles, and after-
wards germinated at Kew. By theso mcans we can account
for the similarity in the shore flora of the Malay Archipelago
and most of the islands of the Pacific ; and from an examination
of the fruits and sceds, collected amoung drift during the voyage
of the Challenger, Mr. Hemsley hus compiled a list of 121
speeies which are probably widely dispersed by this means.

A still Jarger number of species owe their dispersal to birds
in scveral distinet ways.  An immense number of fruits in all
parts of the world are devoured hy hirds, and have been
attractively coloured (as we have scen), in order to be so
devoured, because the seeds pass through the birds” bodies and
germinate where they fall. We have scen how frequently
birds are forced by gales of wind across a wide expanse of
ocean, and thus sceds must be occasionally carried. It isa
vory suggestive fact, that all the trees and shrubs in the Azores
bear berries or small fruits which are caten by birds; while all
those which bear larger fruits, or are eaten chiefty by mammals
—such as onks, beeches, hazels, crabs, etc.—are entirely
wanting. Game-birds and waders often have portions of mud
attached to their feot, and Mr. Darwin has proved by experi-
ment that such mud frequently contains seeds.  One partridge
had such a quantity of mud attached to its foot as to contain
seeds from which eighty-two plants germinated ; thisproves that
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a very small portion of mud may serve to convey seeds, and
such an oceurrence repeated even at long intervals may greatly
aid in stocking remote islands with vegetation. Many seeds
also adhere to the feathers of birds, and thus, again, may be
conveyed as far as birds are ever carried. Dr. Guppy found
a small hard seed in the gizzard of a Cape Petrel, taken about
550 miles east of Tristan da Cunha,

Dispersal of Seeds by the Wind.

In the preceding cases we have been able to obtain direct
evidence of transpoertal; but although we know that many seeds
are specially adapted to be dispersed by the wind, we cannot
obtain direct proof that they are so carried for hundreds or
thousands of miles across the sca, owing to the difficulty of
detecting single objects which are so small and inconspicuous,
1t is probable, however, that the wind as an agent of dispersal
is really more effective than any of those we huve hitherto
considered, becanse a very large number of plants have seeds
which are very small and light, and are often of snch a form
as to facilitate nerfal carriage for enormous distances. It is
evident that such seeds are especially liable to be transported
by violent winds, because they become ripe in autumn at the
time when storms are most prevalent, while they either lie
upon the surface of the ground, or are disposed in dry capsules
on the plant ready to be blown away. If inerganic particles
comparable in weight, size, or form with such seeds are
carried for great distances, we may be sure that seeds will also
be occasionally earried in the same way. It will, therefore,
be necessary to give a few examples of wind-carriage of small
obhjects.

On 27th July 1875 a remarkable shower of small picces of
hay occurred zt Monkstown, near Dublin. They appeared
floating slowly down from a great height, as if falling from a
dark cloud which hung overhead. The picces picked up wero
wet, and varied from single blades of grass to tufts weighing
one or two ounces, A similar shower occurred a fow days
carlier in Denbighshire, and was observed to travel in a
direction contrary to that of the wind in the lower atmosphere.!
There is no evidence of the distance from which the hay was

1 Nature (1875), vol. xii. pp. 278, 208,
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brought, but as it had been carried to a great height, it was
in a position to be conveyed to almost any distance by a
violent wind, had such cceurred at the time.

Mineral Matter carried by the Wind.

The numerous cases of sand and voleanic dust being carried
enormous distances through the atmosphere sufficiently prove
the importance of wind as a carrier of solid matter, but un-
fortunately the matter collected has not been hitherto examined
with a view to determine the maximum size and weight of the
particles. A few facts, however, have been kindly furnished
me by Professor Judd, F.R.S. Some dust which fell at
Genoa on 15th October 1883, and was believed to have been
brought from the African desert, consisted of quartz, horn-
blende, and other minerals, and contained particles having a
diametor of ;35 inch, cach weighing 454%5q grain.  This
dust had probably travelled over 600 miles.  In the dust from
Krakatoa, which fell at Batavia, about 100 miles distant,
during the great cruption, thero are many solid particles even
larger than those mentioned above. Some of this dust was given
me by Professor Judd, and I found in it several ovoid particles
of o mnch larger size, being 4 inch long, and 3% wide and
deep. The dust from the same eruption, which fell on board
the ship Arabeliz, 970 miles from the voleano, also contained
solid particles ¢}« inch diameter. Mr. John Murray of the
Challenger Expedition writes to me that he finds in the deep
sea deposits H00 and even 700 miles wost of the coast of
Africa, rounded particles of quartz, having a diameter of
zhy inch, and similar particles are found at equally great
distances from the south-west consts of Australia; and he
considers these to bo atmospheric dust carried to that
distance by the wind. Taking the sp. gr. of quartz at
26, these particles would weigh about 44 kgy grain each.
These interesting facts can, however, by no means bo taken
a8 indicating the extreme limits of the power of wind in
carrying solid particles. During the Krakatoa ernption
no gale of specinl violence occurred, and the region is
one of comparative calms. The grains of quartz found by
Mr. Murray more nearly indicate tha limit, but the very
small portions of matter brought up by the dredge, as com-
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pared with the enormous areas of sea-bottom, over which tho
atmospheric dust must have been scattered, render it in the
highest degres improbable that the maximum limit either of
size of particles, or of distanee from land has been reached.
Let us, however, assume that the quartz grains, found by
Mr. Murray in the deep-sea ooze 700 miles from land, givo us
the extreme limit of the power of the atmosphere as a carrier
of solid particles, and let us compare with these the weights
of some seeds. From a small collection of the seeds of thirty
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Draba verna . 1,800 |4 ®Xgx1lo | Oval, flat,
Hypericmm erforatum 520 o X F Cyhndrical.
Astilbe rivularis. .1 4,500 2o Xt | Elongate, flat, tailed, wavy.
Saxifraga coriophylla . 750 15 %% Snrface rough, adhere to the
dry capsules.

(Enothera rosea . \ 840 5 % dr Ovate,
Hypericum hirsutum . 700 e ¥ 1hs | Cylindrles), rough.
Mimulus luteus . | 2,900 FrX1hs | Ownl, minute.
Penthorum sedoides . | 8,000%  Jyxydy | Flattened, very minute.
Sagina procumbens . | 12,000* hs Sub-tranyular, flat,
Qrchis maculata . | 16,000* Margined, flat, very minute,

1 | Gentiana purpurea . 36 5 Wavy, Tough, with this eori-

aceous mlil'ﬁl'ﬂ‘l
Silene alpina . 76 Flat, with friuged margios, |
Adenophora commurtis o Xy | Very thin, wavy, Ight. |
Quartz grains .y 25,000 ok Drep sea ., 700 anilea.
Do. 200,000 ks Genoa . . . G0 iles,

species of herbaceous plants sent me from Kew, those in the
above table were selected, and small portions of eight of
them carefully weighed in a chemical balance.! By counting
these portions I was able to estimate the number of seeds
weighing one grain. The three very minute species, whoso
nitmbers are marked with an astorisk (*), were estimated hy
the comparison of their sizes with those of the smaller weighed
seeds.

If now we compare the secds with the quartz grains, we

1 I am indebted to Professor R Meldola of the Finsbury Technicn] Inntitute,
and Rev. T, D. Titmas of Charterhouse for furnishing me with the weighta
required.
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find that several are from twice to three times the weight
of the grains found by Mr. Murray, und others five times,
cight times, and fifteen times as heavy; but they are pro-
portionately very much larger, and, being usually irregular in
shape or compressed, they expose a very much larger surface to
the air.  The suriace is often rough, and several have dilated
margins or tailed appendages, increasing frietion and rendering
the uniform rate of fulling through still air immensely less
than in the case of the smooth, rounded, solid quartz grains.
With these advantages it is o moderate estimate that seeds
ten times the weight of the quartz graing could be carried
guite as far through the air by a violent gale and under the
most favourable conditions.  These limits will include five
of the seeds here given, as well as hundreds of others which do
not exceed tham in weight ; and to these we may add some
larger seeds which have other favourable characteristics, as is
the case with numbers 11-13, which, though very much larger
than the rest, are so furmed as in all probability to be still more
casily carried great distances by a gale of wind, It appears,
therefore, to he absolutely certain that every autumnal gale
capable of convoying solid mineral particles to great distances,
must also earry unmbers of small seeds at Jeast as far ; and if
this is so, the wind alone will form one of the most effective
agents in the dispersal of plants.

Hitherto this mode of conveyance, as applying to the
transmission of sceds for great distances across the ocean, has
heen rejected by Dotanists, for two reasons.  In the first place,
there is said to be ne diroet evidence of such conveyance ; and,
secondly, the peculiar plants of remote oceanic islands do not
appear to have seods specially adapted for aerial transmission.
I will consider briefly each of these objections.

Objection to the Theory of Wind-Dispersal,

To ohtain direct ovidence of the transmission of such
minute and perishable objects, which do not exist in great
quantities, and are probably carried to the grentest distances
but rarely and as single specimens, is extromely difficult. A
bird or insect can be secn if it comes on board ship, but who
would ever deteet the seeds of Mimulus or Orchis even if a
seore of them fell on a ship’s deck? Yet if but one such seed
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per century were carried to an occeanic island, that island
might become rapidly overrun by the plant, if the conditions
were favourable to its growth and reproduction. It is further
objected that search has Dbeen made for such seeds, and they
have not been found.  Professor Kerner of Innsbruck examined
the snow on the surface of glaciers, and agsiduously collectod
all the seeds he conld find, and these were all of plants which
grew in the adjacent mountains or in the same district. In
like munner, the plants growing on moraines were found to
be those of the adjacent mountains, plateaux, or lowlands,
Hence he concluded that the prevalent opinion that seeds
may be carried through the air for very great distances “is
not supported by fact.”! The opinion is certainly not
supported by Kerner's facts, but neither is it opposed by
them. It is obvious that the secds that would be carried by
the wind to moraines or to the surface of glaciers would he, first
and in the greatest abundance, those of the immediately
surrounding district; then, very much more rarely, those
from more remote mountains; and lastly, in extremo rurity,
those from distant countries or altogether distinct mountain
ranges. Let us suppose the first to be so abundant that a
single seed could be found by industrious search on cach
square yard of thesurfuce of the glacier ; the second so scarce
that only one could possibly be found in a hundred yards
square ; while to find one of the third class it would be
necessary exhaustively to examine a square mile of surface.
Should we expeet that one ever to be found, and should the fact
that it could not be found be taken as a proof that it was not
there? Besides, a glacier is altogether in a bad position to
receive such remote wanderers, since it is generally surrounded
by lofty mountains, often range hehind range, which would
intercept the few air-borne seeds that might have been carried
from a distant land.  'The conditions in an oceanic island, on the
other hand, are the most favourable, since tho land, especially
if high, will intercept objects carried by the wind, and will
thus cause more of the solid matter to fall on it than on an
equal area of ccean. We know that winds at sea often blow
violently for days together, and the rate of motion is indicated
by the fact that 72 miles an hour was the averago velocity

1 fee Nature, vol. vi. p. 164, for & summary of Kerner's paper,
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of the wind observed during twelve hours at the Ben Nevis
observatory, while the velocity sometimes rises to 120 miles
an hour. A twelve hours’ gale might, therefore, carry
light sceds a thousand miles as eusily and certainly as it
could carry guartz-graing of much greater specific gravity,
rotundity, and smoothness, 500 or even 100 miles; and it is
difficult even to imagine a sufficient reason why they should
not be so carriecd—perhaps very rarcly and under exceptionally
favourable conditions,——but this is all that is required.

As regards the second objection, it has been observed that
orchides, which have often exceedingly small and light seeds,
are remarkably ahsent from oceanic islands. This, however,
may be very largely due to their extreme specialisation and
dependence on insect agency for their fertilisation ; while the
fact that they do occur in such very remote islands as the
Azores, Tahiti, and the Sandwich Islands, proves that they
must have once reached these localities either by the agency
of birds or by transmission through the air; and the facts I
have given above render the latter mode at least as probabloe
as the former. Sir Joseph Hooker remarks on the composite
plant of Kerguelen Island (Cotula plamosa) being found also on
Lord Aucklund and MacQuarrie Islands, and yet having no
pappus, while other species of the genns possess it.  This is
certainly remarkable, and proves that the plant must have, or
once have had, some other means of dispersul across wide
oceans.) One of the most widely dispersed specics in the
whole world (Sonchus oleraceus) possesses pappus, as do four
out of five of the species which are common to Europe and
New Zealand, all of which have a very wide distribution.
The same author remarks on the limited area occupied by
most species of Composite, notwithstanding their facilities for
dispersal by means of their feathered seeds; but it has been

1 It seema quite possible that the abgence of pappuas in this case is a recent
adaptation, nng that it has been brought about by causes similar to those
which have reduced or aborted the wings of insects in oceanic islands., For
when o plant has onee reached one of the storm-swept islands of the scuthern
ocenn, the pappus will be injurions for the same reason that the wings of
insects are Injurious, since it will lead to the seeds heing blown out to sea and
destroyed. The seeds which are heaviest and have least pappus will have the
best chance of falling on the greund and remainiog there to germinate, and
this process of selection might rapidly lead to the entire disappearance of the

PADPUS
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already shown that limitations of area are almost always due
to the competition of allied forms, facilities for dispersal being
only one of many factors in determining the wide range of
species. It is, however, a specially important factor in the
case of the inhabitants of remote oceanic islands, since, whether
they are poculiar species or not, they or their remote ancestors
must at some time or other have reached their present posi-
tion by natural means.

I have already shown elsewhere, that the flora of the
Azores strikingly supports the view of the species having been
introduced by aerial transmission only, that is, by the agency
of birds and the wind, because all plants that could not possibly
have been carried by these mcans are absent) In the same
way we may account for the extremo rarity of Leguminoswe in
all oceanic islands. Mr, Hemsley, in his Report on Insular
Floras, says that they “are wanting in a large number of
oceani¢ islands where there is no truc littoral flora,” as St.
Helena, Juan Fernandez, and all the islands of the South
Atlantic and South Indian Oceans. Even in the tropical
islands, such as Mauritius and Bourbon, there are no endemic
species, and very few in the Galapagos and the remoter Pacific
Islands. All these facts are quite in accordance with the ahsence
of facilities for transmission through the air, either by birds
or the wind, owing to the comparatively large size and weight
of the seeds; and an additional proof is thus afforded of the
extreme rarity of the successful floating of seeds for great
distances across the ocean.?

Ezplanation of North Temperate Plants in the Southern Hemisphere,

Tf we now admit that many seeds which are either minute
in size, of thin texture or wavy form, or so fringed or
margined as to afford a good hold to the air, are capable of
being carried for many hundreds of miles by exceptionally

1 Bee fsland Life, p. 251,

? Mr. Hemsley suggests that it is not so much the difficulty of transmission
by floating, as the had conditions the secds are usually exposed to when they
reach land. Many, even if they germinate, are destroyed by the waves, ag
Burchell noticed at 8t. Helona ; while even a flat and aheltered shore would
be sn unsuitable position for many inland plants. Air-borne sceds, on the
other hand, may be carried far inland, aud so scattered that some of them
are likely to reach suitable stations,
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violent and long-continued gales of wind, we shall not only be
better able to account for the floras of some of the remotest
oceanic islands, but shall also find in the fact a sufficient ex-
planation of the wide diffusion of many genera, and even spocies,
of arctic and north temperate plants in the southern hemisphere
or on the summits of tropical mountains, Nearly fifty of the
flowering plants of Tierra<iel-Fuego are found also in North
America or Europe, but in no intermediate country ; while fifty-
eight species are common to New Zealand and Northern Europe;
thirty-eight to Australia, Northern Europe, and Asia; and no
less ghan scventy-seven common to New Zealand, Australia,
and South America.l On lofty mountains far removed from each
other, idlentical or closely allied plants often cccwr.  Thus the
fine Primula imperialis of a single mountain peak in Java has
been found {(or a closcly allied species) in the Himalayas;
and many other plants of the high mountains of Java, Ceylon,
and North India are either identical or closely allied forms.  So,
in Africa, some species, found on the summits of the Cameroons
and Fernando Po in West Africa, are closely allied to species
in the Abyssinian highlands and in Temperate Europe ; while
other Abyssinian and Cameroons specics have recently heen
found on the mountains of Madagascar. Some peculiar Aus-
tralian forms have been found represented on the summit of
Kini Balu in Borneo. Again, on the summit of the Organ
mountaing in Brazil therc are species allied to those of the
Andes, but not found in the intervening lowlands.

No Proof of Ierent Lower Temperature in the Tropics.

Now all these facts, and numerous others of like character,
were supposed by Mr. Darwin to be due to a lowering of
temperature during glacial epochs, which allowed these tem-
perate forms to migrate across the intervening tropical low-
lands, But any such chango within the epoch of existing species
is almost ineonceivable. In the first place, it would necessitate
the extinction of much of the tropical flora (and with it of the
inscet life}, because without such extinction alpine herbaceous
plants could certainly never sproad over tropical forest low-

1 For {uller particulars, gee Sir J. Hooker's Introduction to Floras of New
Zealand and Australin, and u summery in my Jsland Life, chaps. xxii

xxiif.
238
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lands; and, in the next place, there is not a particle of direct
cvidence that any such lowering of temperature in inter-
tropical lowlands ever took place. The only alleged evidence
of the kind is that adduced by the late Professor Agassiz and
Mr. Hartt ; but T am informed by my friend, Mr. J. C. Branner
{now State Geologist of Arkansas, U.S.), who succeeded Mr.
Hartt, and spent several years completing the geological
survey of Brazil, that the supposed moraines and glaciated
granite rocks near Rio Janeiro and elsewhere, as well as the
so-called boulder-clay of the same region, are entirely ex-
plicable as the results of sub-aeriul denudation and weathering,
and that there is mo proof whatever of glaciation in any
part of Brazil.

Lower Temperature nof needed to Explain the Facts,

But any such vast physical change as that suggested by
Darwin, involving as it does such tremendous issnes as re-
gards ity effects on the tropical fauna and flora of the whole
world, is really quite uncalled for, because the facts to he
explained are of the same essential nature as those presented
by remote oceanic islands, batween which and the nearest con-
tinents no temperate land connection is postulated. In pro-
portion to their limited area and extreme isolation, the Azores,
St. Helena, the Galapagos, and the Sandwich Islands, each
possess o fairly rich—the last a very rich-—indigenous flora ;
and the means which sufficed to stoek them with a great
variety of plants would probably suffice to transmit others
from mountain-top to mountain-top in various parts of the
globe. 1In the case of the Azores, we have large numbers of
species identical with those of Europe, and others closely allied,
forming an exactly parallel case to the species found on the
various mountain summits which have been referred to. The
distances from Madagascar to the South African mountaing
and to Kilimandjare, and from the latter to Abyssinia, are no
greater than from Spain to the Azores, while there are other
cquatorial mountains forming stepping-stones at about an
equal distance to the Cameroons. Between Java and the
Himalayas we have the lofty mountains of Sumatra and of
North-western Burma, forming steps at about the same distance
apart ; while between Kini Balu and the Australian Alps we
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have the unexplored snow mountains of New Guinea, the
Belenden Ker mountains in Queensland, and the New England
and Blue Mountains of New South Wales. Between Brazil
and Bolivia the distances are no greater ; while the unbroken
range of mountains from Arctic America to Tierra-del-Fuego
offers the greatest facilities for transmission, the partial gap
between the lofty peak of Chiriqui and the high Andes of New
Grenada being far less than from Spain to the Azores. Thus,
whatever means have sufficed for stocking oceanic islands must
have boen to some extent cffective in transmitting northern
forms from mountain to mountain, across the equator, to the
southern hemisphere; while for this latter form of dispersul
there are special facilities, in the alnmdance of fresh and wn-
occupied surfaces always occurring in mountain regions, owing
to avalanches, torrents, mountain-slides, and rock-falls, thus
affording stations on which air-borne seeds may germinate
and find a temporary home till driven out by the inroads of
the indigenous vegetation. These temporary stations may be
at much lower altitudes than the original habitat of the species,
if other conditions are favourahle.  Alpine plants often descend
into the valleys on glacial moraines, while some arctic species
grow cqually well on mountain summits and on the seashore.
The distances above referred to hetween the loftier mountains
may thus he greatly reduced by the ocenrrence of suitable
conditions at lower altitudes, and the facilities for trans-
migsion by means of aerial eurrents proportionally increased.?

Fucts Erplained by the Wind-Carriage of Seeds.

But if we altogether reject acrial transmission of seeds for
great distances, except by tho agency of hirds, it will De
difficult, if not impossible, to account for the presence of so
many identical species of plants on remete mountain summits,
or for that “continuous current of vegetation” described by
Sir Joseph Hooker as having apparently long existed from
the northern to the southern hermsphere. It may be admitted
that we can, possibly, account for the greater portion of the
floras of remote oceanie islands by the agency of birds alone;
because, when blown out to sea land-birds must reach some island

1 ¥or a fuller discussion of this subject, see my Jsland Life, chap, xxiii,
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or perish, and all which come within sight of an island will
strugglo to reach it as their only refuge. But, with mountain
summits the case is altogether different, because, being sur-
rounded by land instead of by sea, no bird would need to fiy,
or to he carried by the wind, for several hundred miles at a
stretch to another mountain summit, hut would find a refuge
in the surrounding uplands, ridges, valleys, or plaing. Asa
rule the birds that frequent lofty mountain tops are peeuliar
species, allied to those of the surrounding district ; and there
is no indication whatever of the passage of birds from one
remote mountain to another in any way comparable with
the flights of birds which are known to reach the Azores
anmually, or even with the few regular migrants from
Australin to New Zealand. It is almost impossible to con-
ceive that the secds of the Himalayan primula should have
becn thus carried to Java; but, by means of gales of wind,
and intermediate stations from fifty to a few hundred miles
apart, where the seeds might vegetate for a year or two and
produce fresh seed to be again carried on in the same
manner, the transmission might, after many fuilurcs, be at
last effected.

A very important consideration is the vastly larger scale
on which wind carriage of seeds must act, as compared with
bird-carriage. 1t can only be a few birds which carry seeds
attached to their feathers or feet. A very small proportion of
these would carry the seeds of Alpine plants ; while an almost
infinitesimal fraction of these latter would convey the few
geeds attached to them safely to an occanie island or remote
monntain, But winds, in the form of whirlwinds or tornadoes,
gales or hurricanes, are perpetually at work over large areas
of land and sea. Insects and light particles of matter are
often carried up to the tops of high mountains ; and, from the
very nature and origin of winds, they usually consist of
ascending or descending eurrents, the former capable of
suspending such small and light objects as are many seeds
long enough for them to be carried enormous distances. For
cach single sced carried away by external attachment to the
feet or feathers of a bird, countless millions are probably
carried away by violent winds ; and the chance of conveyance
to a great distance and in a definite direction must be many
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times greater by the latter mode than by the former! Wo
have seen that inorganic particles of much greater specific
gravity than seeds, and nearly as heavy as the smallest kinds,
are cwried to great distances through the air, and we can
therefore hardly doubt that some sceds are carried as far.
The direct agency of the wind, as a supplement te bird-
transport, will help to explain the presence in oceanic islands
of plants growing in dry or rocky places whose small seeds
aro not likely to become attached to birds; while it seers to
be the only effective agency possible in the dispersal of those
species of alpine or sub-alpine plants found on the summits
of distant monntains, or still more widely separated in the
temperate zones of the northern and southern hemispheres.

Concluding Remarks.

On the general principles that have been now laid down, it
will be found that all the chief facts of the geographical dis-
tribution of animals and plants can be sufficiently understood.
There will, of course, be many cases of diflieulty and some
seeming anomalies, but these can usually be seen to depend on
our ignoranco of some of the essential factors of the problem.
Either we do not know the distribution of the group in recent
geological times, or we are still ignorant of the special methods
by which the organisms are ablo to cross the sea.  The latter
difficulty applies especially to the lizard tribe, which ure found

1 A very remarkable case of wind eonveyance of seeds on a large scale is
deseribed in a letter from Mr. Thomas Hanbury to his brother, the late
Daniel Hanbury, whieh has been kindly communicated fo me by Mr. Hemsley
of Kew, The letter is dated ¥ Shanghai, 1st May 1856," and the passage
referred to is as follows:—

“¥or tho past threa days we have had very warm weather for this timo of
year, in fact almost a3 warm ng the middle of suwmer. Last evening the
wind suddenly changed round to the north and blew all night with cousider-
able violence, making a great change in the atmosphere,

*“This morning, myriads of small white particles are fleating ahont in the
air ; there is not a single cloud and no mist, yet the sun is quite olscured by
this substance, and it looka like a white fog in Eungland. [ enclose thee &
sample, thinking it may interest. Tt is evidently a vegetable production; I
think, apparently, some kind of seed.”

Mr. Hemsley adds, that this substance proves to be the plumose seeds of
a poplar or willow, In erder to produce the effacts described —quite obscuring
the sun like a while fog,—the seeds must have filled the air to & very great
height ; and they must have been brought from some district where thers were
extensive tracts covered with the tree which produced them,
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in almost all the tropical oceanic islands; but the particular
mode in which they are able to traverse a. wide expanse of
occan, which is a perfect barrier to batrachia and almost so to
gnakes, has not yet been discovered. Lizards are found in all
the larger Pacific Islands as far ag Tahiti, while snakes do not
extend beyond the Fiji Islands; and the latter are also absent
from Mauritius and Bourbon, where lizards of seven or eight
species abound.  Naturalists resident in the Pacifie Islands
would make a valuable contribution to our science by study-
ing the Iife-history of the native lzards, and endeavouring to
ascertain the speelul facilities thoy possess for crossing over
wide spaces of ocean.



CHAPTER XIIT

THE GEOLOGICAL EVIDENCES OF EVOLUTION

What we may expect—The number of known species of extinet animals—
Causes of the imperfection of the geological record—Geological
evidencos of ovolution—Shells—Crocoliles—The rhinoceros tribe—
The pedigrec of the horso tribe—Development of deer’s horns—Brain
development—Local relations of fossil and living animals — Canse of
cxtinction of large animals—Indications of general progress in plants
and animals—The progressive development of plants—Possible causo
of sudden late appearance of exogens—Geologieal distribution of
insects-—Geological succession of vertebrata—Concluding remarks.

TiE theory of ovolution in the organic world necessarily im-
plies that the forms of animals and plants have, bhroadly
speaking, progressed from o more generaslised to a more
specialised structure, and from simpler to more complex
forms, We know, however, that this progressien has been
by no means regular, but has been accompanied by repeated
degradation and degencration ; while extinction on an
enormous scale has again and again stopped all progress in
certain  directions, and has often compelled a fresh start
in dovelopment from somoe comparatively low and imperfect
type.

The enormous extension of geological research in recent
times hag made us acquainted with a vast number of extinet
organisms, 5o vast that in some important groups—such as
the mollusca—tho fossil aro more numoerous than tho living
gpecies ; whilo in the mammalia they are not much less
numerous, the preponderance of living species being chiefly in
the smaller and in the arboreal forms which have not heen so
well preserved as the members of the larger groups. With
such a wealth of material to illustrate the successive stages
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through which animals have passed, it will naturally be ox-
pected that we should find important evidence of cvolution.
We should hope to learn the steps by which some isolated
forms have been connected with their nearest allies, and in
many cases to have the gaps filled up which now sepurate
genus from genus, or species from species. In some cases these
expectations are fulfilled, but in many other cases we seek
in vain for evidence of the kind we desire; and this abscuee
of evidence with such an apparent wealth of matorial is held
by muny persons to throw doubt on the theory of evolution
itsetf, They urge, with much appearance of reason, thas all
the arguments we have hitherto adduced fall short of demon.
stration, and that tho erucial test consisty in heing able to
show, in & great number of cases, those connecting links which
we sny must have existed. Many of the gaps that still remain
are so vast that it seoms incredible to these writers that they
could over have been filled up by 2 close succession of species,
since these must have spread over so many ages, and have
‘oxisted in such mumbers, that it seems impossible to account
for their total absence from deposits in which great numhbers
of species belonging to other groups are preserved and have
been discovered. In order to appreciate the force, or weakness,
of these objections, we must inquire into the charaeter and
completoness of that record of the past life of the carth which
geology has unfolded, and ascertain the nature and amount
of the evidence which, under actual conditions, we may expect
to find.

The Numler of known Species of Falinet Animals,

‘When we state that the known fossil mollusca are consider-
ably more numerous than those which now live on the earth,
it appears at first sight that our knowledge is very complete,
but this is far from being the case. The species have been
continually changing throughout geological time, and at each
period have probably been as numerous as they are now. If
wo divide the fossilifcrous strata into twelve great divisions
—the Pliocene, Miccene, Eocene, Cretaceous, Oolite, Lias,
Trias, Permian, Carboniferous, Devonian, Silurian, and Cam.
brian,—~we find not only that each has a very distinct and
characteristic molluscan fauna, but that the different sub-
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divisions often present a widely different series of species; so
that although a certain number of species are common to
two or more of the great divisions, the totality of the species
that have lved upon the earth must be very much more than
twelve times—nporhaps  even thirty or forty times—the
number now living. In like manner, althongh the species of
fossi]l mammals now recognised by more or less fragmentary
fossil remaing may not bo much less numerous than the
living species, yet the duration of cxistence of these was
comparatively so short that they were almost completely
changed, perhaps six or seven times, during the Tertiary
period ; and this is certainly only a fragment of the geological
time during which mammalia existed on the globe.

Thore is also reason to believe that the higher animals
were much more abundant in species during past geological
epochs than now, owing to the greater equability of the climate
which rendered even the arctic regions as habitable as tho
temperato zones aro in our time.

The same equable climate would probhably eause a more
uniform distribution of moisture, and render what are now
dlesert regions capable of supporting abundancs of animal life,
This is indicated by the number and varicty of the species of
large animals that have been found fossil in very limited arcas
which they evidently inhabited at one period. M. Albert
Gaudry found, in tho deposits of a mountain stream at
Pikermi in Greece, an abundance of large mammalia such as
are nowhere to be found living together at the present time.
Among them were two species of Mastodon, two different
rhinoeoroses, a gigantic wild boar, a camel and a giraffe
larger than those now living, several monkeys, carnivora
ranging from martens and civets to lions and hywnas of the
Inrgest size, numerous antelopes of at least five distinct genora,
and besides these many forms altogether extinet. Such were
the great herds of Hipparion, an ancestral form of horse; the
Helladotherium, a huge animal bigger than the giraffe; the
Ancylotherium, one of the Edentata ; the huge Dinotherium ;
tho Aceratherium, allied to the rhinoceros ; and the monstrous
Chalicotherium, allied to the swine and ruminants, but as large
as a rhinoceros; and to prey upon these, the great Mac-
hairodus or sabre-toothed tiger. And all these remains were
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found in a spaco 300 paces long by 60 paces broad, many of
the species existing in enormous quantities.

The Pikermi fossils belong to the Upper Miocens forma-
tion, but an cqually rich deposit of Upper Eocene age has
been discovered in South-Western France at Quercy, where M.
Filhol has determined the presence of no less than forty-two
species of beasts of prey alone. Equally remarkable are the
various discoveries of mammalian fossils in North America,
especially in the old lake bottoms now forming what aro
called the “had lands” of Dakota and Nebraska, belonging to
the Miocene period. Here are found an enormonus assemblage
of remains, often perfect skeletons, of herbivora and carnivora,
as varied and interesting as those from the loealities already
referred to in Europe; but altogether distinet, and far ex-
eceding, in numbher and variety of species of the larger animals,
the whole existing fauna of North America. Very similar
phenomena oceur in South Ameriea and in Australia, leading
us to the conclusion that the earth at the present time is
impoverished as regards the larger animals, and that at each
successive period of Tertiary time, at all events, it contained
a far greater number of species than now inhabit it. The
vory richness and abundance of the remains which we find
in limited areas, serve to convince us how imperfect and
fragmentary must be our knowledge of the ecarth’s fauna at
any one past epoch; since we canmot believe that all, or
nearly all, of the animals which inhabited any distriet were
entombed in & single Iake, or overwhelmed by the floods of a
single river.

But the spots where such rich deposits occur are ex-
ceedingly fow and far between when compared with the vast
areas of continental land, and we have every reason to believe
that in past ages, as now, numbers of curious species wero
rare or local, the ecommoner and more abundant species giving
a very imperfect idea of the existing series of animal forms.
Yot more important, as showing the impérfection of our
knowledge, is the enormous lapse of time between the several
formations in which we find organic remains in any abundance,
80 vast that in many cases we find ourselves almost in a new
world, all the species and most of the gonern of the higher
animals having undergone a completo change.
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Causes of the Imperfection of the Geological Record.

These facts are quite in accordance with the conclusions of
geologists as to the necessary imperfection of the geologicsl
record, sinee it requires the concurrence of o number of
favourable conditions to preserve any adegnate representation
of the life of a given epoch.  In the first place, the animals to
bo preserved must not die a natural death by disease, or old
age, or by being the prey of other animals, but must be
destroyed by some accident which shall lead to their being
embedded in the soil.  They must be either carried away by
floods, sink into bogs or quicksands, or be enveloped in the
mud or ashes of a voleanic eruption ; and when thus embedded
they must remain undisturbed amid all the future changes of
the earth’s surface.

But the chances against this are enormous, because de-
nudation is always going on, and the rocks wo now find at
the earth’s surface are only a small fragment of those which
were criginally laid down. The alternations of marine and
freshwater deposits, and the frequent unconformability of
strata with those which overlie them, tell us plainly of
repeated elevations and depressions of the surface, and of
denudation on an encormous scale. Almost every mountain
range, with its peaks, ridges, and valleys, is but the remnant
of somo vast plateau caten away by sub-acrial agencies ; every
range of sea-cliffs tell us of long slopes of land destroyed by
the waves ; while almost all the older rocks which now form
the surfaco of the earth have heen once covered with newer
deposits which have long since disappeared. Nowhere are
the evidences of this denudation more apparent than in North
and South Ameriea, where granitic or metamorphic rocks cover
an area hardly loss than that of all Europe. The same rocks
are largely doveloped in Central Africa and Eastern Asia;
while, besides those portions that appear exposed on the
surface, arcas of unknown extent are buried under strata
which roest on them uncomformably, and eould not, there-
fore, constitute the original capping under which the whole of
these rocks mmst once have been deeply buried; becanse
granite ¢an only be formed, and metamorphism can only go
on, deep down in the crust of the earth. 'What an over
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whelming idea does this give us of the destruction of whole
piles of rock, miles in thickness and covering areas comparable
with those of continents; and how great must have been tho
loss of the innumerable fossil forms which those rocks con-
tained ! In view of such destruction wo are forced to conclude
that our palmontological collections, rich though they may
appear, are really but small and random samples, giving no
adequate ides of the mighty serics of organism which have
lived upon the earth.!

Admitting, however, the extreme imperfection of the geo-
logical record as a whole, it may be urged that certain limited
portions of it are fairly complete—as, for example, the various
Miocene deposits of India, Europe, and North America,—
and that in these we ought to find many examples of species
and genera lnked together by intermediate forms. It may be
replied that in several cases this really occurs ; and tho reason
why it does mot occur more often is, that the theory of
evolution requires that distinct genera should be linked
together, not by a direct passage, but by the descent of both
from a eommon ancestor, which may have lived in some much
earlier age the record of which is either wanting or very in-
complete. An illustration given by Mr. Darwin will make this
more clear to those who have not studied the subject. The
fantail and pouter pigeons are two very distinet and unlike
breeds, which we yet know to have been both derived from the
common wild rock-pigeon. Now, if we had cvery variety of
living pigeon before us, or even all those which have lived
during the present century, we should find no intermediate
types between these two-—-none combining in any degree the
characters of the pouter with that of the fantail. Neither
should we ever find such an intermediate form, even had thero
been preserved a specimen of every breed of pigeon since
the ancestral rock-pigeon was first tamed by man—a
period of probably several thousand yoars. We thus sece
that a complete passage from one very distinet species to
another could not be expected even had we a complete record
of the life of any one period. What we require is 2 complete

! The reader who desires to understand this subject more fully, should
study chap. . of the Origin of Species, and chap. xiv. of Sir Charles Lyell's
Principles of Geology.
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record of all the species that have existed since the two forms
began to diverge from their common ancestor, and this the
known imperfection of the record renders it almost impossible
that we should ever attain. A1l that we have a right to
expect is, that, as wo multiply the fossil forms in any group,
the gaps that at first existed in that group shall beecome less
wide and less numerous; and also that, in some cases, a tolerably
direct series shall he found, by which the more specialised
forms of the present day shall he connected with more
generalised ancestral types.  We might also oxpect that when
a country is now characterised by special groups of animals,
the fossil forms that immediately preceded them shall, for the
most part, belong to the same groups ; and further, that, com-
paring the more ancient with the more modern types, we
should find indications of progression, the carlier forms being,
on the whole, lower in organisation, and less specialised in
structure than the later. Now evidence of evolution of these
varied kinds is what we do find, and almost every fresh discovery
adds to their number and cogency.  In order, therefore, to show
that the testimony given by geology is entirely in favour of
the theory of descent with modification, some of the mors
striking of the facts will now be given.

Gealogical Evidences of Evolution.

In an article in Nufwre (vol. xiv. p. 275), Professor Judd
calls attention to some recent discoveries in the Hungarian
plains, of fossil lacustrine shells, and their careful study by Dr.
Neumayr and M. Paul of the Austrian Geological Survey.
The beds in which they occur have accumulated to the thick-
ness of 2000 fect, containing throughout abundance of fossils,
and divisible into eight zones, cach of which exhibits a well-
marked and characteristic fauna.  Professor Judd then de-
scribes tho bearing of these discoveries as follows—

“The group of shells which affords the most interesting
evidence of the origin of new forms through descent with modi-
fieation is that of the genns Vivipara or Paludina, which occurs
in predigious abundance throughout the whole series of fresh-
water strata.  'We shall not, of course, attempt in this plaece
to enter into any details concerning the forty distinet forms of
this genus (Dr. Neumayr very properly hesitates to call thom all
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species), which are named and described in this monograph, and
between which, as the authors show, so many connecting links,
clearly illustrating the derivation of the newer from the older
types, have heen detected.  On the minds of those who care-
fully examine the admirably engraved figures given in the
plates accompanying this valuable memoir, or still better, the
very large series of specimens from among which the subjects of
these figures are selected, and which are now in the muscum
of the Reichsanstalt of Vienna, hut little doubt will, wo
suspect, remain that the anthors have fully made out their
case, and have demonstrated that, beyond all controversy, the
series with highly complicated ormmmentation were variously
derived by descent—the lines of which are in most cases
perfectly clear and obvious—irom the simple and unorna-
mented Vivipara achatineides of the Congerien-Schichten (the
lower division of the serics of strata). It is intoresting to
notice that a large portion of these unquestionably derived
forms depart so widely from the type of the genus Vivipara,
that they have heen separated on so high an authority as that
of Sandberger, as a new genus, under the name of Tulotoma.
And hence we are led to the conclusion that a vast number
of forms, certainly exhibiting specific distinctions, and accord-
ing to some naturalists, differences even entitled to e regarded
of generic value, have ull a common ancestry.”

It is, as Professor Judd remarks, owing to the exceptionally
favourable circumstaneces of a long-continued and unbroken
series of deposits being formed under physical conditions
either identical or very slowly changing, that we owe so com-
plote a record of the process of organic change. Usually,
some disturbing elements, such as a sudden change of physical
conditions, or the immigration of new sets of forms from othor
areas and the consequent retreat or partinl extinction of the
older fanna, interferes with thecontinuity of organic development,
and produces those puzzling discordances ro penerally met
with in geological formations of marine origin,  While a case
of the kind now deseribed affords cvidence of the origin of
species complete and conclusive, though on a necessarily very
limited scale, the very rarity of the conditions which are essential
to such completeness serves to explain why it iz that in most
cases the direct evidence of evolution is not to be obtained.
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Another illustration of the filling up of gaps hetween
existing gronps is afforded by Professor an]cy’ﬁ researches
on fossil crocodiles.  Tho gap between the Lxlstmg crocodiles
and the lizards is very wide, but as we go buck in geological
time we meet with fossil forms which are to some extent
intermediate and form a connected series. The three living
igator, and Gavialis—are found in the
Eocene formation, and allied forms of another genus, Holops,
in the Chalk.  From the Chalk hackward to the Lias another
group of genera oceurs, having anatomieal characteristics
intermediate hetween the living crocodiles and the most
ancicnt forms.  These, forming two genera Beloden and
Stagonolepis, are found in a stilt older formation, the Trias,
They have characters resembling some lizards, cspecially the
remarkable Hatteria of New Zealand, and have also some
resemblances to the Dinosaurians—reptiles which in some
respects approach birds.  Considering how eomparatively few
are the remains of this group of animals, the evidence which it
affords of progressive development is remarkably eclear.?

Among the higher animals the rhinoceros, the horse, amd
the deer afford good evidence of advance in organisation and
of the filling up of the gaps which separate the living forms
from their nearest allics.  The curliest ancestral forms of the
rhinoceroses occur in the Middle Eocenc of the United States,
and were to some extent intermediate botween the rhinoceros
and tapir families, having like the Iatter four toes to the front
feet, and three to those behind,  These are followed in the
Upper Eocene by the genus Amynodon, in which the skull
assumes more distinetly the rhinocerotic type.  Following this
in the Lower Mioceno we have the Accratherium, like the last
in its feet, hut still more decidedly a rhinoceros in its general
structure, From this there arc two diverging lines—one in
the Old World, the other in the New. In the for mer, to which
the Accratherinm is supposcd to have migrated in early
Mioceno times, when a mild climate and luxuriant vegetation
prevailed far within the arctic cirele, it gave rise to the
Ceratorhinus and the various horned rhinoceroses of late
Tertiary times and of those now living. In America a

1 On “Stagonolepis Roboertsoni and o the Evolution of the Croendilia,” in
Q. J. of Geclugical Society, 1875 ; aud abstract iu Nalure, vol. xil, p. 38.
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number of large hornless rhinoeeroses were developed—
they are found in the Upper Miocene, Fliocene, and Post-
Pliocene formations—and then became extinct. The true
rhinoceroses have three toes on all the feet.?

The Pedigree of the lorse Tribe,

Yet more remarkable is the evideneo afforded by the
ancestral forms of the horse tribe which have been discovered
in the Ameriean tertiaries. The family Equidm, comprising
the living horse, asses, and zebras, differ widely from all other
mammals in the peenliar structure of the feet, all of which
torminate in a single large toe forming the hoof. They have
forty teeth, the melars being formed of hard and soft material
in crescentic folds, so as to be a powerful agent in grinding
up hard grasses and other vegetable food. The former peculi.
arities depend upon modifications of the skeleton, which have
been thus described by Professor Huxley :—

*Let ug turn in the first place to the forelimh. In most
quadrupeds, ag in ourselves, the fore-arm contains distinct
bones, called the radius and the ulna. The corresponding
region in the horse scems at first to possess hut one hone.
Careful observation, however, enables us to distinguish in this
bone a part which clearly answers to the upper end of the
ulna.  This is closely united with the chief mass of the hone
which represents the radius, and runs out into a slender shaft,
which may be traced for some distance downwards upon the
back of the radius, and then in most cases thins out and
vanishes. It takes still more trouble to make sure of what is
nevertheless the faet, that a small part of the lower end of the
bone of a horse’s fore-arm, which is only distinet in a very
young foal, is really the lower extremity of the uina.

“What is commonly called the knee of a horso is its wrist.
The ‘cannon bone’ answers to the middle bone of the five
metacarpal bones which support the palm of the hand in our-
selves. The pustern, coronary, and coffin bones of veterin-
arjang answer to the joints of our middle fingers, while the
koof is simply a greatly enlarged and thickened nail. But if

1 From n paper by Messrs, Scott znd Osborne, “On the Origin and
Development of the Khinoceros Group,” read before the British Association
in 1883,
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what lies below the horse’s ‘knee’ thus corresponds to the
middle finger in ourselves, what has become of the four other
fingers or digits ? We find in the places of the sccond and
fonrth digits only two slender splintlike hones, about two-
thirds as long as the cannon bone, which gradually taper to
their lower ends and hear no finger joints, or, as they are
termed, phalanges.  Sometimes, small hony or gristly nodules
are to be found at the bases of these two metacarpsl splints,
and it is probable that these represent rudiments of the first
and fifth toes. Thus, the part of tho horse’s skeleton which
corresponds with that of the human hand, contains one over-
grown middle digit, and at least two nnpelf(,ct lateral digits ;
and these answer, respectively, to the third, the sceond, and
the fourth ﬁnbms in man.

“Corresponding modifications are found in the hind limb.
In ourselves, and in most guadrupeds, the leg contains two
distinct bones, a large bone, the tibia, and a smaller and more
slender hone, the fibula. But, in the horse, the fibula scems,
at first, to be reduced to its upper end ; a short slender bone
united with the tibin, and ending in a point helow, occupying
its place. Examination of the Jower end of a young foal's
shin-bong, however, shows a distinct portion of esseous matter
which is the lower end of the fibnla; so that the, apparently
single, Jower ¢nd of tho shin-bone i3 really made up of the
coalesced ends of the tibia and fibula, just as the, apparently
single, lower end of the forearm bone is composed of the coal-
esced radius and ulna.

“The heel of the horse is tho part commonly known as
the hock.  The hinder cannon bone answers to the middle
metatarsal hone of the human foot, the pastern, coronary,
and coffin bones, to the middlo toe bones; the hind hoof to
the mnail; as in the forefoot. And, as in the forefoot, there
are morely two splints to represent the second and the fourth
toos. Sometimes a rudiment of a fifth tvo appears to be
traceablo.

“The tecth of a horse are not less poculiar than its limbs.
The living ongine, like all others, must be well stoked if it is
to do its work ; and the horse, if it is to make good its wear
and tear, and to cxert the enormous amount of force required
for its propulsion, must be well and rapidly fed. To this end,

2
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good cutting instruments and powerful and lasting crushers
are needful. Accordingly, the twelve entting teeth of a horse
are close-set and concentrated in the forepart of its mouth,
like so many adees or chisels. Tho grinders or molars are
large, and have an extremely complicated structure, being
composed of a namber of different substanees of unequal hard-
ness.  The consequence of this is that they wear away at
different rates; and, hence, the surface of cach grinder is
always as unoven as that of a good willstone.” !

We thus see that the Feuidie differ very wilely in structure
from most other mammals. Assuming the trnth of the theory
of ovolution, we should expecet to find traces among extinet
animals of the steps by which this great modification has
been effected ; and we do really fiud traces of these steps,
imperfeetly among Fuaropean fossils, hut fur more completely
among those of America.

It iz a singular fact that, although no horse inhabited
America when discovered by Europeans, yot abundance of
remains of extinet horses have been found hoth in North and
South America in Post-Tertiary and Upper Pliocene deposits ;
and from these an wlmost continuous series of modified forms
can be traced in the Tertiury formation, till we reach, at
the very base of the series, o primitive form so nunlike our
perfected animal, that, had we not the intermediate links, few
persons would helieve that the ono was the ancestor of the
other. The tracing out of this marvellous history we owe
chiefly to Professor Marsh of Yale College, who has himself
discovered no less than thirty species of fossil Equides ; and
we will allow him to tell the story of the development of the
horse from a humble progenitor in his own words.

““The oldest representative of the horse at present known
is the diminutive Echippus from the Lower Focene, Several
species have leen found, all ahout the sizo of a fox. Like
most of the early mammals, these ungulates had forty-four
teeth, the molars with short erowns and quite distinet in form
from the premolars. The ulna and fibula were entire and
distinet, and thers were four well-developed toes and a rudi-
ment of another on the forefect, and thres tocs behind. In
the structure of the feet and teeth, the Eohippus unmistak-

1 American Addresses, pp. 78-76,
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ably indicates that the direct ancestral line to the modern
horse hag already separated from the other perissodactyles, or
odd-toed ungulates.

“In the next higher division of the Focene another genus,
Orohippus, makes its appearanece, replacing Fohippus, and
showing a greater, though still distant, resemblance to the
equine type.  The rudimentury first digit of the forefoot has
disappeared, and the last premolar has gone over to the molar
series.  Orohippus was but little Jarger than Eohippus, and
in most other respeets very similar.  Several species have
been found, but none occur later than the Upper Focene.

“ Near the base of the Miocene, we find u third closely allied
genus, Mesohippus, which is about as large as a sheep, and one
stage nearer the horse.  There are only three toes and a
rudimentary splint on the forefeet, and three toes behind.
Two of the premolar teeth are quite like the molars. The
ulna is no longer distinet or the fibula entire, and other
eharacters show clearly that the transition is advancing.

“In the Upper Miocene Mesohippus is not found, but in its
place a fourth form, Miohippus, continues the line.  This
genus is near the Anchitherium of Europe, but presents
several important differences. The three tocs in each foot
are more nearly of a size, and a rudiment of the fifth meta-
carpal hone is retained,  All the known species of this genus
are larger than those of Mesohippus, and none of them pass
above the Miocone formation.

“The genus Protohippus of the Lower Pliocene is yet more
equine, and some of its species equalled the ass in size. There
are still three toes on each foot, but only the middle one,
corresponding to the single toe of the horse, comes to the
ground. This genus resemblos most nearly the Hipparion of
Europe,

“In the Plioceno wo have the last stage of the series hefore
reaching the horse, in the genus Pliohippus, which has lost
the small hooflots, and in other respects is very equine.
Only in the Upper Plioecne does the true Equus appear and
complete the genealogy of the horse, which in the Post-Tertiury
roamed over the whole of North and South America, and soon
after became oxtinet. This occurred long before the dis-
covery of the continent by Kuropeans, and no satisfactory
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reason for the cxtinction has yet heen given. Besides the
characters I have mentioned, there are many others in the
skeleton, skull, teeth, and hrain of the forty or more inter-
mediate specics, which show that the transition from the
Eoeene Evhippus to the modern Equus has taken place in the
order indicated ! (see Fig. 33).

Well may Professor Huxley say that this is demonstrative
evidence of evolution; the doctrine resting upon exactly as
secure a foundation as did the Copernican theory of the
motions of the heavenly bodies at the time of its promulgs-
tion. Both have the same basis~—the coincidence of the
observed facts with the theoretical reynirements.

Development of Deer’s Iorns,

Another clear and unmistakable proof of evolution is
afforded by one of the highest and latest developed trihes of
mammals—the true deer.  These differ from all other ruminants
in possessing solid deciduous horns which are always more or
less branched. They first appear 1n the Middle Miocene
formation, and continue down to onr time; and their develop-
ment has been carefully traced by Professor Boyd Dawkins,
who thus snummarizes his results :—

“In the middle stage of the Miocene the ccrvine antler
consists merely of a simple forked crown {as in Cervus diero-
ceros), which increases in size in the Upper Miocene, although
it still remaing small and ereet, like that of the roe.  In Cervus
Matheroni it measures 114 inches, and throws off not more
than four tines, all small. The deer hving in Auvergne in
the succeeding or Pliocene age, present us with another stage
in the history of antler development. There, for the first
time, we see antlers of the Axis and Rusa type, larger and
longer, and more branching than any antlers were before, and
possessing three or more well-developed tines.  Deer of this
type abounded in Pliocene Europe. They Delong to the
Oricental division of the Cervida, and their presence in Europe
confirms the evidenee of the Hor, lrought forward by the
Comte de Saporta, that the Plioceno climate was warm.
They have probably disappeared from Europe in consequence

! Tecture on the Introduction and Succession of Vertehrate Life in America,
Natwre, vol. xvi, . 471,
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of the lowering of the temperature in the Pleistocene age,
while their descendants have found a congenial home in the
warmer regions of Eastern Asia.

“In the latest stage of the Pliocene—tho Upper Pliocene of
the Vul d’Arno—the Cervus dicranios of Nesti presents us with
antlers much smaller than those of the Irish elk, but very
complieated in their branching, This animal survived into
the succeeding age, and is found in the pre-glacial forest
bed of Norfolk, being described by Dr. Fulconer under the
name of Sedgwiclk’s deer,  The Irish clk, moose, stag, reindeer,
and fallow deer appear in Europe in the Pleistocene age, all
with highly complicated antlers in the aduit, and the first
possessing the largest antlers yet known. Of these the Irish
elk disappeared in the Prehistoric age, after having lived in
countless herds in Treland, while the rest have lived on into
our own times in Furo-Asia, and, with the exception of the
last, also in North America.

“From this survey it is obvious that the cervine antlers
have increased in size and complexity from the Mid-Miocene
to the Pleistoceno age, and that their successive changes are
analogous to those which are observed in the development of
antlers in the living deer, which begin with a simple point,
and inerease in number of tines till their limit of growth be
reached.  In other words, the development of antlers indicated
at successive amd widely-separated pages of the geological
record is the same as that observed in tho history of a single
living species. It is also obvious that the progressive
diminution of size and complexity in the antlers, from the
present time back into the early Tertiary age, showe that we
are approaching the zero of antler development in the Mid-
Miocene. No trace of any antler-bearing ruminant has becn
met with in the lower Miocenes, either of Lurope or the
United States,”!

Progressive Bruin-Levelopment.

The three illustrations now given sufficiently prove that,
whenover the geological record approaches to completeness,
we have evidence of the progressive change of species in
definite directions, and from less developed to more de-

1 Nature, vol. xxv. p. 84.
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veloped types—exactly such » uhnngc as we may expect to
find if the evolution theory be the true one. Muny other
illustrations of a similar change could he given, but the
animal groups in which they oceur being less familiar, the
details would be less intoresting, and perhaps hardly intel
ligible,  There is, however, one very remarkable proof of
development that must be briefly noticed—that afforded by
the steady increase in the size of the brain. This may be
best stated in the words of Professor Marsh :—

“The real progress of mammalian life in America, from
the beginning of the Tertiary to the present, is well illus-
trated by the brain-growth, in which wo have the key to
many other changes.  The earliest known Tertinry mammals
all had very small brains, and in some forms this organ was
proportionally less than in cortain reptiles. I‘hele wus a
gradual increasc in the size of the brain during this peried,
and it is interesting to find that this growth was mainly
confined to the cerebral hemispheres, or highor portion of the
brain. In most groups of mammals the brain has gradually
become more convoluted, and thus increased in quality as
well as quantity. In some also the corebellum and olfactory
lobes, the lower parts of the brain, have even diminished in
size. In the long struggle for existence during Tertiary time
the big brains won, then as now; and the inereasing power
thus gained rendered useless many structures inherited from
primitive ancestors, but no longer adapted to new conditions.”

This remarkable proof of devclopment in the organ of
the mental faculties, forms a fitting climax to the cv1dence
already adduced of the progressive ovolution of the general
structure of the body, as illustrated by the bony skeleton.
We now pass on to another class of facts cqually suggestive
of cvolution.

The Locul Relations of Fosstl and Living Animals,

If all existing animals have been produced from ancestral
forms—mostly extinct—under the law of variation and natural
selection, we may oxpect to find in most cases a close rela-
tion between the living forms of each country and those which
inhabited it in tho mmmdmtely preceding epoch. But if
specics have originated in some quite different way, either by
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any kind of special creation, or by sudden advances of organisa-
tion in the offspring of preceding types, such close relationship
would not he found ; and facts of this kind hecome, therefore,
to some extent a test of evolution under natural selection or
some othor law of gradual change.  Of course the relationship
will not appear when extensive migration has occurred, by
which the inhubitants of one region have been able to take
possession of another region, and destroy or drive out its
original inhabitants, as has sometimes happened. DBut such
cases are comparatively rare, except where great changes of
climate are known to have occurred ; and we usually do find
a remarkable continuity between the existing fauna and flora
of a country and those of the immediately preceding age. A
few of the more remarkable of these cases will now be briefly
noticed.

The mammalian fauna of Australia consists, as is well
known, wholly of the lowest forms—the Marsupials and Mono-
tremata—except only afew spacies of mice. This is accounted
for by the complete isolation of the country from the Asiatic
continent during the whole period of the development of the
higher animals. At some earlicr epoch the ancestral mar-
supials, which abounded hoth in Europe and North America
in the middle of the Secondary period, entered the country,
and have since remained there, free from the competition of
higher forms, and have undergone a special development in
accordance with the peculiar conditions of a limited area.
While in the large continents higher forms of mammalia have
been developed, which have almost or wholly exterminated the
less perfect marsupials, in Australia these latter have become
modified into such varied forms as the leaping kangaroos, the
burrowing wombats, the arboreal phalangers, the inseetivorous
bandicoots, and the carnivorous Dasyuridm or native cats,
culminating in the Thylacinus or “tiger-wolf ¥ of Tasmania—
animals as unlike each other as our sheep, rabbits, squirrels,
and dogs, but all retaining the characteristic featurcs of the
marsupial type.

Now in the caves and late Tertiary or Post-Tertiary deposits
of Australia the remains of many extinet mammalia have been
found, but all are marsupials. There are many kangaroos,
somo larger than any living specics, and others more allied to
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the trec-kangaroos of New Guinea; a large wombat as large
a3 & tapir ; the Diprotodon, a thick-limbed kangaroo the size of
a rhinoceros or small elephant; and a quite different animal,
the Nototherium, nearly as large. The carnivorous Thyla-
cinus of Tasmania is also found fossil; and a huge phalanger,
Thylacoleo, the size of a lion, believed by Professor Owen
and by Professor Oscar Schmidt to have been equally carni-
vorous and destructive.’  Besides these, thero are many other
gpecies more resembling the living forms hoth in size and
structure, of which they may he, in some cases, the direct
ancestors. Two species of extinet Echidna, belonging to the
very low Monotremata, have also been found in New South
Wales,

Next to Australia, South America possesses the most re-
markable assemblage of peculiar mammals, in its numerous
Edentata—the sloths, ant-eaters, and armadillos ; its rodents,
such as the cavies and chinchillas ; its marsupiul opossims, and
its quadrumana of the family Cehidee, Hemains of extinet
specics of all these have been found in the caves of Brazil, of
Post-I’Hocene age ; while in the earlier Pliocene deposits of the
pampas many distinet genera of these groups have been found,
some of gigantic size and extraordinary form. There are
armadillos of many types, some being as large as elephants;
giganticsloths of the generaMegatherium, Megalonyx, Mylodon,
Lestodon, and many others ; rodents belonging to the American
families Cavide and Chinchillide ; and ungulates allied to the
llama ; besides many other extinet forms of intermediate types
or of uncertain aflinitics.? The extinct Moas of New Zealand
—huge wingless birds allied to the living Apteryx—illustrate
the same general law,

"The examples now quoted, besides illustrating and enforcing
the general fact of evolution, throw some light on the usual
character of the modification and progression of animal forms.
In the cases where the geological record is tolerably complete,
we find a continuous development of some kind—either in
complexity of ornamentation, as in the fossil Paludinas of the
Hungarian lake-basing ; in size and in the specialisation of the

1 See The Afammalie in their Relation lo Prineval Times, p. 102.
2 For n Lrief enumeration and description of these fossils, sev the anthor’s
Geographical Distribution of Animals, vol. i p. 146.
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feot and tecth, as in the American fossil horses; or in the in-
creased development of the branching horns, as in the true
deer. In cach of these cases specialisation and adaptation to
the conditions of the environment appear to have reached their
limits, and any change of these conditions, especially if it be
at ull rapid or accompanicd by the competition of less developed
but more adaptalde forms, is luble to cause the extinction of
the most highly doveloped groups. Such we know was the
case with the horse tribe in America, which totally disappeared
in that continent at an epoch so recent that we cannot be
sure that the disappearance wos not witnessed, perhaps caused,
by man; while even in the lastern hemisphere it is the
smaller species-—~the asscs and the zebras—that have persisted,
while the larger and more highly developed true horses have
almost, if not quite, disappeared in a state of nature. So wo
find, both in Australia and Sonth America, that in a quite
recent period many of the largest and most specialised forms
have become extinet, while only the smaller types have sur-
vived to our day; and a similar faet is to be observed in many
of the earlier geological epochs, a group progressing and reach-
ing a maximum of size or complexity and then dying out,
or leaving at most but few and pigmy representatives.

Canse of Extinction of Large Animals,

Now there are several reasons for the repeated extinetion
of large rather than of small animals. In the first place,
animals of great hulk require a proportionate supply of food,
and any adverse change of conditions would affect them moro
seriously than it would smaller animals. In the next place,
the extreme specialisation of many of these large animals
would render 1t less easy for them to be modified in any new
direction suited to changed conditions.  Still morc important,
perhaps, is the fact that very laurge animals always increase
slowly as eompared with small oncs—the elephant producing
a single young one every three years, while a rabbit may have
a litter of seven or eight young two or three times a year,
Now the probability of favourable variations will he in direct
proportion to the population of the species, and as the smaller
animals are not only many hundred times more numercus than
the largest, but also incresse perhaps a hundred times as
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rapidly, they are able to become quickly modified Ly variation
and natural selection in harmony with changed conditions,
while the large and bulky species, being nnable to vary quickly
enough, are obliged to suceumb in the struggle for exist
enco.  As Professor Marsh well observes: “In every vigorons
primitive type which wus destined to survive many geological
changes, there seems to have been a tendency to throw off
lateral branchos, which hecame highly specialised and soon
died out, because they were unable to adapt themselves to new
conditions.”  And he goes on to show how the whole narrow
path of the persistent Suilline type, thronghout the entire
sories of the American tertiaries, is strewed with the remains of
such ambitious offshoots, many of them attaining the sizo of
a rhinoceros; “while the typical pig, with an obstinacy never
lost, has held on in spite of catastrophes aud evolution, and still
lives in America to-day.”

Tudicutions of General Progression in Planis and Aninals,
i

One of tho most powerful arguments formerly adduced
against evolution was, that geology afforded no evidence of
the gradual development of organic forms, but that whole
tribes und classes appeared suddenly at definite epochs, and
often in great varicty and exhibiting a very perfect organisa-
tion, The mammalia, for example, were long thought to have
first appeared in Tertiary times, where they are represented in
some of the earlier deposits by all tho great divisions of the
class fully developed—carnivora, rodents, insectivora, mar-
supials, and even the perissodactyle and artiodactyle divisions of
the ungulata—as clearly defined as at the present day. The
discovery in 1818 of u single lower jaw in the Stonesficld
Slate of Oxfordshire hardly threw doubt on the generalisation,
since ecither its mammalian character was denied, or the
geological position of the strata, in which it was found, was
held to huve been erroneously determined.  But since then, at
intervals of many years, other remains of mammalia have been
discovered in the Secondary strata, ranging from the Upper
Oolite to the Upper Trins both in Europe and the United
States, and one cven (Trityladon) in the Trias of South Afriea.
All these are either marsupials, or of some still lower type of
mammalia ; but they consist of many distinet forms classed in
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about twenty genera. Nevertholess, a great gap still exists
between these mammals and those of the Tertiary strata, since
no mammal of any kind has been found in any part of the
Cretaceous formation, although in several of its subdivisions
abundance of land plants, freshwater shells, and air-breathing
reptiles have been discovered. 8o with fishes. In the last
century none had been obtained lower than the Carboniferous
formation ; thirty years later they were found to be very
abundant in the Devonian rocks, and later still they were
discovered in the Upper Ludlow and Lower Ludlow beds of
the Silurian formation,

We thus sec that such sudden appearances are deceptive,
and are, in fact, only what we ought to expect from the known
tmperfection of the geological record. The conditions favour-
able to the fossilisation of any group of animals occur com-
paratively rarely, and only in very limited areas; while the
conditions essential for their permanent preservation in the
rocks, amid all the destruction cansed by denudation or meta-
morphism, are still more exceptional. And when they are
thus preserved to our day, the particular part of the rocks in
which they lie hidden may not be on the surface but buried
down deep under other strata, and may thus, except in the
case of mineral-bearing deposits, be altogether ont of our
reach, Then, again, how large a proportion of the carth
consists of wild and uncivilised regions in which no exploration
of the rocks has been yet made, so that whether we shall find
the fossilised remains of any particular group of animals
which lived during a limited period of the carth’s history, and
in a limited area, depends upon at least a fivefold combination
of chances, Now, if we take each of these chances separately
as only ten to one against us (and some are certainly moro
than this), then the actual chance against our finding the
fossil remains, say of any one order of mammalia, or of land
plants, at any partienlar geological horizon, will be about a
hundred thousand to one.

It may be said, if the chances are so great, how is it that
we find such immense numbers of fossil species exceeding in
number, in some groups, all those that are now living? But
this is exactly what we should expect, because the number of
species of organisms that have ever lived upen the earth, since
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the earliest geological times, will probahly be many hundred
timos greater than those now existing of which we have any
knowledge; and hence the cnormous gaps and chasms in the
geological record of extinet forms is not to be wondered at.
Yet, notwithstanding these chasms in our knowledge, if
evolution is true, thero ought to have been, on the whole,
progression in all the chief types of life.  The higher and more
specialised forms shonld have eome into existence later than the
lower and more generalised forms ; and however fragmentary
the portions we posscss of the whole trec of life upon the
earth, they ought to show us broadly that such a progressive
cvolution has taken place.  'We have seen that in some spocial
groups, already referred to, such a progression Is elearly
visible, and we will now cast a hasty glance over the entire
series of fossil forms, in order to see if a similar progression is
manifested by them as a whole.

The Progressive Development of Plands.

Ever sincs fossil plants have been collected and studied, the
broad faet has been apparent that the early plants-—those of
the Coal formation—were mainly cryptogamous, while in the
Tortiary deposits the higher flowering plants prevailed.  In the
intermediate secondary epoch the gymnosperms—cycads and
coniferm—formed a prominent part of the vegetation, and as
these have usually been held to be a kind of transition form
between the flowerless and flowering plants, the geological
succession has always, broadly speaking, been in accordance
with the theory of evolution. Beyond this, however, the facts
were very puzzling, The highest cryptogams——ferns, lycopods,
and equisetacen and in immense profusion
in the Coal formation, at which period they attained a develop-
ment they have never since surpassed or even oqualled ; while
the highest plants—the dicotyledonous and mongeotyledonous
angiosperms—iwhich now form the bulk of the vegetation of
the world, and exhibit the most wonderful modifications of
form and structure, were almost unknown till the Tertiary
period, when they suddenly appeared in full development, and,
for the most part, under the same generic forms as now exist.

During the latter half of the present century, however,
great additions have heen made to our knowledge of fossil
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plants ; and although there are still indications of vast gaps in
our knowledge, due, no doubt, to the very excoptional conditions
required for the preservation of plant remains, we now possess
cvidence of a mwore continnous development of the varions
types of vegetation.  Aceording to Mr. Lester It Ward,
between 8000 and 9000 species of fossil plants have heen
described or indieated ; and, owing to the careful study
of the neorvation of leaves, n large mumber of these are
referablo to their proper orders or genera, and therefore give
us some notion—uwhich, though very imperfeet, is probably
aceurate in its main ontlines—of the progressive development
of vegetation on the carth.) The following is a summary of
the facts as given by Mr. Ward :—

The lowest forms of vegetable life—the cellular plants—
have been found in Lower Silurian deposits in the form of three
species of marine alge ; and in the whole Silurian formation
fifty species have been recognised.  We cannot for a moment
suppose, however, that this indicates the first appearance of
vegetable life upon the carth, for in these same Lower
Silurian beds the more highly organised vascular cryptogams
appear in the form of rhizocarps—uplants allied to Marsilea
and Azolla,—and a very little higher, ferns, Iycopods, and even
conifers appear. We have indications, however, of a still
more ancient vegetation, in the carbonaceous shales and thick
beds of graphite far down in the Middle Laurentian, since
there is no other known agency than the vegetuble cell
by means of which carbon can be extracted from the atmeo.

1 Sketch of Palmobotany in Fifth Aunual Report of U, 8. Geologienl Survey,
1883-84, pp. 363-452, with diagrams. Sir J. William Dawson, apeaking of
the valne of leaves for the determination of foysil plants, says : “In my own
experience I have often found determinations of the leaves of trees confirmed
by the discovery of their fruits or of the structure of their stems. Thus, in
the rich cretaceous plant-beds of the Dunvegan series, we have becch-nuts
associateld in the same bed with leaves referred to Fagus, In the Laramie
beds I determined many years age nuts of the Frape or water-chestnut, and
suhgequently Lesquercux found in beds in the United States Teaves which he
referred to the same genus, Eater, I found in eollections made on the Red Deer
River of Canada my fruits and Lesquereux’s leaves on the sume slub, The
presence of trees of the genera Carya and Juglans in the same formation was
inferred from their leaves, and specimens have since been obtained of silicified
wood with the microscopic structure of the modern butternut, Stil! we ave
willing to admit that determinations from leaves alone are liable to doubt,”—
The Geological Iistory of Plants, p. 196.
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sphere and fixed in the solid state. These great beds of
graphite, therefore, imply the existence of alundance of
vegetable life at tho very commencement of the era of which
we have any geological record.!

TFerns, us already stated, begin in the Middle Silurian forma-
tion with the Kopteris Morrieri.  In the Devonian, we have 79
species, inthe Carboniferons 627, und inthe Permian 1886 species;
after which fossil ferns diminish greatly, though they are
found in every formation ; and the fact that fully 3000 living
spectes are known, while the richest purtion of the Tertinry in
fossil plants—the Miocene—has only produeed 87 species, will
gerve to indicate the extreme imperfeetion of the geological
record,

The Equisetacear (horsetails) which also first uppear in
the Silurian and reach their maximum development in the
Coal formation, are, in all succeeding formations, far less
numercns than ferns, and only thirty living speeies are known.
Lycopodiacew, though still more abundant in the Coal form-
ation, are very rarely found in any succceding deposit, though
the living species are tolerably numerous, about 500 having
been deseribed.  As we cannot suppose them to have really
diminished and then inereased again in this extraordinary
manner, we have another indication of the exceptional nature
of plunt preservation and the extreme and erratic character of
the imperfection of the record.

Passing now to the next higher division of plants—the
gymnosperms—we find Coniferse appearing in the Upper
Silurian, becoming tolerably abundaunt in the Devonian, and
resching a maximum in the Carboniferous, from which form-
ation more than 300 species are known, equal to the
number recorded as now living,  They ocenr in all suceeeding
formations, being abundant in the Oolite, and ecxcessively so
in the Mioeene, from which 250 species have been described.
The allied family of gymnosperms, the Cycadaces, first appear
in the Carbouiferous era, but very scantily ; are most abundant
in the Oolite, from which formation 116 species are known,
and then steadily diminish to the Tertiary, although there are
seventy-five living specics.

We now come to the true flowering plants, and we first

1 8ir J. William Dawson's Geoleyical History of Plants, p. 18,
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meet with monocotyledons in the Carboniferous and Permian
formations. The character of these fossils was long disputed,
but iz now believed to be well established ; and the sub-
class continues to be present in small numbers in all succeeding
deposits, becoming rather plentiful in the Upper Cretaccous,
and very abundant in the Kocene and Miocene, TIn the latter
formation 272 species have been discovered ; but the 116
species in the Eocene form a lurger proportion of the total
vegetation of the period.

True dicotyledons appear very much later, in the Cretaccous
period, and only in its npper division, if wo except a single
speeies from the Urgonian beds of Greenland. The remark-
able thing is that we here find the sub-class fully developed
and in great luxuriance of types, all the three divisions—
Apetalz, Polypetalwe, and Gamopetalie—heing represented, with
a total of no less than 770 specics.  Among them are such
familiar forms as the poplar, the birch, the beech, tha sycamore,
and the oak; as well as the fig, the true laurel, the sassafras,
the persimmon, the maple, the walnut, the magnolia, and even
the apple and the plum tribes. Passing on to the Tertiary
period the numbers increase, till they reach their maximum
in the Miocene, where more than 2000 species of dicoty-
ledons have been discovered. Among these the proportionate
number of the higher gamopetal has slightly increased, but
is considerably less than at the present day.

Possible Cuuse of sudden lote Appearance of Exogens.

The sudden appearance of fully developed exogenous
flowering plants in the Cretaceous period is very analogous to
the equally sudden appearance of all the chief types of
placental mammalia in tho Focene; and in both cases we
must feel sure that this suddenness is only apparent, due to
unknown conditions which have prevented their preservation
{or their discovery) in earlier formations. The case of the
dicotyledonous plants is in some respects the most extra-
ordinary, because in the earlier Mesozoic formations we appear
to have a fair representation of the flora of the period,
including such varied forms as ferns, equisctums, cycads,
conifers, and monocotyledons. The only hint at an explana-
tion of this anomaly has been given by Mr. Ball, who supposes
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that all these groups inhabited the lowlands, where theroc was
not only excessive heat and moisture, but also a super-
abundance of carbonic acid in the atmospherc—conditions
under which these groups had been developed, but which
were prejudicial to the dicotyledons.  These latter are
supposed to have originated on the high table-lands and
mountain ranges, in a rarer and drier atmosphere in which
the quantity of carbonic aeid gas was much less; and any
deposits formed in lake beds at high altitudes and at such a
remoto epoch have heen destroy cd by denudation, and hence
we have no reeorid of their existence.!

During s few weeks spent recently in the Rocky Mountains,
[ was smuuk by the great scarcity of monocotyledons and
ferns in comparison \nth dicotyledons—a  scarcity due
apparently to the dryness and rarity of the atmosphero
favouring the higher groups. 1f we compare Coulter's Locky
Mountain Bolany with Gray’s FBotawy of the Novthern {Eust)
United Stules, we have two areas which differ chiefly in the
points of altitnde and atmospheric moisture.  Unfortunately,
in neither of these works are the specics consecutively
numbered ; hut by taking the - pages occeupied by the two
divisions of dicotyledons on the one hand, monocotyledons
and ferns on the other, we can obtain a good approximuation.
In this way we find that in the flora of the North-Eastern
States the monocotyledons and ferns are to the dicotyledons in
the proportion of 45 to 100; in the Rocky Mountaing they
are in the proportion of only 34 to 100 ; while if we take an
exclasively Alpine flora, as given by Mr, Bull, there are not
one-fifth as many monocotyledons as dicotyledons. These
facts show that even at the present day elevated plateaux
and mountaing are more favourable to dicotyledons than to
monocotyledons, and we may, therefore, well supposo that the
former originated within such clevated areas, and were for
long ages eonfined to them. It is interesting to note that their
richest early remains have been found in the central regions
of the North American continent, where they now, proportion-
ally, most abound, and where the conditions of altitude and a
dry atmosphere were probably present at a very early period.

1 #QOn the Origin of the Florn of the Earopean Alps,” Proc. of Roy. Geog.
Soriety, vol, i, (1879), pp. b64.588.
2p
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The diagram (Fig. 34), slightly modified from one given
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by Mr. Ward, will illustrate our present knowledge of the

development of the vegetable kingdom in geological time,
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The shaded vertical bands exhibit the proportions of the fossil
forms actuslly discovercd, while the outline extensions are
intended to show what we may faitly presume to have been
the approximate periods of origin, and progressive increase of
the number of species, of the chief divisions of the vegetable
kingdom. These seem to aceord fuirly well with their respec-
tive grades of development, and thus offer no obstacle to the
acceptance of the belief in their progressive evelution.

Geological Distrilattion of Insecls.

The marvellous development of insects into snch an endless
variety of forns, their extreme speeinlisation, and their adapta-
tion to almost cvery possible condition of life, wonld almost
necessarily imply an extreme antignity.  Owing, however, to
their small size, their lightness, and their usually serial habits,
no class of animals has been so seantily preserved in the
rocks ; and it is only recently that the whole of the scattered
materfal relating to fossil insects and their allies have heen
brought together by Mr. Samuel H. Seudder of Boston, and
we have thus learned their bearing on the theory of evolution.!

The most striking fact which presents itself on a glance at
the distribution of fossil insects, is the completeness of the
representation of all the chief types far back in the Secondary
peried, at which time many of the existing families appear to
have been perfectly differentiated. Thus in the Lias we find
dragonflies “apparently as highly speciulised as to-day, no
lesz than four tribes being present.” Of beetles we have
undoubted Curcnlionidee from the Lias and Trias ; Chrysome-
lidee in the samo deposits; Cerambycide in the Oolites;
Scarnbwide in the Lins; Buprestide in the Trias; Elaterida,
Trogositide, and Nitidulide in the Lias; Staphylinidwe in the
English Purbecks; while Hydrophiliday, Gyrinidie, and Carabidee
occur in the Lias. All these forms are well represented, but
there are many other families doubtfully identified in equally
ancient rocks. Diptera of the families Empide, Asilide,
and Tipulidee have been found as far back as the Lias
Of Lepidoptera, Sphingida and Tineidw bave been found

1 gystematic Review of our Present Knowledge of Fossil Tnsects, including
Myrinpods and Arachuids (Bull. of U. 8. Geol. Swrvey, No. 81, Washington,
1384).
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in the Oolite ; while ants, representing the highly specialised
Hymenoptera, have occrrred in the Purbeck and Lias,

This remarkable identity of the families of very ancient
with those of cxisting insccts is quite comparable with the
apparently sudden appearance of existing genera of trees in
the Cretaceons epoch,  In Dhoth eases we feel ecrtuin that we
must go very much farther back in order to find the ancestral
forms from which they were developed, and that at any
moment some fresh discovery may revolutionise our ideus as
to the antiquity of certain groups. Such a discovery was
made while Mr. Sendder's work was passing through the press.
Up to that date all the existing orders of true insccts appeared
to have originated in the Trias, the alleged moth and heetle of
the Coul formution having been incorrectly determined,  But
now, nndoubted remains of beetles have been found in the Coal
measures of Silesia, thus supporting the interpretution of the
borings in carboniferous trees us having heen made hy insects
of this order, and earrying hack this highly specialised form of
insect life well into Palwozoic times.  Such a discovery renders
all speculation as to the origin of trie insects premature,
because we may feel sure that all the other orders of insects,
except perhaps hymenoptera and lepidoptera, were contempo-
raneons with the highly specialised beetles.

The less highly organised terrestrial arthropoda—=the
Arachnida and Myriapoda—are, as might bo expected, much
more anctent. A fossil spider has been found in the Carboni-
ferous, and scorpions in the Upper Silurian roeks of Scotlnd,
Sweden, and the United Stautes.  Myriapoda have been fonnd
abundantly in the Carboniferous and Devonian formations
but all are of extinet orders, exhibiting a more generalised
structure than living forms.

Much more extraordinary, however, is the presence in the
Palxcozoic formations of ancestral forms of true insects, termed
by Mr. Seudder Pulwodictyoptera. Thoy consist of general-
ised cockroaches and walking-stick inscets {Orthopteroidea) ;
anclent mayflies and allicd forms, of which thero are six
families and more than thirty gencra (Neuroptercidea) ; three
genera of Hemipteroidea resembling various Homoptera and
Hemiptera, mostly from the Carboniferous formation, a few
from the Devonian, and one ancestral cockroach (Palzoblattina)
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from the Middle Silurian sandstone of Franee. 1f this
occurrence of o trne hexapod insect from the Middle Silurian
be really ecstablished, taken in connection with the well-
defined Coleoptera from the Carboniferous, the origin of the
entire group of terrestrial arthropoda is necessarily thrown
hack into the Cambrian epoch, if not earlier.  And this cannot
be eonsidered improbable in view of the highly differentiated
land plants—{ferns, equisetums, and lycopods—in the Middie or
Lower Silurian, and even a conifer {Cordaites Robbii} in the
Upper Silarian ; while the beds of graphite in the Laurentian
were prohably formed from terrestrinl vegetation.

On the whole, then, we may alfirm that, although the
geologieal record of the insect life of the earth is exceptionally
imperfect, it yet decidedly supports the evolution hypothesis.
The most: specialised order, Lepidoptera, i3 the most recent,
only dating back to the Oolite ; the Ilymenoptera, Diptera,
and Homoptera go as far as the Lias; while the Ovthoptera
and Neuroptera extend to the Trins.  The recent discovery of
Coleoptera in the Carboniferous shows, however, that the
preceding limits are not absolute, and will probably soon be
overpassed. Only the more gencralised ancestral forms of
winged insects have been traced back to Silurian time, and
along with them the less highly organised scorpions; facts
which serve to show us the extreme imperfection of our
knowledge, and indicute possibilitics of a world of terrestrial
life in the remotest Palwozoic times.

Geological Succession of Ferdeliatu.

The lowestforms of vertehratesarothe fishes, and these appear
first in the geological record in the Upper Silurian formation.
The most ancient known fish is a Pteraspis, one of the buck-
lered ganoids or plated fishes—hy no means a very low type
—allied to the sturgeon (Accipenser) and alligator - gar
{Lepidosteus), but, as a group, now nearly extinct. Almost
cqually ancient are the sharks, which under various forms
still abound in our seas. We cannot suppose these to be nearly
the earliest fishes, espocially as the two lowest orders, now
represented by the Amphioxus or lancelet and tho lamproys,
have not yct boen found fossil. The ganoids were greatly
doveloped in the Devonian era, and continued till the
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Cretuceous, when they gave way to the truo osseous fishes,
which had fivst appeared in the Jurassic period, and have con-
tinued to increase till the present day. This much later
appearance of the higher ossecus fishes is quite in accordanco
with evolution, although some of the very lowest forms, the
Iancelet and the lampreys, together with the archaic ceratodus,
have survived to our time,

The Amphibia, represented hy the extinet labyrinthodons,
appear first in the Carboniferous rocks, and these peculiar forms
became extinet early in the Secondary period.  The labyrin-
thodons were, however, highly specialised, and do not at all
indicate the origin of the class, which may be as ancient as tho
lower forms of fishes. Hardly any recognisable remains of our
existing groups—the frogs, toads, and salamanders—are found
before the Tertiary period, o fact which indieates the extremo
imperfection of the record as regards this class of animals.

True reptiles have not been found till we reach the Per-
mian where Prohatteria and Proterosaurus oceur, the former
closely allied to the lizard-like Sphenodon of New Zealand,
the latter having its nearest allies in the same group of
reptiles—Rhyncocephala, other forms of which occur in the
Trias. In this last-named formation the earlicst crocodiles—
Phytosaurus {Belodon} and Stagonolepis occur, as well as the
earliest tortoises—Chelytherium, Proganochelys, and Psepho-
derma.! Fossil serpents have been first found in the Cre-
taceous formation, but the conditions for the preservation of
these forms have evidently heen unfavourable, und the record
13 correspondingly incomplete. The marine Plesiosauri and
Ichthyosauri, the flying Pterodactyles, the terrestrial Iguan-
odon of Hurope, and the huge Atlantosaurus of Colorudo—
the largest land animal that has ever lived upon the earth *—
all belong to special developments of the reptilian type which
flourished during the Secondary epoch, and then became
extinet.

* For the facts ag to the early appearance of the ahove named groups of
reptiles I ain indebted to Mr, R, Lydekker of the Geological Department of
the Natural History Museum.

2 According to Professor Marsh this creature was 50 or 60 feet long, and
when erect, at least 30 fect in beight, It fed upon the folinge of the
mountain forests of the Cretaceous epoch, the remaina of which are preserved
with it.
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Birds are among the rarest of fossils, due, no doubt, to their
aerial habits removing them from the ordinary dangers of
flood, bog, or ice which overwheln mammals and reptiles, and
also to their small specific gravity which keeps them floating
on tho surfuce of water till devoured.  Their remains were long
confined to Tertiary deposits, where many living genera and
a few extinet forms have been found. The only birds yet
known from the older rocks are the toothed Virds (Odontor-
nithes) of the Crutaceous beds of the United States, belong-
ing to two distinet families and many genera; a penguin-like
form (Enaliornis) from the Upper Greensand of Cambridge ;
and the well-known longtailed Arehmxopteryx frem the Upper
Oolite of Bavaria. The record is thus imperfect and fragment-
ary in the extremo; but it yet shows us, in the few birds dis-
covered in the older rocks, more primitive amd generalised
types, while the Tertiary birds had already become specialised
like those living, and had lost both the teeth and the long
vertebral tail, which indicate reptilian aflinities in the earlier
ages.

Mammalia have been found, as already stated, as far back
as the Trias formation, in Europe in the United States and
in South Africa, all being very small, and belonging either
to the Marsupinl order, or to some still lower and more
generalised type, out of which hoth Marsupials and Insectivora
were developed,  Other allied forms have been found in the
Lower and Upper Oolite both of Furope and the United States,
But there is thon a great pap in the whole Cretaccous
formation, from which no mammal has been cobtained, although
both in the Wealden and the Upper Chalk in Europe, and in
the Upper Cretaccous deposits of the United States an
abundant and well-preserved terrestrial flora has heen dis-
covered. Why no mammals have left their remains here it is
impossible to say. We can only suppose that the limited
areas in which land plants have been so abundantly preserved,
did not present the conditions which are nectled for the fossil-
isation and preservation of mammalian remains,

When we come to the Tertinry formation, we find maramals
in abundance ; but a wonderful chango has taken place. The
obscure early types have disappeared, and we discover in their
placo a whole sories of forms helonging to existing orders,
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and even sometimes to existing families. Thus, in the Eocene
we have remains of the opossum family; bats apparently
belonging to living genera; rodents allied to the South
American cavies and to dormice and squirrels; hoofed animals
belonging to the odd-toed and even-toed groups; and an-
cestral forms of cats, civets, dogs, with & number of more
generalised forms of carnivora. Besides these there are
whales, lemurs, and many strange ancestral forms of pro-
boscidea.?!

The great diversity of forms and stiuctures at so remoto
an cpoch would require for their development an amount of
time, which, judging by the changes that have occurred in
other groups, would carry us back far into the Mesozoic
period.  In order to understand why we have no record of
thesa changes in any part of the world, we must fall back
gpon some such supposition as we made in the case of the
dicotyledonous plants. Perbaps, indeed, the two casea are
really connected, and the upland regions of the primeval world,
which saw the development of our higher vegetation, may
have also afforded the theatre for the gradual development
of the varied mammalian types which surprise us by their
sudden appearance in Tertiary times.

Notwithstanding these irregularities and gaps in the record,
the accompanying table, summarising our actual knowledge of
the geological distribution of the five classes of vortehrata,

GEOLOGICAL DISTRIBUTION OF MAMMALIA.
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1 For fuller details, see the anthor's Geographicul Distribution of Animals,
and Heilprin's Geographical and Geological Distribution of Animals.
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exhibits a steady progression from lower to higher types,
excepting only the deficiency in the Dird record which is
casily explained.  The comparative perfeetion of type in
which each of those classes first appears, renders it cortain that
the origin of each and all of them nmst be songht much
farther back than any records which have yet been discovered.
The rescarches of palwontoloyists and embryologists indieato
o reptilian origin for Lirds and mammals, while reptiles and
amphibia arose, perhaps independently, from tishes.

Concluding Remarks.

The hrief review we huve now taken of the more suggestive
facts presented by the geological succession of organic forms,
is sufficient to show that most, if not all, of the supposed
difficulties which it presents in the way of evolution, are due
either to imperfections in the geological record itself, or to our
still very incomplete knowledge of what is really recorded in
the earth’s ernst.  We learn, however, that just as discovery
progresses, gaps are filled up and difficulties disappear ; while,
in the case of many individual groups, we have already
obtained all the evidence of progressive development that can
reasonably be expected. We conclude, thercfore, that the
geological diffieulty has now disappeared ; and that this noble
scienee, when properly understood, affords clear and weighty
evidence of evolution.



CHAPTER XIV

FUNDAMENTAL PROBLEMS IN RELATION TO VARIATION
AND HEREDITY

Fundumental difficulties and objections—Mr, Herbert Spencer’s factors
of organie evolution—Disuse and effiets of withdrawal of natnral
selection—Supposed cffects of disuse among wild animals—Difliculty
as to co-adaptation of parts by variation aud selection—Dircet action
of the environment—The Ainerican school of evolutionists—Origin
of the feet of the ungulates—Suppoesed action of animal intelligence—
Semper on the direct influence of the envirenment—I"rofessor Geddes's
theory of variation in plants—Objections to the theory—On the
origin of spines—Variation and sclection overpower the effects of use
and disuse—Supposed action of the environment in jsitating varia-
tions—Weismann's theory of heredity—The eauso of variation—The
non-heredity of acquired characters—The theory of instinet—Con-
cluding remarks.

Having now set forth and illustrated at some length the
most important of the applications of the development
hypothesis in the explanation of the Dbroader and more
generally interesting phenomena presented by the organie
world, we propose to discuss some of the more fundamental
problems and difficulties which have recently been udduced
by eminent naturalists. It is the more nccessary to do this,
beeause there is now a tendency to minimise tho action of
natural selection in the production of erganic forms, and to
set up in its place certain fundamental principtes of variation
or laws of growth, which it is urged are the real originators
of the several lines of development, and of most of the variety
of form and structure in the vegetablo and animal kingdoms.
These views have, moreover, been secized upon by popular
writers to throw doubt and discredit on the whole theory of
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ovolution, and especially on Darwin’s presentation of that
theory, to the bewilderment of the general public, who are
quite unable to decide how far the new views, even if well
established, tend to subvert the Darwinian theory, or whether
they are really more than subsidiary parts of it, and quite
powerless without it to produce any effect whatever.

, The writers whose special views we now propose to
consider are: (1) Mr. Herbert Spercer, on modifieation of
structures arising from modification of functions, as set forth
in his Fuclors of Orgunic Evolution. (2} Dr. E. D. Cope, who
advocates similar views in detail, in his work entitled %
Origin of the Fittest, and may be considered the head of a
school of American naturalists who minimise the agency of
natural selection. (3) Dv. Karl Semper, who has especially
studied the direct influence of the environment in the whole
animal kingdom, and has set forth his views in a volume on
The Nutural Conditions of Eristence as they Affect Andmal Life.
(4) Mr. Patrick Geddes, who urges that fundamental laws of
growth, and the antagonism of vegetative and reproductive
forces, account for much that has been imputed to natural
sclection.

We will now cendeavour to ascertain what are the more
important facts and arguments adduced by cach of the above
writers, and how far they offer a substitute for the action of
natural sclection ; having done which, a hrief account will be
given of the views of Ir. Aug. Weismann, whose theory of
heredity will, if established, strike at the very root of the
arguments of the first three of the writers above referred to.

My, Herberd Spencer’s Factors of Organic FKrolution.

Mr, Spencer, while fully recognising the importance and
wide range of the principle of natural selection, thinks that
sufficient weight has not been given to the effects of use
and disuse as a factor in evolution, or to the direct action
of the environment in determining or medifying organie
structures. As examples of tho former class of actions, he
adduces tho decressed size of the jaws in the civilised races
of mankind, the inheritance of nervons disease produced by
overwork, tho great and inherited development of the udders
in cows and goats, and the shortened legs, jaws, and snout in
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improved races of pige—the two latter examples being quoted
from Mr. Darwin,—and other cases of like nuture. As
examples of the latter, Mr. Darwin is again quoted as
admitting that there are many cases in which the action of
similar conditions appears to have produced corresponding
changes in diffcrent species; and we have a very elaborate
discussion of the direct action of the medium in modifying the
proteplasm of simple organisms, so as to bring about the
difference between the outer surface and the inner part that
characterises the cells or other units of which they are formed.

Now, although this essay id little move than bring together
facts which had been already adduced by My, Darwin or by
Mr. Spencer himself, and lay stress upon their importance, its
publication in a popular review was immediately seized upon
as “an avowed and definite declaration against some of the
leading ideas on which the Mechanical Philesophy depends,”
ond as being “fatal to the adequacy of the Mechanieal
Philosophy as any cxplanation of organic evolution,”'—an
expression of opinion which would he repudiated by every
Darwinian. For, even admitting the interpretasion which Mr.
Spencer puts on the facts he addnees, they are all included in
the causes which Darwin himself recognised as having acted
in bringing about the infinitide of forms in the organic world.
In the concluding chapter of the Origin of Species he suys:
“T have now recapitulated the facts and considerations which
have thoroughly convineed me that species have been modified
during a long course of descent. This has been cffected
chiefly through the natural selection of numerous successive,
slight, favourable variations; aided in an important manner
by the inherited effects of the use and disuse of parts; and
in an unimportant manner—that ig, in relation to adaptive
structurcs whether past or present, by the direct action of
external conditions, and by variations which scem to us, in
our ignorance, to arise spontaneously.” This passage, sum-
marising  Darwin's whole inquiry, and explaining his final
point of view, shows how very inaccurate may he the popular
notion, as expressed by the Duke of Argyll, of any supposed
additions to the causcs of change of specics as recognised
by Darwin.

! Hee the Duke of Argyll's letter in Nufure, vol, xxxiv. p. 336,
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But, as we shall sec presently, there is now much reason
to believe that the supposed inheritance of acquired modifica-
tions—that s, of the effcets of use and disuse, or of the direet
influence of the environmunt—is not a fact ; and if so, the very
foundation is taken away from the whole elass of ohjections
on which so much stress is now laid. 1t therefore becomes
important to inquire whether the facts addnced by Darwin,
Spencer, and others, do veally necessitate such inheritance, or
whether any othor interpretation of them is possible. 1
believe there is such an interpretation; and we will first
consider the cases of disuse on wlhich Mr. Spencer lays most
stress,

The cases Mr. Spencer adduces ns demoenstrating the effects
of disuse in diminishing the size and strength of organs are,
the diminished size of the juws in the races of civilised men,
and the diminution of the muscles used in cloging the juws in
the case of pot-dogs fod for generations on soft food. e
argues that the mmute reduction in any one generation could
not possibly have been useful, and, therefore, not the subject
of natural selection ; and against the theory of correlation of
the diminished jow with increased brain in man, he urges that
there are cases of large brain development, accompanied by
jaws above the average size. Against the theory of economy
of nutrition in the case of the pet-dogs, he places the abundant
food of these animals which would render such cconomy need-
less.

But neither he nor Mr. Darwin has considered tho effects
of the withdrawal of the action of nataral selection in keep-
ing up the parts in question to their full dimensions, which,
of itsclf, scems to me quito adequate to produce the results
observed. Recurring to the evidence, adduced in Chapter 11,

“ of the constant variation oceurring in all parts of the organism,
while selection is constantly acting on these variations in
climinating all that fall below the best working standard, and
preserving only those that are fully up to it; and, remembering
further, that, of the whole number of the increase produced
annually, only a small percentage of the best adapted ean be
preserved, we shall seo that every usefnl organ will be kept
up nearly to its higher limit of size and cfficiency. Now Mr.
Galton has proved cxperimentally that, when any part has
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thus been increased (or diminished) by selection, there is in
the offspring a strong tendency to revert to a mean or average
size, which tends to check further increase. And this mean
appears to he, not the mean of the actual existing individuals
but a lower mean, or that from which they had been recently
raised by selectionl He calls this the law of “Regression
towards Mediocrity,” and it has been proved by experiments
with vegetables and by observations on mankind. This regres-
sion, in every generation, takes place even when hoth parents
have been selected for their high development of the organ in
question ; but when there is no such seclection, and crossea are
allowed among individuals of every grade of development, the
deterioration will he very rapid; and after a time not only
will the average size of tho part be greatly reduced, but the
instances of full development will hecome very rare. Thus
what Weismann terms “panmixia,” or freo intererossing, will
co-operate with Galton’s law of “regression towards mediocrity,”
and the result will he that, whenever sclection ceases to act on
any part or organ which has heretofore been kept up to a
maximum of size and efficiency, the organ in guestion will
rapidly decrease till it reaches a mean valus considerably
below the mean of the progeny that has usually been produced
each year, and very greatly below the mean of that portion
which has survived annually ; and this will take place by the
general law of heredity, and quite irrespective of any use or
disuse of the part in question. Now, no observations have been
adduced by Mr. Spencer or others, showing that the average
amount, of change supposed to be due to disuse is greater than
that due to the law of regression towards mediocrity ; while
even if it were somewhat greater, we can see many possible
contributory causes to its production. In the case of civilised
man’s diminished jaw, there may well be some correlution
between the jaw and the brain, sceing that inereased mental
activity would lead to the withdrawal of bloed and of nervous
energy from adjacent parts, and might thus lead to diminished
growth of those parts in the individual. And in the case of
pet-dogs, the selection of small or short-headed individuals
would imply the unconscious selection of those with less
masgive temporal muscles, and thus lead to the concomitant
Y Journal of the Anthropological Institute, vol, xv. pp. 246-260,
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reduction of those muscles. The amount of reduction chserved
by Darwin in the wing-bones of domestie ducks and poultry,
and in the hind legs of tame rabbits, is very small, and is
certainly no greater than the above causes will well account
for; while so many of the external characters of all our
domestic animals have been subject to long-continued artificial
selection, and we are so ignorant of the possible correlations
of different purts, that the phenomena presented by them
seem sufficiently explained without recurrence to the assump-
tion that any changes in the individual, due to disuse, are
inherited by the offspring,

Supposed Bffects of Disuse among TWild Animals.

It may be urged, however, that among wild animals we have
many undoubted results of distise mnch more pronounced than
those among domestic kinds, resalts which cannot he explained
by the canses already adduced.  Such are the reduced size of
the wings of many birds on oceanic islands; the abortion of
the eyes in many cave animals, and in some which live under-
ground ; and the loss of the hind limbs in whales and in some
lizards. These cases differ greatly in the amount of the re-
duction of parts which has taken place, and may he due to
different canses, It is remarkable that in some of the birds of
occanic islands the reduction is little if at all greater than in
domestic hirds, as in the water-hen of Tristan ’Acunha. Now
if the reduction of wing were due to tho hereditary effects of
disuse, we should expect a very mueh greater effect in a bird
inhabiting an oceanic istand than in a domestic bird, where the
disuse has been in action for an indefinitely shorter period.
In the case of many other birds, however—as some of the New
Zealand rails and the extinet dodo of Mauritins—the wings
have beon reduced to a much more rudimentary condition,
though it is still obvious that they were once organs of fight;
and in these cnses we certainly require some other causes than
those which have rcduced the wings of our domestic fowls.
One such cause may have been of the samo nature as thay
which has heen so efficient in reducing the wings of the inseets
of oceanic islands—the destruction of those which, during the
occasional use of their wings, were carried out to sea. This
form of natural selection may well have acted in the case of
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birds whose powers of flight were alrcady somewhat reduced,
and to whom, there being no enemies to escape from, their use
was only a source of danger. 'We may thus, perhaps, account
for the fact that many of these birds retain small but wseless
wings with which they never fty ; for, the wings having been
reduced to this fanctionless condition, no power could reduce
them further except correlation of growth or cconomy of
nutrition, causes which only rarely come into play.

The complete loss of eyes in some cave animals may,
perhaps, be explained in o somewhat similar way. When-
ever, owing to the total darkness, they became uscless, they
might also beeome injurions, on account of their delicacy of
organisation and liability to accidents and disense; in which
case natural selection would begin to act to reduce, and finally
abort them ; and this cxplains why, In some euses, the rudi-
mentary eye remains, although completely covered by a pro-
tective outer skin. Whales, like mous und cassowaries, carry
us back to a remote past, of whose conditions we know too
little for sufe speculation. We are quite ignorant of the ances-
tral forms of either of these groups, and are therefore withont
the materials needful for determining the steps by which the
change took place, or the causes which brought it about.?

On & review of the various examples that have been given
by Mr. Darwin and others of organs that have been reduced
or ahorted, there seems too much diversity in the results for
all to be due to so direct and uniform a cause as the individual
effects of disuse accumulated by heredity. For if that were
the only or chief efficient cause, and a canse capable of pro-
dueing a decided effect during the comparatively short period

1 The idea of the non-heredity of acquired variztious wus suggested by
the suminary of Professor Weismann's views, in Nature, referred to later on,
But stuce this chapter was written I have, through the kindness of Mr. E, B,
Poulton, scen some of the proofy of the forthcoming translation of Weismunn's
Essays on Heredity, in which ke scts forth an explanation very similar
to that here given. Ou the diflicult question of the almost entire disap-
pearance of organs, as in the limbs of snakes and of some lizards, e adduces
“a certain form of correlation, which Roux calls *the struggle of the parts in
the organism,’ ™ a9 playing an important part.  Atrophy following disuse is
nearly nlways attended by the corresponding increase of eiher organs @ blind
animals possess snore developed organs of touch, hearing, and smell ; the loss
of power in the wings is accompanied by inereased strengih of the legs, ete,
Now as these lutter charncters, being useful, will be selected, it is easy to
understand that « congenital incrense of these will be accompuniod by a cor
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of the existence of animals in a state of domestication, we
should expect to find that, in wild specics, all unused parts or
organs had been reduced to the smallest rudiments, or had
wholly disappeared. Instead of this we find various grades
of reduetion, indicating the probable result of several distinct
causes, sumetimes acting separately, sometimes in combination,
sich as those we have alrcady pointed out,

And if we find no positive evidence of disuse, acting by its
direct efiect on the individual, being transmitted to the ofispring,
still loss can we find such evidence in the case of the use of
organs.  For here the very fact of use, in o wild state, implies
ufility, and utility is the constant subject for the action of
natural selection ; while among domestic animals those parts
which are exceptionally used are so used in the service of man,
and have thus become the subjects of artificial selection.
Thus “the great and inherited development of the udders in
cows and goats,” yuoted hy Spencer from Drarwin, really affords
no proof of inheritance of the increase due to use, beeause,
from the earlicst period of the domestication of these animals,
abundant milk-production has been highly esteemed, and has
thus been the subject of selection ; while there are no cases
among wild ammals that may not be better cxplained by
variation and mtural selection,

Difficnlty as to Co-adaplation of Parts by Paviation and Selection.

Mr. Sponcer again brings forward this difficulty, as he
lid in his Principles of DBiology twenty-five years ago, and
arges that all the adjustments of hones, muscles, blood-vessels,
and nerves which would be required during, for example, the
lovelopment of the neck and fore-limbs of the giraffe, could

-esponding congenital dimination of the unused organ ; and in cases where
:he meana of nutrition are deficient, every diminution of these nseless parts
will ba a gain to the whale organizm, and thus their complete disappearance
will, in some cases, be bronglt about directly by natoral selection. This
sorrespondds with what we know of these rdimentury orgaus, .

It nust, however, ba pointed out that the non-heredity of acquired char.
weters was maintained by Mr, Francis Gaiton were than twelve years ago, on
heoretica] considerations almost ilentien) with those urged by Professor Weis-
nenn 4 whila the insufliciency of the evidence for their hereditary trans-
nission waz shown, by similar arguments to those used above and in the work
i Professor Weismann already roferred to (see A Theory of Heredity,” in
Tourn. Anthrap, Instit., vol. v. pp. 343-345).

25
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not have been cffected by * simultaneous fortunate spontaneous
variations.” But this difficulty is fully disposed of by the
facts of simultancous variation adduced in our third chapter,
and has also heen specially considered in Chapter VI, p. 127,
The best auswer to this objection may, perhaps, be found in
the fact that the very thing said to be impossible by variation
and natnral seleetion has been again and again effected by
variation and artificial selection.  During the process of forma-
tion of such breeds as the greyhonnd or the hulldog, of the
race-horse and cart-horse, of the fantail pigeon or the otter-
sheep, many co-ordinate adjustments have been produced ; and
no difficulty has oecurred, whether the change has heen effected
by a single variation—as in the last case nanmoed—or by slow
stepg, as inall the others, It seems to be forgotten that moat
animals have such a surplus of vitality and strength for all the
ordinary oceasions of life that any slight superiority in one
part cant be at onee utilised ; while the moment any want of
halance occeurs, variations in the insnfficiently developed parts
will be selected to bring back the harmony of the whole
organisation, The fact that, in all domestic animals, variations
do oceur, rendering them swifter or stronger, larger or smaller,
stouter or slenderer, and that such variations cun be separately
gelected and aceumulated for man’s purposes, is sufficient to
render it certain that similar or even greater changes may he
effected by natural selection, which, as Darwin well remarks,
“acts on every internul organ, on every shade of constitu-
tutional difference, on the whole machinery of life.” The
difficulty as to co-udaptation of parts by varintion and natural
selection appears to me, therefore, to be a wholly imaginary
difficulty which has no place whatever in the operations of
nature.

Direct Action of the Environment,

My, Spencer’s last objection to the wide scope given by
Durwinians to the ageney of natural sclection is, that organisms
are aeted upon by the environment, which produces in them
definite changes, and that these chuanges in the individual are
transmitted by inheritance, and thus become increased in
successive generations, That such changes are produced in
the individual there is ample evidence, hut that they are in-
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herited independently of any form of selection or of reversion
is exceedingly doubtful, and Darwin nowhere expresses him-
self as satisfied with the evidence. The two very strongest
rases he mentions are the twenty-nine species of Ameriean
trees whicl all ditfored in a corresponding way from their
nearcst Furopcan allies: and the Ameriean maize which
hecame changed after three generations in Ewrope. But in
the euse of the trees the differences alleged may be partly due
to correlation with constitutional peenbiarities dependent on
climate, especially as vegurds the deeper tint of the fading leaves
and the smaller size of the buds and seeds in Ameriea than in
Furope ; while the less deeply toothed or serrated leaves in the
American species are, in our present complete ignorance of the
causes and uses of serration, quite as likely to be due to some
form of adaptation us to any direct action of the climate,
Agnin, we are not told how mimy of the allied species do not
vary in this particular manner, and this is certainly an im-
portant factor in any conclusion we may form on the guestion.

In the case of the maize it appeurs that one of the more
remarkable and highly seleeted American varicties was culti-
vated in Germany, and in three years nearly all resem-
blance to the original parent was lost; and in the sixth year
it closely resembled a eommon European variety, but was of
somewhat more vigorons growth. In this case no selection
appears to have been practised, and the cffects may have been
due to that * reversion to medioerity ” which invariably oceurs,
and is more especially marked in the case of varicties which
have been rapidly produced by artificial selection. 1t may be
vonsidered as a partial reversion to the wild or nnimproved
stock ; and the same thing would probably have occurred,
though perhaps less rapidly, in America itself.  As this is
stuted by Darwin to e the most remarkablo case known to
him “of the direct and prompt action of climate on a plant,”
we mnst conclude that such direct effects have not been proved
to be accumulated by inheritance, independently of reversion
or selection.

'The remmining part of Mr. Spencer’s essay is devoted
to a consideration of the hypothetical action of the environ-
ment on the lower organisms which consist of simple cells or
formless masses of protoplasm; and he shows with great
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elaboration that the outer and inner parts of these arc
necessarily subject to different conditions ; and that the onter
actions of air or water lead to the formation of integuments,
and sometimes to other definite modifications of the surface,
whence arise permunent differences of structure. Althongh
in these cases also it is very difficult to determine how much
is due to direct modification by external agencies transmitted
and accumulated by inheritance, and how much to spontaneous
variations accumulated by natural selection, the probubilities
in favour of the former mode of action are herc greater,
because there is no differentiation of nutritive and reproductive
cells in these simple organisms; and it can be readily seen
that any change produced in the latter will almost certainly
affect the next generation.! We are thus carried back almost
to the origin of life, and can only vaguely speculate on what
took place under conditions of which we know so little,

The American School of Frolutionists.

The tentative views of Mr. Spencer which we have just dis.
cussed, are carried much further, and attempts have been made
to work them out in great detail, by many American naturalists,
whose best representative is Dr, E. D, Cope of Philadelphia.?
This school endeavours to explain all the chief modifieations
of form in the animal kingdom by fundamental laws of growth
and the inherited effects of use and effort, returning, in fact, to
the teachings of Lamarck as being at least equally important
with those of Darwin.

The following extract will serve to show the high position
claimed by this school as original discoverers, and as having
made important additions to the theory of evolution . —

“Wallace and Darwin have propounded as the cause of
modification in descent their law of natural selection. This
law has been epitomiscd by Spencer as the ‘survival of the
fittest.” This neat expression no doubt covers the case, but it
leaves the origin of the fittest entirely untouched. Darwin
assumes a ‘tendency to variation’ in nature, and it is plainly

! This explunation is derived from Weismaon's Theory of the Continuity
of the Germ-Plasm as summarised in Nafure.

2 8ee o collection of his essays under the title, The Origin of the Fittest :
Fssays on Evolution, D. Appleton and Co. New York., 1887,
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necessary to do this, in order that materials for the excreise
of a selection should exist. Darwin and Wallaee’s Taw is then
only restrictive, directive, conservative, or destruetive of some-
thing already crcated. T propose, then, to seck for the origin-
ative laws by which these subjects are furnished; in other
words, for the eauses of the origin of the fittest.”!

Mr. Cope lays great stress on the existence of a special
developmental force termed “buthmism” or growth-foree,
which acts by means of vetardation and aceeleration “ without
any referonce to fitness at all ;” that “instead of being controlled
by fitness it is the controller of fitness.” He argues that “all
the characteristics of generalised groups from genera up {ex-
cepting, perhaps, families) have been evolved under the law of
aceeleration and retardation,” combined with some intervention
of natural selection ; and that specific characters, or species,
have been evolved by natural sclection with some assistance
from the higher law, 1Je, therefore, makes specics and genera
two absolutely distinct things, the latter not developed out of
tho former ; generic characters and specific characters are, in
his opinion, fundamentaliy different, and have had different
origins, and whole groups of species have been simultanecusly
modified, so as to helong to another genus; whenee he thinks
it *highly probable that the same specific form has existed
through a succession of genera, and perhaps in different epochs
of geologic time.”

Useful characters, ho coneludes, have been produced by the
special location of growth-force by use ; useless ones have been
produced by location of growth-forco without the influence of
use.  Another element which determines the direction of
growth-force, and which precedes wuse, is effort; and “it is
thought that effort becomes incorporated into the metaphysical
acquisitions of the parent, and is inherited with other meta-
physical qualitics by tho young, which, during the period of
growth, is much more susceptible to modifying influences, and
is likely to exhibit structural change in consequence.” *

From these fow examples of their teachings, it is clear that

1 Origin of the Fittest, p. 174,

3 Jiid, p. 28, It mey be here noted that Darwin found these theories
uninteligille. Tn a leiter to Professor E. T. Morse in 1877, he writes:
“There is sne point which I regret you did not make clear in your Ad-
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these American evolutionists have departed very widely from
the views of Mr. Darwin, and in place of the well-established
causes nnd admitted laws to which ho appeals have introduced
theoretical conceptions which have not yet been tested by
experiments or facts, as well as metaphysical conceptions
which are incapable of proof. And when they come to
illustrate these views by an appeal to paleontology or
morphology, we find that a far simpler and more completo
explunation of the facts is afforded by the estublished prineiples
of variation and natural selection. The confidence with which
these new ideas are enunciated, and the repeated assertion
that without them Darwinism is powerless to expluin the
origin of organic forms, renders it necessary to hestow a little
more time on the explanations they give us of well-known
phenomena with which, they assert, other theories are incom-
petent to grapple.

Asg examples of use produeing structural change, Mr. Cope
adduces the hooked and toothed heaks of the faleons and the
butcher-birds, and he argues that the fact of these birds belong-
ing to widely different groups proves that similarity of use hus
produced a similar structural result.  But no attempt is made
to show any direct causal connection between the use of a bill
to cut or tear Hlesh and the development of a tooth on the
mandible. Such use might coneeivably strengthen the hill
or increase its size, but not cause a special tooth-like outgrowth
which was not present in the ancestral thrush-like forms of
the butcher-bird. On the other hand, it is clear that any
variations of the hill tending towards a hook or tooth would give
the possessor some advantage in seizing and tearing its prey,
and would thus be preserved and increased by natural sclection,
Again, Mr. Cope urges the effects of o supposed “law of polar
or centrifugal growth” to counteract a tendency to un-
symmetrical growth, where one zide of the hody iz used more
than the other. But the undoubted hurtfulness of want of
symmetry in many important actions or functions would
rapidly eliminate any such tendency. When, howover, it has

dress, namely, what is the meaning and importance of Profeasors Cope and
Hyatt's views on acceleration and retardation? [ have eudeavoured, and
given up in despair, the attempt to grasp their meaning’™ (Life und Lelters,
vol, iii, p. 233).
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become useful, as in the case of the single enlarged claw of
many crustacea, it has been preserved hy natural selection,

Origin of the Feet of the Unguluaies,

Perhaps the most original and suggestive of Mr. Copes
applications of the theory of use and effort in modifying
structnre are, his chapters “On the Origin of the Foot-Structure
of the Ungulates ;” and that “ On the Effect of Impacts and
Strains on the Feet of Mamnulia :” and they will serve also
to show the comparative merits of this theory and that of
natural selection in explaining a difficult case of modification,
espeeially as it is an explanation claimed as mew and
original when first enuneciated in 1881, Let us, then, sec
how he deals with the problem,

The remarkable progressive change of a four or five-toed
ancestor into the one-tved horse, and the equally remarkable
division of the whole gronp of ungulate animals into the odd-
toed and cven-toed divisions, Mr. Cope attempts to explain
by the effects of impoact and use among ammaly which
froquented hard or swampy ground respectively. ©On hard
ground, 1t is urged, the long middle toe would be most
used and subjected to the greatest strains, and wonld
therefore acquire hoth strength and development. Tt would
then De still more exclusively used, and the extra nourish-
ment required by it would e drawn from the adjacent less-
used toes, which would accordingly diminish in size, till, after
a long series of changes, the records of which are so well
preserved in the American tertinry rocks, the true one-toed
horse was developed.  In soft or swampy ground, on the other
band, the tendeucy would he to spread out the foot so that
there were two toos on cach side.  The two middle toes
would thus be most used and most subject to strains, and
would, therefore, increase at the expense of the luteral toes.
There would be, no doubt, an advantage in these two func-
tional toes being of equal size, so as to prevent twisting of the
foot while walking ; and variations tending to bring this about
would be advantageous, and would therefore be preserved.
Thus, by a parallel serics of changes in another direction,
adapted to a distinet set of conditions, we should arrive at the
symmetrical divided hoofs of our deer and cattle. The fact.
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that sheep and goats are specially mountain and rock-loving
animals may be explained by their being a later modification,
since the divided hoof once formed is evidently well adapted
to secure a firm footing on rugged and precipitous ground,
although it could hardly have been first developed in such
localities. Mr, Cope thus concludes: * Certain it is that the
length of the Dbones in the feet of the ungulate orders has a
direct. velation to the dryness of the gronnd they inhabit, and
the possibility of speed which their habit permits them or
necessarily imposes on them.” !

If there is any truth in the explanation here briefly
summarised, it must entirely depend on the fact of individual
modifications thus produced being hereditary, and we yet
await the proof of this. In the meantime it is clear that the
very same results could have heen brought about by variation
and natural selection. For the toes, like all other organs,
vary in size and proportions, and in their degree of union or
soparation ; and if in one group of animals it was beneficial to
have the middle toe Iarger and longer, and in another set to
have the two middle toes of the same size, nothing can he
more certain than that these particular modifications wonld
be continuously preserved, snd the very results we sec ulti-
mately produced.

The oft-repeated objections that the cause of variations is
unknown, that there must he something to determine variations
in the right direction; that “natural selection includes no
actively progressive principle, but must wait for the develop-
ment of variation, and then, after securing the survival of the
beat, wait again for the best to project its own variations for
selection,” we have already sufficiently answered by showing
that variation—in abundant or typieal species—is always
present in ample amount; that it exists in all parts and
organs ; that these vary, for the most part, independently, so
that any required combination of variations can he secured ;
and finally, that all variation is necessarily either in excess or
dofect of the mean condition, and that, consequently, the right
or favourable variations are so frequently present thut the
unerring power of natural selection never wants materials to
work upon,

v Origin of the Filtest, p. 374,
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Suppiosed Action of Animad Intelligence.

The following passage briefly summuarises Mr. Cope’s
position :  “Intelligenee is a conservative principle, and
will always direct effort and use into lines which will he
beneficial to its possessor. Here we have the source of the
fittest, ie. addition of parts by increase and location of
growth-foree, directed by the intluence of various kinds of
compulsion in the lower, and intelligent option among higher
animals,  Thus intelligent choice, taking advantage of the
succassive evolution of physieal eonditions, may be regarded
as the originafor of the filtest, while natural selcetion is the
tribunal to which ull results of accelerated growth are sub-
mitted. This preserves or destroys them, and determines the
new points of departure on which accelerated growth shall
build.” 1

This notion of “intelligence "—the intelligenee of the
animal itself—dlctermining its own variation, is so evidently a
very partial theory, inapplieahle to the whole vegetable king-
domy, and almost so to all the lower forms of animals, amongst
which, nevertheless, there is the very same adaptation and
co-ordination of parts and functions as among the highest, that
it is strange to see it put forward with such confidence as
necessary for the completion of Darwin’s theory. T “the
various kinds of compulsion "—hy which are apparently meant
the laws of variation, growth, and reproduction, the struggle
for existence, and the actions necessary to preserve life under
the conditions of the animal’s environment—are sufficient to
have developed the varied forms of the lower animals and of
plants, we can sce no reason why the same “compulsion”
shonld not have carried on the development of the higher
animals also. The action of this “intelligent option” is alto-
gether unproved while the acknowledgment that natural
seloction is the tribunal which cither preserves or destroys the
variations submitted to it, seems qmte inconsistent with the
statement that intelligent choice is tho “mgm.ntox of the
fittest,” since whatover is really “the fittest” can never be
destroyed by natural selection, which is but another name for
the survival of the fittest, If “the fittest” is alwnys definitely

1 Origin of the Fittest, 1. 40,
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produced by some other power, then natural selection iz not
wanted. If, on the other hand, both fit and unfit are produced,
and natural selection decides hetween them, that is pure Dar-
winism, and Mr. Cope’s theories have added nothing to it.

¥ig. 35,—Transformation of Artemia saling to A, Milhansenii: 1, tail-lobe of A, saling,
and its transition throngh 2, 3, 4, 5, to 0, tnte that of A, Milbausendi; 7,
post-abidomen of A, sabna; 8, post-abdomen of a form bred in brackish
water; 9, gill of A, Millhausenii; 10, gill of A, salina,  (From Schmanke.
witsel.)

Semper on the Divect Influence of the Environmend.

Another eminent naturalist, Professor Karl Sempor of
Wiirzburg, also adopts the view of the direct transforming
power of the- environment, and has brought together an



X1V FUNDAMENTAL PROBLEMS 427

immense body of interesting facts showing the influence of
food, of light, of temperature, of still water and moving water,
of the atmosphere and its currents, of gravitation, und of other
organisms, in modifying the forms und other characteristics of
animals.?  He believes that these varions influences produce
a direct and important effect, and that this effect is aceumu-
lated by inheritance ; yet he acknowledges that we have no
direct evidence of this, and there is hardly a single case
adduced in the hook which is not equally well explained by
adaptation, hrought about by the survival of heneficial varia-
tions. Perhaps the most remarkable case he has brought
forward is that of the transformation of species of crustaceans
by a change in the saltness of the water (see Fig. 35).  Artemia
salina lives in brackish water, while A. Milhausenii inhabits
water which is much salter. They differ greatly in the form of
the tail-lobes, and in the presence or absence of spines upon the
tail, and had always been considered perfectly distinet species.
Yot either was transformed into the other in a few generations,
during which the saltness of the water was gradually altered.
Yot more, A. salina was gradually aceustomed to fresher
water, and in the course of a few generations, when the water
had become perfectly fresh, the species
was changed into Branchipus stag-
nalis, which had always been con-
gidered to belong to a different genus
on account of differences in the form
of the antennm and of the posterior
segments of the body (sce Fig. 36).
This certainly appears to be a proof
of change of conditions producing
a chango of form independently of
seleetion, and of that change of form,
while remaining under the same con- Fiu, 36,

ditiOHS, beim; inheritcd. Yot there #, Branehipus :\‘L:lglmlis.

. . . . b, Artenia saling.

is this peculiarity in the case, that

there is a chemical change in the water, and that this water
permeates the whole body, and must be absorbed by the
tissucs, and thus affect the ova and oven the reproductive

1 Phe Nutural Conditions of Existence as they Affect Animal Life.
Londou, 1883.
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elements, and in this way may profoundly modify the whole
organisation. Why and how the cxternal effects are Hmited
to special details of the structure we do not know ; but it does
not scem as if any far-reaching conclusions as to the cumula-
tive effect of external eonditions on the higher terrestrial
animals and plants, can be drawn from such an exceptional
phenomenon. It seoms rather analogons to those effects of
external influences on the very lowest organisms in which the
vegetative and reproductive organs are hardly differentiated,
in which cese such effects are doubtless inherited.t

Professor Qeddes’s Theory of Variation in Planis,

In a paper read befors the Edinburgh Botanical Society in
1886 Mr. Patrick Geddes Iaid down the outlines of a funda-
mental theory of plant variation, which he has further ox-
tended in the article *“ Variation and Selection” in the
Encyclopedia Britannica, and in a paper read before the Linnaan
Society hut not yet published.

A theory of variation should deal alike with the origin of
specific distinctions and with those vaster differences which
characterise the larger groups, and he thinks it should answer
such questions as—How an axis comes to be arrested to form
a flower ? how the various forms of inflorescence were ovolved ¥
how did perigynous or epigynous flowers arise from hypogynous
flowers 1 and many others equally fundamental. Natural selec-
tion acting upon numerous accidental variations will not, he
urges, account for such gencral facts as these, which must
depend on some constant law of variation. This law he
believes to be the well-known antagonism of vegetative and
reproductive growth acting throughout the whole course of
plant development ; and he uses it to explain many of the
most characteristic featurcs of tho structure of flowers and
fruits.

! In Dr, Weismann's essay on “ Heredity,” already referred to, he considers
it not improbable that changes in organisms produced by climatic influences
may be inherited, because, as these changes do not affect lhe external parts
of an organism only, but often, as in the case of warmth or mnoisture per-
meate the whole structure. iley may possibly modify the germ-plasm
itself, and thus induce variations in the next generation. In this way, he
thinks, may possibly be explained tho climatic varieties of certain butterflies,

and some other changes which seem to be effected by change of climate in a
fow generations.
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Commeneing with the origin of the flower, which all botanists
agree in regnrding as a shortencd branch, he explainsg this
shortening as an inevitable physiological fact, since the cost of
the development of the reproductive elements is so great as
necessarily to cheek vegotative growth. In the same manner
the shortening of the inflorescence from raceme to spike or
umbel, and thence to the capitulum or dense flower-head
of the composite plants is brought about. This shortening,
carried still further, produces the flattened leaf-like receptacle
of Dorstenia, and further still the deeply hollowed fruity
receptacle of the fig.

The flower itself undergoes a parallel medification due to a
similar cause. It is formed hy o series of modified leaves
arranged round a shortened axis. In its earlier stages the
number of these modified leaves is indefinite, as in many
Ranunculacer ; and the axis itself is not greatly shortened, as
in Myosurus, The first advanee is to a definite number of
parts and a permanently shortened axis, in the arrangement
termed hypogynous, in which all the whorls are guite distinet
from each other. In the next stage there is a further shorten-
ing of the central axis, leaving the outer portion as a ring on
which the petals are inserted, producing the arrangement
termed perigynous. A still further advance is made by the
contraction of the axis, g0 as to leave the central part form-
ing the ovary quite below the flower, which is then termed
epigynous.

Theso several modifications are said to be parallel and
definite, and to be determined by the continuous checking of
vegetation by reproduction along what is an absolute groove
of progressive change. This being the case, the importance of
natursl selection is greatly diminished. Instead of selecting
and accumnulating spontaneous indefinite variations, its function
is to retard them after the stage of maximum utility has been
independently reached. The same simple couception is said
to unlock innumerable problems of vegetable morphology, large
and small alike, It explaing the inevitable development of
gymunosperm into angiosperm by the checked vegotative growth
" of the ovule-bearing leaf or carpel; while such minor adapta-
tions as the splitting fruit of the geranium or the cupped stigma
of the pansy, can be no longer looked upon as achievements
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of natural selection, but must be regarded as naturally trace-
able to the vegetative checking of their respective types of
leaf organ.  Again, o detailed examination of spiny plants
practically excludes the hypothesis of mammalian selection
altogether, and shows spines to arise as an expression of the
diminishing vegetativeness —in faet, the chbing vitality of o
species.t
Objections fo the Theory.

The theory here sketched ont is entieing, and at first sight
scems calculated to throw much light on the history of plant
development ; but on further consideration, it scems wanting
in definiteness, while it is beset with diffienlties at every step.
Take first the shortening of the raceme into the umbel and the
capitulum, said to be cansed by arrest of vegetative growth,
ttue to the antagonism of reproduction. If this were the
whole explanation of the phenomenon, we should expect the
quantity of sced to increase as this vegetative growth dimin-
ished, since the seed is the produet of the reproductive energy
of the plant, and its quantity the best measure of that energy.
But is this the case? The ranuneulus has comparatively few
sceds, and the flowers are not numerous; while in the same
order the larkspur and the columbine have far moro seeds as
well as more flowers, but there is no shortening of the raceme
or diminution of the foliage, although the flowers are large and
complex. 8o, the extremely shortened and corpressed flower-
heads of the composite produce comparatively few seeds
—one only to each flower ; while the foxglave, with its long
spike of showy flowers, prodnces an enormous mmber.,

Again, if the shortening of the central axis in the snccessive
stages of hypogynous, perigynous, and epigynous Howers were an
indication of preponderant reproduction and diminished vegeta-
tion, we should find everywhere some clear indications of this
fact. The plants with hypogynous flowers should, as a rule,
have less sced and more vigorous and abundant foliage than
those at the other extreme with epigynons flowers,  But the

! This brief indication of Professor Geddes's views is taken from the
article “ Varintion and Selection * in the Encyclopedin Britannica, and a paper
““On the Nature and Causes of Variation in Plants” in Zrans. and Proc. of the
Fdinburgh Botanical Sociely, 1886 ; and is, for the most part, expressed in
kis own words,
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hypogynous poppies, pinks, and St. John's worts have abund-
ance of sced and rather scanty foliage ; whilo the epigynous
dogwoods and honeysuckles have few seeds and abundant
foliage. If, instead of the number of the seeds, we take the
size of the fruit as an indication of reproductive energy, we finud
this at 2 maximum in the gourd family, yet their rapid and
luxuriant growth shows no diminution of vegetative power.
Ho thut the statement that plant modifications proceed “along
an absolute groove of progressive change ” is eontradicted by
innumerable facts indieating advance and regression, improve-
ment or degradation, according as the ever-changing environ-
ment renders one form more advantageous than the other.
Ag one instance I may mention the Anonacew or custard-apple
tribe, which are certainly an advance from the Ranunculaces ;
yet in the genus Polyalthea the fruit consists of a number of
separate carpels, cach borne on a long stalk, as if reverting to
the primitive stalked carpellary leaves.

On the Origin of Spines.

But perhaps the most extraordinary application of the
theory is that which considers spines to be an indication of the
“ ebhing vitality of a species,” and which excludes “ mammalian
selection altogether.” If this were true, spines should occur
mainly in feeble, rare, and dying-out species, instead of which
we have the hawthorn, one of our most vigorous shrubs or trees,
with abundant vitality and an extensive range over the whele
Palmarctic region, showing that it is really a dominant species.
in North America the numerous thorny species of Cratwegus
are equally vigorous, as are the false acacia (Robinia) and
the honey-locust (Gleditschia). Neither have the numerous
specics of very spiny Acacins been noticed to be rarer or less
vigorous than the unarmed kinds.

On the other point—that spines arc not due to mammalian
selection—we are able to adduee what must be considered direct
and conclusive evidence. For if spines, admittedly produced by
aborted branches, petioles, or peduncles, are due solely or mainly
to diminished vegetativeness or ebbing vitality, they ought to
oceur in all countries alike, or at ail events in all whose similar
conditions tond to check vegetation; whereas, if they are,
solely or mainly, developed as o protection against the attacks
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of herbivorous mammals, they ought to be mest abundant
where these are plentiful, and rare or absent where indigenous
mammalia are wanting. Oceanic islands, as compared with
continents, would thus furnish a crucigl test of the two theories ;
and Mr. Hemsley of Kew, who has specially studied insular
floras, has given me some valuable information on this point.
He says: “There are no spiny or prickly plants in the in-
digenous element of the St. Helena flora.  The relatively rich
flora of the Sandwich Isles is not absolutely without a prickly
plant, but almost so. Al the endemic genera are unarmed,
and the endemic species of almost every other gonus. Evensuch
genera as Zanthoxylon, Acacia, Xylosoma, Lycium, and Solanum,
of which there are many armed species in other countries,
are only represented by unarmed species. The two endemic
Rubi have the prickles reduced to the setaceous condition, and
the two palms are unarmed.

“The flora of the Galapagos ineludes a number of prickly
plants, among them several cacti (these have not Deen inves-
tigated and may be American species), but I do not think one
of the known endemic species of any family is prickly or
spiny.

“Spiny and prickly plants are also rare in New Zealand,
but there are the formidably armed species of wild Spaniard
(Aciphylla), one specics of Rubus, the pungent-leaved Epacrides
and a few others.”

Mr. J. G. Buker of Kew, who has specially studied the
flora of Mauritiug and the adjacent islands, also writes me on
this point. He says: “Taking Mauritiug alone, I do not
call to mind a single species that is a spinose endemic tree or
shrub. If you take the whole group of islands (Mauvitius,
Bourhon, Seychelles, and Rodriguez), there will be about a
dozen species, but then nine of these are palms.  Leaving
out palms, the trees and shrubs of that part of the world are
exceptionally non-spinose.”

These are certainly remarkable faets, and guite inexplicable
on the theory of spines being caused solely by checked vege-
tative growth, due to weakness of constitution or to an arid soil
and climate. For the Galapagos and many parts of the Sand-
wich Islands are very arid, as is a considerable part of the
North Island of New Zealand. Yet in our own moist climate
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and with our very limited number of trees and shrubs we
have abont cighteen spiny or prickly species, more, apparently,
than in the whole endemic floras of the Mauritiug, Sandwich
Islands, and Galapagos, though these are all especially rich
in shrubby and arboreal species. In New Zealand the prickly
Rubus is a leatless trailing plant, and its prickles are probably
a protection against the large snails of the country, several of
which have shells from two to three and a half inches long!
The “wild Spaniards ” are very spiny herbaceons Umbelliferss,
and may have gained their spines to preserve them from being
trodden down or eaten by the Moas, which, for countless ages,
took the place of mammals in New Zealand.  The exact use
or meaning of the spines in palms is more doubtful, though
they are, no doubt, protective agninst some animals ; hut it is
certainly an extraordinary fact that in the entire flora of the
Mauritius, so largely consisting of trees and shrubs, not a
single endemie species should be thorny or spiny,

If now wo consider that every continental flora produces
a considerable proportion of spiny and thorny species, and that
these rise to n maximum in South Africa, where herbivorous
mammalin were (before the settlement of the country), perhaps,
more abundant and varied than in any other part of the
world ; while another distvict, remarkalle for well-armed
vegetation, is Chile, where the camel-like viengnas, llamas, and
alpacas, and an abundance of large rodents wage perpetual
war against shrubby vegetation, we shall see the full signifi-
cance of the almost total absence of thorny and spiny plants in
the chief oceanic islands; and so far from “excluding the
hypothesis of mammalian selection altogether,” we shall find
in this hypothesis the only satisfactory explanation of the
facts.

From the brief consideration of Professor Geddes’s theory
now given, we conclude that, although the antagonism between
vegetative and reproductive growth is a real ageney, and must
be taken account of in onr endeavour to explain many of the
fundamental facts in the structure and form of plants, yet it
is 80 overpowered and directed at every step by the natural
selection of favourable variations, that the results of its

1 Placostylis bovinus, 34 inclies long; Paryphanta Busbyi, 3 in. diam. ;

P. Hoechstetteri, 24 in. diam.
2r
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exclusive and unmodified action are nowhere to e found in
nature. It may be allowed to rank as onc of thosc “laws of
growth,” of which so many have now been indicated, and
which were always recognised by Darwin as underlying all
variation ; but unless we bear in mind that its action must
always be subordinated to natural sclection, and that it is
continually checked, or diverted, or even reversed by the
necessity of adaptation to the environment, we shall he liable
to fall inte such glaring errors as the imputing to “ ebbing
vitality ” alone such a widespread phenomenon as the occur-
rence of spines and thorns, while ignoring altogether the
influence of the organic environment in their production.!

The sketch now given of the chiof attempts that have been
mado to prove that either the direct action of tho environment
or certain fundamental laws of variation are independent causes
of modification of species, shows us that their authors have,
in every case, failed to establish their contention. Any direct
action of the environment, or any characters acquired by use
or disuse, can have no effect whatever upon the race unless
they are inherited; und that they are inherited in any case,

! The general arguments and objections here set forth will apply with equal
force to Professor (3. Henslow's theory of the origin of the various forms
and structures of flowers as due to ** the responsive actions of the protoplasm
in consequence of the irritations set up by the weights, pressures, thrusts,
tensions, ete., of the insect visitors " (The Origin of Floral Structures through
Insect and other Agencies, p. 340). On the assumption that acquired char-
acters are inherited, such irritations may have had something to do with
the initiation of varfations und with the production of certain details of
strueture, but they are clearly incompetent to have brought about the
more important structural and functional modifications of flowers. Such
are, the various adjustments of length and position of the stamens to Lring
the pollen to the insect and from the insect to the stigma; the various
motions of stamens and styles at the right time and the right direction;
the physiological adjustments bringing about fertility or sterility in hetere-
styled plants; the traps, springs, and complex movements of various parts
of orchids ; and innumerable other remarkable phenomena.

For the explanation of these we liave no resource but variation and selec-
tion, to the effects of which, acting alternately witlt regression or degradation
as above explained (p. 828) must he impuied the development of the count-
Jess floral structures we now behold, Fven the primitive flowers, whose
initiation may, perhaps, have been caused, or rendered possible, by the
irritation set up by insects’ visits, must, from their very origin, have been
modified, in accordance witlk the supreme law of utility, by means of varia-
tion and survival of the fittest.
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except when they directly affect the reproductive cells, has
not been proved. On the other hand, as we shall presently
show, there is much reason for believing that such acquired
characters are in their nature non-heritahle,

Variation and Selection Overpower the Effects of Uso and Disuse.

But there ia another objection to this theory arising from
the very nature of the effects produced. In cach generation
the effects of use or disuse, or of effort, will certainly be very
small, while of this small effect it is not maintained that the
whole will be always inherited by the next generation, How
small the effect is we have no means of determining, except
in the case of disuse, which Mr. Darwin investigated carefully.
He found that in twelve fancy breeds of pigeons, which are
often kept in aviaries, or if free fly but little, the sternum
had been reduced by about one-seventh or one-cighth of its
entire length, and that of the scapula about oneninth. In
domestic ducks tho weight of the wing-bones in proportion to
that of the whole skeleton had decreased about one-tenth.
In domestic rabbits the hones of the legs were found to have
increased in weight in due proportion to the increased weight
of the body, but those of the hind legs were rather less in
proportion to those of the fore legs than in the wild animal,
a difference which may be imputed to their heing less used
in rapid motion. The pigeons, therefore, afford the greatest
amount of reduction by disuse—onescventh of the length of
the sternum. But the pigeon has certainly been domesticated
four or five thousand years; and if the reduction of the wings
by disuse has only been going on for the last thousand years,
the amount of reduction in each generation would he absolutely
imperceptible, and quite within the limits of the reduction
due to the absence of selection, as already explained. But, as
we have seen in Chapter 111, the fortuitous variation of every
part or organ usually amounts to one-tenth, and often to ene-
sixth of the average dimensions—that is, the fortuitous varia-
tion in one gemeration among a limited number of the in-
dividuals of a species is as great as the cumulative effects of
disuse in a thousand generations! If we assume that the
effects of use or of effort in the individual are equal to the
effects of disuse, or even ten or a hundred times greater, they
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will even then not equal, in each gencration, the amount of
the fortuitous variations of the same part. If it be urged
that the effects of use would modify all the individuals of a
species, while the fortuitous variations to the amount named
only apply to a portion of them, 1t may be replied, that that
portion is sufficiently large to afford ample materials for
selection, since it often equals the numbers that can annmally
survive ; while the recurrence in cach successive generation of
a like amount of variation would render possible such a rapid
adjustment to new conditions that the effects of use or disuse
would be as nothing in comparison. It follows, that even
admitting the modifying eflects of the environment, and that
such modifieations are inherited, they would yet he entirely
swamped by the greater effects of fortuitous variation, und the
far more rapid cumulative results of the sclection of such
variations.

Supposed Action of the Environment in Initinting Variations.

It is, however, urged that the reaction of the environment
initiates variations, which without it would never arise ; such,
for instance, as the origin of horns through the pressures and
irritations vaused by butting, or otherwise using the head as a
weapon or for defence.  Admitting, for the sake of argument,
that this is so, all the evidence we possess shows that, from the
very first appearance of the rudiment of such an organ, it would
vary to 2 greater extent than the amount of growth directly
produced by use; and these variativns would be subject to
selection, and would thus modify the organ in ways which use
alone would never bring about. We have seen that this has
been the case with the branching antlers of the stag, which
have heen modified by selection, so as to hecome useful
in other ways than as a mere weapon; and the same has
almost certuinly been the case with the variously curved
and twisted horns of antelopes. In like manmer, every con-
ceivable rudiment would, from its first appearance, be subject
to the law of variation and selection, to which, thenccforth,
the direct effect of the environment would be altogether
subordinate.

A very similar mode of reasoning will apply to the other
branch of the subject—the initiation of structures and organs
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by tho action of the fundamental laws of growth. Admitting
that such laws have determined some of the main divisions of
the animal and vegetable kingdom, have originated certain
important organs, and have been the fundamental cause of
vertain lines of development, yet at every step of the process
these laws must have ucted in entire subordination to the law of
natural selection. No modification thus initiated could have
advanced a single step, unless it were, on the whole, a useful
modification ; while its entire future course would be necessarily
subject to the laws of variation and selection, by which it
wonld be sometimes checked, sometimes hastenad on, sometimes
diverted to one purpose, sometimes to another, according as the
needs of the organism, under the special conditions of its
existence, required such modifieation, We need not deny that
such laws and influences may have acted in the manmer
suggested, but what we do deny iz that they could possibly
escape from the ever-present and all-powerful modifying effects
of variation and natural selection.!

Weismonn's Theory of Hevedity.

Professor Angust Weismann has put forth a new theory of
heredity founded npon the “continuity of the germ-plasm,”
one of the logical consequences of which is, that acquired
characters of whatever kind are not transmitted from parent to
offspring.  As this is o matter of vital importance to the theory
of natyral sclection, and as, if well founded, it strikes awuy the
foundations of most of the theories discussed in the present
chapter, a brief outline of Weismann’s views must be attempted,

1 In an essay on “The Duration of Life,” forming part of the translation
of Dr. Weismann's papers alrendy referred to, the author still further
extends the sphere of natural seleetion by showing that the average duration
of lifo in each apecies has been determined by it. A certain length of life is
rssential in order that the species may produce offspring sufficient to ensure
ita continuance under the most nnfavourable conditions ; and it is shown that
the remarkable inequalitiea of longevity in different species and groups may
be thus accounted for. Yet more, the occurrence of death in the higher
organisms, in place of the continued survival of the unicellular organisms how-
ever miuch they may increase by subdivision, may be traced to the same great
law of utility for the race and survival of the fittest. The whole essay is of
exceeding interest, and will repay a careful perusal. A siwilar iden occurred
to the present writer about twenty years back, sud way briefly noted down at
tho tinme, but subsequently forgotten,
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although it is very difficult to make them intelligible to persons
unfamiliar with the main facts of modern embryology.!

The problem is thus stated by Weismann: “How is it
that in the case of all higher animals and plants a single cell
is able to separate itsclf from amongst the millions of most
various kinds of which an organism is composed, and by
division and complieated differentiation to reconstruct a new
individual with marvellous likeness, unchanged in many cases
even throughout whole geological periods?” Darwin at-
tempted to solve the problem by his theory of © Pangenesis,”
which supposed that every individual cell in the hody gave off
gemmules or germs capable of reproducing themselves, and that
portions of these germs of each of the almost infinite number of
celle permeate the whole body and become collected in the
generative cells, and are thus able to reproduce the whole
organism. This theory is felt to be so ponderously complex
and difficult that it has met with no general acceptance among
physiologists.

The fact that the germ-cells do reproduce with wonderful
accuracy not only the general characters of the species, but
many of the individual characteristics of the parents or more
remote ancestors, and that this process is continued from
generation to generation, can be accounted for, Weismann
thinks, only on two suppositions which are physiologically
possible. Either the substance of the parent germ-cell, after
paasing through a eycle of changes required for the construction
of a new individual, possesses the capability of produeing anew
germ-cells identical with those from which that individual was
developed, or the new germ-cells arise, as far as their essential
and characteristic substance is concerned, not af all out of the body
of the individual, but direct from the parent germ-cell.  'This latter
view Weismann holds to be the correct one, and, on this theary,
heredity depends on the fact that a substance of special mole-
cular composition passes over from one generation to another.
This is the  germ-plasm,” the power of which to develop itself
into a perfect organism depends on the extraordinary complica-
tion of its minutest structure. At every new birth a portion

1 The outline here given is derived from two articles in Nufure, vol.
xxxiii. p. 164, and vol. xxxiv. p. 628, in which Weismann’s papers are summnar-
ised and partly translated.
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of the specific germ-plasm, which the parent egg-cell contains,
is not used up in producing the offspring, but is reserved un-
changed to produce the germ-cells of the following generation.
Thus the germ-cells-—so far as regards their essential part the
germ-plasm—are not a product of the body itself, but are
related to one another in tho same way as are a series of
gencrations of unicellular organisms derived from one another
by a continuous course of simple division. Thus the question
of heredity is reduced to one of growth. A minuto portion
of the very same germ-plasm from which, first the germ-cell,
and then the whole organism of the parent, were developed,
beeomes the starting-point of the growth of the child.

The Cuuse of Furiation,

But if this were all, the offspring wonld reproduce the
parent exactly, in every detail of form and structure; and
here we sco the importance of sex, for each new germ grows
out of the united germ-plasms of two parents, whenee arises a
minglingof their characters in the offspring. This cceurs in each
generation ; hence cvery individual is a complex result repro-
ducing in ever-varying degrees the diverse characteristies of his
two parents, four grandparents, eight great-grandparents, and
other more remote ancestors ; and that ever-present indiyidual
variation arises which furnishes the material for natural selec-
tion toact upon. Diversity of sex becomes, therefore, of primary
importance ag #he couse of variation. Where asexual genera
tion prevails, the characteristics of the individual alone are
reproduced, and there are thus no means of effecting the
change of form or structure required by changed conditions of
existenco. Under such changed conditions a complex organ-
ism, if only asexually propagated, would become extinct. But
when a complox organism is sexually propagated, there is an
ever-present cause of change which, though slight in any one
generation, is cumulative, and under the influence of selection
is sufficient to keep up the harmony between the organism
and its slowly changing environment.!

! There are many indieations that this explanation of the canse of variation
i3 the true one. Mr, E, B, Poulton suggests one, in the fact that partheno-
genetic reproduction ouly occurs in isolated species, not in groups of related
species ; as this shows that parthenogenesis cannot lead to the evolution of
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The Non-ITevedity of Acquired Chavacters,

Certain observations on the embryology of the lower
animals are held to afford direet proof of this theory of heredity,
but they are too technical to be made clear to ordinary
readers, A logical result of the theory is the impossibility of
the transmission of acquired characters, since the molecular
structure of the germ-plasm is already determined within the
embryo; and Weismann holds that there are no facts which
really prove that acquired characters can be inherited, although
their inheritance has, by most writers, heen considered so prob-
able as hardly to stand in need of direct proof.

We have already shown, in the carlier part of this chapter,
that many instznces of change, imputed to the inheritance of
acquired variations, are really cases of selection ; while the very
fact that wse implies usefulness renders it almost impossible to
eliminate the action of selection in a state of nature. As
regards mutilations, it is generally admitted that they are not
hereditary, and there is ample evidence on this point. When
it was the fashion to dock horses’ tails, it was not found that
horses were born with shert tails; nor are Chinese women
born with distorted feet; nor are any of the numerous forms
of racial mutilation in man, which have in some cuses been
carr.bd on for hundreds of generations, inherited. Neverthe-
less, a few cases of apparent inheritance of mutilations have
been recorded,! and these, if trustworthy, are difficultics in the
way of the theory. The undoubted inheritance of disease is
hardly a difficulty, because the predispesition to disease is a
congenital, not an acquired character, and as sach would be the
subjeet of inheritance. The often-quoted cuse of a disease
induced by mutilation being inherited (Brown-Sequard’s
cpileptic gninea-pigs) has been discussed hy Professor Weis-
mann, and shown to be not conclusive, The mutilation itself
~—a section of certain nerves—was never inherited, but

new forms, Again, in parthenogenetic females the complete apparatus for
fertilisation remains unreduced ; but if these varied as do sexually produced
animals, the organs referred to, being unused, would become rudimentary.
Even more important is the aignificance of the ' polar bodies,” as explained
by Weismann in one of his Essays,; since, if his interpretation of them be
correct, variability is a necessary conveguence of sexual generation.
! Darwin's Animals and Plants, vol. il. pp. 23, 24,
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the resulting cpilepsy, or a general state of weakness, de-
formity, or sores, was sometimes inherited. Tt is, however,
possible that the mere injury introduced and encouraged the
growth of certain microbes, which, spreading through the
organism, sometimes reached the germ-cells, and thus trans-
mitted a diseased condition to the offspring.  Such a transfer-
ence of microbes is believed to oceur in syphilis and tuberculosis,
and has been ascertuined to occur in the case of the muscardine
silkworm disease.!

The Theory of Instinct,

The theory now briefly outlined cannot he said to be
proved, but it eommends itself to many physiologists as being
inherently probable, and as furnishing a good working
hypothesis till displaced by a better. We cannot, therefore,
accept any arguments against the agency of natural selection
which are based npon the opposite and egually unproved
theory that acquired churacters are inherited; and as this
applies to the whole school of what may be termed Neo-
Lamarckians, their speculations cease to have any weight.

The same remark applies to the popular theory of instinets
as being inherited habits; though Darwin gave very little
weight to this, but derived almost all instinets from spontaneous
useful variations which, like other spontaneous variations, are
of course inherited. At firgt sight it appears as if the acquired
habhits of our trained dogs—pointers, retricvers, ete.—are
certainly inherited ; but this need not be the case, because
there must be some structural or psychical peculiarities, such
as modifications in the attachments of muscles, increased
delicacy of smell or sight, or peculiar likes and dislikes,
which are inherited ; and from these, peculiar habits follow
as & natural consequence, or are easily acquired. Now, as
selection has heen constantly at work in improving all our
domestic animals, we have unconsciously modified the structure,
while preserving only those animals which best served our
purpose in their peculiar faculties, instincts, or habits.

1 Tn.his essay on * Heredity,” Dr, Weismann diseusses many other cases
of supposed ivheritance of acquired characters, and shows that they can all
be explained in other ways. Shortsightedness among civilised nations, for

example, is due partly to the absence of selection and consequent regression
towards o mean, and partly to its individual production by constant reading.
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Much of the mystery of instinct arises from the persistent
refusal to recognise the agency of imitation, memory, ohserva-
tion, and reason as often forming part of it. Vet there is
ample evidence that such agency must be taken into account.
Both Wilson and Leroy state that young birds build inferior
nests to old ones, and the latter anthor observes that the best
nests are made by birds whose young remain longest in the
nest. 8o, migration is now well ascertained to be effected by
means of vision, long flights being made on bright moonlight
nights when the birds fly very high, while on cloudy nights
they fly low, and then often lose their way. Thousands
snnually fiy out to seax and perish, showing that the instinct
to migrate is imperfect, and is not a good substitute for reason
and observation.

Again, much of the perfection of instinet is due to the
extreme severity of the selection during its developmont, any
failure involving destruction. The chick which cannot break
the eggshell, the caterpillar that fails to suspend itself properly
or to spin a safe cocoon, the bees that lose their way or that
fail to store honey, inevitably perish. So the birds that fail
to feed and protect their young, or the butterflies that lay
their eggs on the wrong food-plant, Jeave no offspring, and
the race with imperfect instincts perishesz. Now, during the
long and very slow course of development of each organism,
this rigid selection at every step of progress has led to the
preservation of every detail of structure, faculty, or habit that
has been necessary for the preservation of the race, und has
thus gradually built up the various instincts which scem so
marvetlous to us, but which can yet be shown to be in many
cases still imperfect. Here, as everywhere else in nature, we
find comparative, not absolute perfection, with every gradation
from what is clearly due to imitation or reason up to what
seems to us perfect instinet—that in which a complex action
is performed without any previous experience or instruction.!

1 Weismann explains instinct on similar Yines, and gives many interesting
illustrations (ses Essays on Heredity), He holds “that all instinct is entirely
due to the operation of natural selection, and has its foundation, not upon
inherited experiences, but upon variations of the germ,” Many interesting
and difficult cases of instinct are discussed by Darwin in Chapter VIII of the
Origin of Species, which should be read in connection with the above remarks,

Hince this chapter was written my attention has heen directed to Mr,



xIY FUNDAMENTAL PROBLEMS 443

Concluding Remarks,

Having now passed in review the more important of the
recent objections to, or eriticisms of, the theory of natural
selection, we have arrived at the conclusion that in no one
saze have the writers in guestion been able materially to
liminish its importance, or to show that any of the laws or
forces to which they appeal can aet otherwise than in strict
subordination to it. The direct action of the environment as
set forth by Mr. Herbert Spencer, Dr. Cope, and Dr. Karl
Semper, even if we admit that its offects on the Individual
are transmitted by inheritance, are so small in comparison
with the amount of spontancous variation of every part of
the organism that they must be quite overshadowed by the
latter. And if such direct action may, in some cases, have
initiated certain organs or outgrowths, these must from their
very first boginnings have been subject to variation and
natural selection, and their further development have been
almost wholly due to these ever-present and powerful canses.

Francis Qalton's Theory of Heredity (already referred to at p. 417) which
was published thirteen years ago as an alternative for Darwin’s theory of
pangenesis,

Mr. Galton's theory, although it attracted little attentionm, appears to me
to be substantially the same as that of Professor Weismann, Galton's
" atirp * is Weismann’s ‘‘germ-plasm.”  Galton supposes the sexusl elements
in the offspring to be directly formed from the residue of the séirp not used
up in the development of the bady of the parent—Weismann's ¢ continuity
of the germ-plasm.” Galton also draws many of the sams conclusions fron
his theory. He maintains that characters acquired by the individual as the
result of external influences cannot be inherited, unless such inflnences act
directly on the reproductive clements—instaneing the possible heredity of
nlecholism, because the aleohol permeates the tissues and may reach the
sexual elements. He discusses the supposed heredity of effects produced by
use or disuse, and explaing them much in the same maenner a3 does Weismanu,
(Galton is an authropologist, and applies the theory, mainly, to explain the
peculiarities of hereditary transmission in man, many of which peculiarities
he discusses and elucidates. Weismann is a binlogist, and is mostly concerned
with the gpplication of the theory to explain variation and instinet, and to
the further development of the theory of evolution. He has worked it out
more thoroughly, and bas adduced embryologicsl evidence in its support ; but
the views of both writers are substantially the same, and their theories were
arrived at quite independently. The names of Galton aud Weismann should
therefore Lo associated as discoverers of what may be considered (if finally
eatablished) the most important contribution to the evolution theory since the
appearance of the Origin of Species,
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The same remark applies to the views of Professor Geddes on
the laws of growth which have determined certain essential
features in the morphology of plants and animals. The
attempt to substitute these laws for those of variation and
natural selection has failed in cases where we can apply a
definite test, as in that of the origin of spines on trees and
shrubs ; while the extreme diversity of vegetable structure
and form among the plants of the same country and of the
same natural order, of itself affords a proof of the preponder-
ating influence of variation and natural selection in keeping
the many diverse forms in harmony with the highly complex
and ever-changing environment.

Lastly, we have seen that Professor Weismann’s theory of
the continuity of the germ-plasm and the consequent non-
heredity of acquired characters, while in perfect harmony
with all the well-ascertained facts of heredity and development,
adds greatly to the importance of natural selection as the one
invariable and ever-present factor in all orgamic change, and
that which can alone have produced the temporary fixity
combined with the seculur modification of species. While
admitting, as Darwin always admitted, the co-operation of the
fundamental laws of growth and variation, of correlation and
heredity, in determining the direction of lines of variation
or in the initiation of peculiar organs, we find that variation
and natural selection are ever-present agencies, which take
possession, as it were, of every minute change originated
Try these fundamental causes, check or favour their further
development, or modify them in countless varied ways
according to the varying needs of the organism. Whatever
other causes have been at work, Natural Selection is supreme,
to an extent which even Darwin himself hesitated to claim
for it. The more we study it the more we are convineed of
its overpowering importance, and the more confidently we
elaim, in Darwin’s own words, that it “has been the most
important, but not the exclusive, means of modification.”



CHAPTER XV

DAEWINISM AT'PTLIED TO MAN

General identity of human and animal structure—Rudiments and varia-
tions showing relation of man to other mammals—The embryonic
development of man and other mammalia—Diseases commen to man
and the lower anitmals—The animnls most ncarly allied to man—
The brains of man aud apes—Xxternal diflerences of man and apes—
Summary of the animal characteristics of man—-"The geological
antiquity of man—The probable birthplace of man—The ovigin of
the moral and intellectual nature of man--The argument from
continuity—The origin of the mathematical faculty—The origin of
the musical and artistic facultios—Independent proof that these
facultics have not been developed by natural selectivn—The inter-
pretation of the facts—Concluding vemarks.

OUR review of modern Darwinism might fitly bave terminated
with the preceding chapter; but the immense interest that
attaches to the origin of the human race, and the amount of
miseonception which prevails regarding the essential teachings
of Darwin’s theory on this question, as well as regarding my
own special views upon it, induce me to devote a final chapter
to its discussion,

To any one who considers the structure of man’s body,
evén 1 the most superficial manner, it must he evident that
it is the body of an animal, differing greatly, it is true, from
the bodies of ull other animals, but agreeing with them in all
esgential features. The bony structure of man classes him as
a vertebrate ; the mode of suckling his young classes him as
a mammal ; his blood, his muscles, und his nerves, the structure
of hig heart with its veins and arteries, his lungs and his whole
respiratory and circulatory systems, all closely correspond to
those of other mammals, and are often almost identical with
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them, He possesses the same number of limbs terminating
in the same number of digits as belong fundamentally to the
mammalian class, His senses are identical with theirs, and
his organs of sense are the same in number and occupy the
same relative position. Every detail of structure which is
common to the mammalia as a elags is found also in man,
while he only differs from them in such ways and degrees as
the various species or groups of mammals differ from each
other. If, then, wo have pood reason to believe that every
existing group of mammalia has descended from some common
ancestral form—as we saw to be so completely demonstrated
in the case of the horse tribe,—and that each family, each
order, and even the whole class must similarly have de-
scended from some much more ancient and more generalised
type, it would be in the highest degree improbable—so
improbable as to be almost, inconceivable—that man, agreeing
with them so closely in every detail of his structure, should
have had some quite distinct mode of origin. Let us, then,
see what other evidence bears upon the question, and whether
it is sufficient to convert the probability of his animal origin
into & practical certainty.

Rudiments ond Fariations as Indicaling the Llelation of Man o
other Mammals.

All the higher animals present rudiments of organs which.
though useless to them, are useful in some allied group, and
are believed to have descended from a common ancestor in
which they were useful. Thus there are in ruminants rudi-
ments of incisor teeth which, in some species, never cut through
the gums; many lizards have external rudimentary legs;
while many birds, as the Apteryx, have quite rudimentary
wings. Now man possesses similar rudiments, sometimes
constantly, sometimes only occasionally present, which serve
intimately to connect his bodily structure with that of the
lower animals. Many animals, for example, have a special
muscle for moving or twitching the skin. In man there are
remnants of this in certain parts of the body, especially in
the forehead, enabling us to raise our eyebrows; but some
persons have it in other parts. A few persons are able to move
the whole scalp 5o as to throw off any object placed on the head,
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and this property has been proved, in ono case, to be inherited.
It the outer fold of the ear there is sometimes a projecting point,
corresponding in position to the pointed ear of many animals,
and believed to be a rudiment of it. In the alimentary eanal
there is a rudiment—the vermiform appendage of the ceeeum—
which is not only uscless, but i3 sometimes a cause of disease
and death in man; yet in muny vegetable feeding animals it
is very long, and even in the orang-utan it is of considerable
length and convoluted. 8o, man possesses rudimentary hones
of a tail concealed beneath the skin, und, in some rare cases,
this forms a minute external tail. i

The variability of every part of man’s structure is very
great, and many of these variations tend to approximate
towards the structure of other animals. The courses of the
arteries are cminently variable, so that for surgical purposes
it has been necessary to determine tho probable proportion of
each variation. The museles are so variable thot in fifty cases
the muscles of the foot were found to be not strictly alike in
any two, and in some the deviations were considerable ; while
in thirty-six subjects Mv. J. Wood observed no foewer than 558
musealar variations. The same anthor states that in a single
male subject there were no fewer than seven muscular varia-
tions, all of which plainly represented muscles proper to various
kinds of apes. The muscles of the bands und arms—parts
which are so eminently characteristic of man—are extremely
liable to vary, so as to resemble the corresponding muscles of
the lower animals. ‘That such variations are due to reversion
to a former state of existence Mr. Darwin thinks highly prob-
able, and he adds: “It is quite incredible that & man should,
through mere accident, abnormally resemble certain apes in
no less than seven of his muscles, if there had been no genetic
connection between them. On the other hand, if man is
descended from some ape-like creature, no valid reason can be
agsigned why certain muscles should not suddenly reappear
after an interval of many thousand generations, in the same
manner as, with horses, asses, and mules, dark coloured
stripes suddenly reappear on the legs and shoulders, after
an interval of hundreds, or more probably of thousands of
generations.” !

1 Degcent of Man, pp. 41-43 ; also pp. 13-16.
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The Embryonic Development of Man and other Mammalia.

The progressive development of any vertebrate from the
ovum or minute embryonic egg affords one of the most
marvellous chapters in Natural History. We sce the con-
tents of the ovum undergoing numerouns definite changes,
its interior dividing and subdividing till it consists of a
mass of cells, then a groove appears marking out the median
line or vertebral column of the future animal, and there-
after are slowly developed the various essential organs of
the body. After describing in some detail what takes place
in the case of the ovum of the dog, Professor Huxley
continues : “The history of tho development of any other
vertebrate animal, lizard, snake, frog, or fish tells the same
story. There is always to begin with, an egg having the
some essential structure as that of tho dog; the yolk of
that egg undergoes division or segmentation, as it is called,
the ultimate products of that segmentation constitute the
building materials for the body of the young animal; and
this is built up round a primitive groove, in the floor of which
a notochord is developed. Furthermore, there is a period in
which the young of all these animals resemble one another,
not merely in outward form, but in all essentials of structure,
so closely, that the differences hetween them are inconsider-
able, while in their subsequent course they diverge more and
more widely from one another. And it is a general law that
the more closely any animals resemble one another in adult
structure, the larger and the more intimately do their embryos
resemble one another ; so that, for example, the embryos of a
snake and of a lizard remain like one another longer than do
those of a snake and a bird; and the fﬁwd a dog and
of a cat remain like one another for a faf Tonger period than
o those of a dog and a bird, or of a dog and an opossum, or
even than those of a dog and a monkey.”!

We thus see that the study of development affords a test
of affinity in animals that are externally very much unlike
each other; and we naturally ask how this applies to man.
Is he developed in a different way from other mammals, as
we should certainly expeet if he has had a distinet and

} Man's Place in Nature, p, 64,
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altogether different origin? “The reply,” says Professor
Huxley, “is not doubtful for a moment. Without gquestion,
the mode of origin and the early stages of the development of
man are identical with those of the animals immediately
below him in the scale.” And again he tells us: “It is very
long before the body of the young human being can be readily
diseriminated from that of the young puppy; but at a
tolerably early period the two become distinguishable by the
different forms of their adjunets, the yelk-sac and the al-
lantois ;7 and after describing these differences he continues:
“ But exactly in those respects in which the developing man
differs from the dog, he resembles the ape. . . . So that it is
only quite in the latter stages of development that the young
human being presents marked differences from the young ape,
while the latter departs as much from the dog in its develop-
ment as the man does. Startling as this last assertion may
appear to be, it is demonstrably true, and it alone appears
to me sufficient to place beyond all doubt the structural unity
of man with the rest of the animal world, and more par-
ticularly and closely with the apes.”?

A few of the curious details in which man passes through
stages common to the lower animals may be mentioned. At
one stage the og coceyx projects like a true tail, extending
considerably beyond the rudimentary legs. In the seventh
month the convolutions of the brain resemble those of an
adult baboon. The great toe, so characteristic of man,
forming the fulerum which most assists him in standing ereet,
in an early stage of the embryo is much shorter than the
other toes, and instead of being parallel with them, projects
at an angle from the side of the foot, thus eorresponding with
its permanent condition in the quadrumana, Numerous other
examples might be quoted, all illustrating the same general
law.

Discases Common fo Man and the Lower Animals.

Though the fact is so well known, it is certainly one of
profound significance that many animal diseases can be com-
municated to man, since it shows similarity, if not identity, in

1 Man's Place in Nature, p. 67, See Figs. of Embryos of Man and Dog
in Dorwin's Peacent of Man, p. 10.
26
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the minute structure of the tissues, the nature of the blood,
the merves, and the brain. Such diseases as hydrophobia,
variola, the glanders, cholera, herpes, ete.,, can be transmitted
from animals to man or the reverse ; while monkeys are liable
to many of the same non-contagions diseases as we are.
Rengger, who carefully observed the common monkey (Cebus
Azare) in Paraguay, found it liable to catarrh, with the usual
symptoms, terminating sometimes in consumption. These
monkeys also suffered from apoplexy, inflammation of the
bowels, and cataract in the eye. Medicines produced the
same effect upon them as upon us, Many kinds of monkeys
have a strong taste for tea, coffee, spirits, and even tobacco.
These facts show the similarity of the nerves of taste in
monkeys and in ourselves, and that their whole nervous
system is affected in a similar way. Even the parasites, both
external and intcrnal, that affect man are not altogether
peculiar to him, but belong to the same families or genera as
those which infest animals, and in one case, scabies, even the
same species.! These curious facts seem quite inconsistent
with the idea that man’s bodily structure and nature are
altogether distinct from those of animals, and have had a
different origin; while the facts are just what we should
expect if he has been produced by descent with modification
from some common ancestor.

The Animals most nearly Allied to Man.

By universal consent we see in the monkey tribe a
caricature of bumanity, Their faces, their hands, their
actions and expressions present ludicrous resemblances to our
own. But there is one group of this great tribe in which this
resemblance is greatest, and they have hence been called the
anthropoid or man-like apes, These are fow in number, and
inhabit only the equatorial regions of Africa and Asia, countries
where the climate is most uniform, the forests densest, and
the supply of fruit abundant throughout the year. These
animals are now comparatively well known, consisting of the
orang-utan of Borneo and Sumatra, the chimpanzee and the
gorilla of West Africa, and the group of gibbons or long-armed
apes, consisting of many species and inhabiting South-Eastern

! The Descent of Man, pp. 7, 8.
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Asia and the larger Malay Islands. These last are far less Iike
man than the other three, one or other of whieh has at
various times heen claimed to be the most man.like of the
apes and our nearest relations in the animal kingdom. The
quostion of the degree of resemblance of these animals to
ourselves is onc of great interest, leading, as it does, to some
important conclusions as to our origin and geological antiquity,
and we will therefore briefly consider it.

If wo compare the skeletons of the orang or chimpanzeo
with that of man, we find them to be a kind of distorted
copy, every bone corresponding (with very few exceptions),
but altered somewhat in size, proportions, and position. So
great is this resemblance that it led Professor Owen to
remark: “I cannot shut my eyes to the significance of that
all.pervading similitude of structure—every tooth, every hone,
strictly homologous—which makes the determination of the
differenco between llomo and Pithecus the anatomist’s diffi-
culty.”

The actual differences in the skeletons of these apes and
that of man-—that is, differences dependent on the presence
or absence of certain hones, and not on their form or position
—have been enumerated by Mr. Mivart as follows :—(1) In
the breast-bone consisting of but two bones, man agrees with
the gibbons; the chimpanzee and gorilla having this part
consisting of seven bones in o single series, while in the
orang they are arranged in a double series of ten bones. (2)
The normal number of the ribs in the orang and some gibbons
is twelve pairs, ng in man, while i the chimpanzee and gorilla
there ave thirteen pairs. (3) The orang and the gibbons also
agree with man in having five Jumbar vertebra, while in the
gorilla and the chimpanzee there are but four, and sometimes
only three. (4) The gorilla and chimpanzee agree with man
in having eight small bones in the wrist, while the orang and
the gibbons, as well ag all other monkeys, have nine,!

The differences in the form, size, and attachments of the
various bones, muscles, and other organs of these apes and

1 Man and Apes, DBy St. George Mivart, F.R.8,, 1873. Tt is an
interesting fact {for which X am indebted to Mr. E. B. Poulton) that the
human embryo possesses the extra rib and wrist-bone referred to above in
(2) and (4) as oceurring in some of the apes,
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man are very numerous and exceedingly complex, sometimes
one species, sometimes another agreeing most nearly with
onrselves, thus presenting a tangled web of affinities which it
is very difficult to unravel. Estimated by the skeleton alone,
the chimpanzee and gorilla seem nearer to man than the
orang, which last is also inferior as presenting certain aberra-
tions in the muscles. In the form of the ear the gorilla is
more human than any other ape, while in the tongue the
orang is the more man-like. In the stomach and liver the
gibbons approach nearest to man, then come the orang and
chimpanzee, while the gorilla has a degraded liver more
resembling that of the lower monkeys and baboons.

The Brains of Man and Apes.

We come now to that part of his organisation in which
man I8 s0 much higher than all the lower animals—the brain ;
and hers, Mr. Mivart informs us, the orang stands highest
in rank. The height of the orang’s cerebrum in front is
greatéer in proportion than in either the chimpanzee or the
gorilla.- *On comparing the brain of man with the brains of
the orang, chimpanzee, and baboon, we find a successive
decrease in the frontal lobe, and a snccessive and very great
increase in the relative size of the occipital lobe. Con-
comitantly with this increase and decrease, eertain folds of
brain substance, called ‘bridging convolutions,” which in man
are conspicuously interposed between the parietal and
occipital lobes, scem as ntterly to disappear in the chim-
panzee, as they do in the baboon. In the orang, however,
though muech reduced, they are still to be distinguished. . . .
The actual and absolute mass of the brain is, however, slightly
greater in the chimpanzee than in the orang, as is the relative
vertical extent of the middle part of the cerebrum, although,
as already stated, the frontal portion is higher in the orang;
while, according to M. Gratiolet, the gorilla is not only
inferior to the orang in cerebral development, but even to his
smaller African congener, the chimpanzee.”!

On the whole, then, we find that no one of the great apes
can be positively asserted to be mearest to man in structure.
Each of them approaches him in certain characteristics, while

L Man and Apes, pp. 138, 144,
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in others it is widely removed, giving the idea, so consonant
with the theory of evolution as developed by Darwin, that all
are derived from a common ancestor, from which the existing
anthropoid apes as well as man have diverged. When,
however, we turn from the details of anatomy to peculiarities
of external form and motions, we find that, in a variety of
characters, all these apes resemble each other and differ from
man, so that we may fairly say that, while they have diverged
somewhat from each other, they have diverged much more
widely from ourselves. Let us briefly enumerate some of
these differences,

Euxternal Differences of Man and Apes.

All apes have large canine teeth, while in man these are
no longer than the adjacent incisors or premolars, the whole
forming a perfectly even series. In apes the arms are pro-
portionately much longer than in man, while the thighs are
much shorter. No ape stands really erect, a posturc which
is natural in man, The thumb is proportionately larger in
man, and more perfectly opposable than in that of any ape.
The foot of man differs largely from that of all apes, in the
horizontal sole, the projecting heel, the short toes, and the
powerful great toe firmly attached parallel to the other toes;
all perfectly adapted for maintaining the erect posture, and
for free motion without any aid from the arms or hands. In
apes the foot igs formed almost exactly like our hand, with
a large thumb-like great toe quite free from the other toes,
and so articulated as to be opposable to them ; forming with
the long fingerlike toes a perfect grasping hand. The sole
cannot be placed horizontally on the ground; but when
standing on a level surface the animal rests on the outer edge
of the foot with the finger and thumb-like toes partly closed,
while the hands are placed on the ground resting on the
knuckles. The illustration on the next page (Fig. 37) shows,
fairly well, the peculiarities of the hands and feet of the chim-
panzee, and their marked differences, both in form and use,
from these of man,

The four limbs, with the peculiarly formed feet and hands,
are those of arboreal animals which only occasionally and
awkwardly move on level ground. The arms are used in pro-
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gression equally with the feet, and the hands are only adapted
for uses similar to those of otr hands when the animal is at rest,
and then but clumsily. Lastly, the apes are all hairy animals,
like the majority of other mammals, man alone having a
smooth and almost naked skin. These numerous and striking
differences, even more than those of the skeleton and internal

Fia. 37.—Chimpanzee (Froglodytes niger).

anatomy, point to an enormously remote epoch when the race
that was ultimately to develop into man diverged from that
other stock which continued the animal type and ultimately
produced the existing varieties of anthropoid apes.

Summary of the Animal Characteristics of Man.

The facts now very briefly summarised amount almost to
a demonstration that man, in his bodily structure, has been
derived from the lower animals, of which he is the culminating
development. In his possesgion of rudimentary structures
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which are functional in some of the mammalia; in the
numerous variations of his muscles and other organs agreeing
with characters which are constant in some apes; in his
embryonic development, absolutely identical in character with
that of mammalia in general,and closely resembling in its detuils
that of the higher quadrumana ; in the diseases which he has
in common with other mammalia; and in the wonderful
approximation of his skeleton to those of one or other of the
anthropoid apes, we have an amount of evidence in this
direction which it seems impossible to explain away. And
this evidence will appear more forcible if we consider for
a moment what the rejection of it implies. For the only
alternative supposition is, that man has been specially created—
that is to say, has been produced in some quite different way
from other animals and altogether independently of them,
But in that case the rudimentary structurcs, the animal-like
variations, the identical course of development, and all the other
animal characteristics he possesses are deceptive, and inevitably
lead us, as thinking beings making use of the reason which is
our noblest and most distinetive feature, into gross error.

We cannot believe, however, that a careful study of the
facts of nature leads to conclusions directly opposed to the
truth ; and, as we seek in vain, in our physical structure and
the course of its development, for any indication of an origin
independent of the rest of the animal world, we are compelled
to reject the idea of “special ereation” for man, as being
entirely unsupported by facts as well as in the highest degree
improbable.

The Geological Antiguily of Man.

The evidence we now possess of the exact nature of the
resemblance of man to the various species of anthropoid apes,
shows us that he has little special affinity for any one rather
than ancther species, while he differs from them all in several
important characters in which they agree with each other.
The conclusion to be drawn from these facts s, that his points
of affinity connect him with the whole group, while his special
peculiarities equally separate him from the whole group, and
that he must, therefore, have diverged from the common
ancestral form before the existing types of anthropoid apes
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had diverged from each other. Now, this divergence almost
certainly took place as early as the Miocene period, because in
the Upper Miocene deposits of Western Europe remains of two
species of ape have been found allied to the gibbons, one of
them, Dryopithecus, nearly as large as a man, and believed by
M. Lartet to have approached man in its dentition more than
the existing apes. We seem hardly, therefore, to have reached,
in the Upper Miocene, the epoch of the common ancestor of
man and the anthropoids,

The evidence of the antiquity of man himself is also scanty,
and takes us but very litile way bhack into the past. Wo
have clear proof of his existence in Kurope in the latter stages
of the glacial epoch, with many indications of his presence in
interglacial or even pre-glacial times; while both the actual
remains and the works of man found in the auriferous gravels
of California deep under lava-flows of Pliocene age, show that
he existed in the New World at least as early as in the
Old.? Theso earliest remains of man have been received
with doubt, and even with ridicule, as if there were some
extreme improbability in them. But, in point of fact,
the wonder is that human remains have not been found
more frequently in pre-glacial deposits. Referring to the
most ancient fossil remains found in Europe—the Engis
and Neanderthal erania,—Professor Huxley makes the follow-
ing weighty remark: “In conclusion, I may say, that the
fossil remains of Man hitherto discovered do not seem to me
to take us appreciably nearer to that lower pithecoid form, by
the modification of which he has, probably, become what he
is.” The Californian remains and works of art, above referred
to, give no indication of a specially low form of man ; and it
remains an unsolved problem why no traces of the long line
of man's ancestors, back to the remote period when he first
branched off from the pithececid type, have yet been discovered.

1t has been objected by some writers—notably by Professor
Boyd Dawkins-—that man did not probably exist in Pliocene
times, because almost all the known mammalia of that epoch
are distinet species from those now living on the earth,
and that the same changes of the environment which led to

1 For a skeich of the evidence of Man's Antiquity in America, sea The
Nineteenth Century for November 1887,
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the modification of other mammalian species would also have
led to a change in man. But this argument overlooks the
fact that man differs essentially from all other mammals in
this respect, thut wheroas uny important adaptation to new
conditions can be effected in them only by a change in bodily
structure, man is able to adapt himseli to much greater
changes of conditions by a mental development leading him
to the use of fire, of tools, of clothing, of improved dwellings, of
nets and snares, and of agriculture. By the help of these,
without any change whatever in his bodily structure, he has
been able to spread over and occupy the whole earth; to
dwell securely in forest, plain, or mountain ; to inhabit alike
the burning desert or the arctic wastes; to cope with every
kind of wild beast, and to provide himself with food in
districts where, as an animal trusting to nature’s unaided
productions, he would have starved.!

It follows, therefore, that from the time when the ancestral
man first wulked erect, with hands freed from any active part
in locomotion, and when his brain-power became sufficient to
cange him to use his hands in making weapons and tools,
houses and clothing, to use fire for cooking, and to plant seeds
or roots to supply himself with stores of food, the power of
natural sclection would cease to act in producing modifications
of his body, but would continuously advance his mind through
the development of its organ, the brain, Hence man may
have become truly man—the specics, Homo sapiens—even
in the Mioccens period; and while all other mammals were
becoming modified from age to age under the influence of ever-
changing physical and blologlcal conditions, he would be
advancing mainly in intelligence, but perhaps also in stature,

and by that advance alone would be able to maintain himsgelf
as the master of all other animals and as the most widespread
oceupier of the earth. It is quite in accordance with this view
that we find the most pronounced distinction between man
and the anthropoid apes in the size and complexity of his
brain.  Thus, Professor Huxley tells us that “it may bo
doubted whether a healthy human adult brain ever weighed

! Thig subject was first discussed in an article in the Awnthropological
Review, May 1364, and republished in my Contributions to Natural Selection,
¢hap, ix, in 1870,
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less than 31 or 32 ounces, or that the heaviest gorilla
brain has exceeded 20 ounces,” although “a full-grown
gorilla. is probably pretty nearly twice as heavy as o Bosjes
man, or 23 many an Furopean woman.”! The average
human brain, however, weighs 48 or 49 ounces, and if we take
the average ape brain at only 2 ounces less than the very
largest gorillw’s brain, or 18 ounces, we shall see better the
enormous inerease which has taken place in the brain of man
since the time when he branched off from the apes; and this
increage will be still greater if we consider that the brains of
apes, like those of all other mammals, have also increased
from earlicr to later geological times.

If these various considerations are taken into account, we
must conciude that the essential features of man’s structure
ag compared with that of apes—his erect posture and free
hands—-~were acquired at a comparatively early period, and
were, in fact, the characteristies which gave him his siiperiority
over other mammals, and started him on the line of develop-
ment which has led to his conquest of the world. But during
this long and steady development of brain and intellect, man-
kind must have continuously increased in numbers and in
the area which they’ occupied—they must have formed what
Darwin terms a “dominant raco.” For had they been few in
numbers and confined to a limited ares, they eould hardly
have successfully struggled against the numerons fierce
carnivora of that period, and against those adverse influences
which led to the extinction of so many wmore powerful
animals. - A large population spread over an extensive area
is also needed td supply an adequate number of brain varia-
tions for man’s progressive improvement. But this large
population and long-continued development in a single line
of advance renders it the more difficult to account for
the complete absence of human or pre-human remains in
all those deposits which have furnished, in such rich
abundance, the remains of other land animals, It'is true
that the remains of apes are also very rare, and we may
well suppose that the superior intelligence of man led him to
avoid that extensive destruction by flood or in morass which
seems to have often overwhelmed other animals. Yet, when

b Man's Place in Nature, p, 102,
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we consider that, even in our own day, men are not unfre-
quently overwhelmed by voleanic ernptions, as in Java and
Japan, or carried away in vast numbers by floods, as in Bengal
and China, it seems impossible but that ample remains of
Miocene and Pliocene man do exist buried in the most recent
layers of the earth’s crust, and that more extended research
or some fortunate discovery will some day bring them to
light. .

The Probable Birthplace of Man.

It has usually been considered that the ancestral form of
man originated in the tropies, where vegetation iz most
abundant and the climate most cquable.  But there are soms
important objections to this view. The anthropoid apes, as
well as most of the monkey tribe, are essentially arboreal in
their structure, whereas the great distinetive character of man
is hig special adaptation to terrestrial locomotion. We can
hardly suppose, thereforo, that he originated in a forest region,
where fruits to be obtained by climbing are the chicf vegetable
fond. It is more probable that he began his existenco on the
open plains or high plateatix of the temperate or sub-tropical
zone, where the seeds of indigenous cereals and numerons
herbivora, rodents, and game-birds, with fishes and molluses in
the lakes, rivers, and seas supplied him with an abundance of
varied food. In such a region he would develop skill as a
hunter, trapper, or fisherman, and later as a herdsman and
cultivator,—a succession of which we find indications in the
palmolithic and neolithic races of Xurope.

In seeking to determine the particular areas in which his
earliest traces are likely to be found, we are restricted to
some portion of the Eastern hemisphere, where alone the
anthropoid apes exist, or have apparently ever existed,

There is good reason to beliove, also, that Africa must be
excluded, because it is known to have been separated from
the northern continent in carly tertiary times, and to have
acquired its existing fauna of the higher mammalia by a
later union with that continent after the separation from it of
Madngascar, an island which has preserved for us a sample, as
it were, of the early African mammalian fauna, from which
not only the anthropoid apes, but all the higher quadrumana
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are absent.! There remains only the great Luro-Asiatic con-
tinent; and its enormous plateaux, extending from Persia
right across Tibet and Siberia to Manchuria, afford an area,
some part or other of which probably offered suitable con-
ditions, in late Miocene or early Pliocene times, for the develop-
ment of anceatral man.

It is in this area that we still find that type of mankind—
the Mongolian—which retains a colour of the skin midway
between the black or brown-black of the negro, and the ruddy
or olive-white of the Caucasian types, a colour which still
prevails over all Northern Asia, over the American continents,
and over much of Polynesia. From this primary tint arose,
under the influence of wvaried conditions, and probably in
correlation with constitutional changes adapted to peculiar
climates, the varied tints which still exist among mankind. If
the reasoning by which this conclusion is reached be sound, and
all the earlier stages of man's development from an animal
form occurred in the area now indicated, we can better under-
stand how it is that we have as yet met with no traces of the
missing links, or even of man’s existence during late tertiary
times, becanse no part of the world is so entirely unexplored
by the geologist as this very region. 'The area in question is
sufficiently extensive and varied to admit of primeval man
having attained to a considerable population, and having
developed his full human characteristics, both physical and
mental, before there was any need for him to migrate beyond
its limits, One of his earliest important migrations was
probably into Afriea, where, spreading westward, he became
modified in colour and hair in correlation with physiological
changes adapting him to the climate of the equatorial low-
lands. Spreading north-westward into Furope the moist and
cool climate led to a modification of an opposite character, and
thus may have arisen the three great human types which still
exist. Somewhat later, probably, he spread eastward into
North-West America and soon scattered himself over the
whole continent; and all this may well have occurred in
early or middie Pliocene times. Thereafter, at very. long
intervals, successive waves of migration carried him into every

1 For & full discussion of this question, see the author's Geographical
Distribution of Animals, vol. L p. 285,
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part of the habitable world, and by conquest and intermixture
led ultimately to that puzeling gradation of types which the
ethnologist in vain seeks to unvavel,

The Origin of the Moral and Intellectual Nature of Man,

From the foregoing discussion it will be seen that I fully
accept Mr. Darwin’s conclusion as to the essential identity of
man’s bodily structure with that of the Ligher mammalia, and
his descent from some ancestral form common to man and
the anthropoid apes.  The cvidence of such descent appears
to me to be overwhelming and conclusive. Again, as to the
cause and method of such descent and modification, we may
admit, at all events provisionally, that the laws of variation
and natural selection, acting through the struggle for existence
and the eontinual need of more perfeet adaptation to the
physical and biological environments, may have brought about,
first that perfection of bodily structure i which he is so far
above all other animals, and in co-ordination with it the
larger and more developed brain, by means of which he has
been able to utilise that structure in the more and more
complete subjection of the whole animal and vegetable king-
doms to his service.

But this is only the beginning of Mr. Darwin's work, since
he goes on to discuss the moral nature and mental faculties of
man, and derives these too by gradual modification and de-
velopment from thelower animals. Although, perhaps, nowhere
distinctly formulated, his whole argument tends to the con-
clusion that man's entire nature and all his faculties, whether
moral, intellectual, or spiritual, have been derived from their
rudiments in the lower animals, in the same manner and by
the action of the same general laws as his physical structure
has been derived. As this conclusion appears to me not to be
supported by adequate evidence, and to be directly opposed to
many well-ascertained facts, I propose to devote a brief space
to its discussion.

The Argument from Continuify.

Mr. Darwin’s mode of argument consists in showing that
the rudiments of most, if not of all, the mental and moral
faculties of man can be detected in some animals. The
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manifestations of intelligence, amounting in some ecanses to
distinet acts of reasoning, in many animals, are adduced as
exhibiting in a much less degreo the intelligence and reason
of man. Instances of curiosity, imitation, attention, wonder,
and memory are given; whilo examples are also adduced
which may be interpreted as proving that animals exhibit
kindness to their fellows, or manifest pride, contempt, and
shame. Some are said to have the yudiments of language,
because they utter several different sounds, each of which has
a definite meaning to their fellows or to their young; others
the rudiments of arithmetic, becanse they seem to connt and
remember up to three, four, or even five. A sense of beauty
is imputed to them on account of their own bright colours or
the use of coleured objects in their nests; while dogs, cats,
and horses are said to have imagination, becanse they appear
to be disturbed by dreams. Even some distant approach to
the rudiments of religion is said to be found in the deep love
and complete submission of a dog to his master.!

Turning from animals to man, it is shown that in the
lowest savages many of these faculties are very little advanced
from the condition in which they appear in the higher animals ;
while others, although fairly well exhibited, are yet greatly
inferior to the point of development they have reached in
civilised races, In particular, the moral sense is said to have
been developed from the social instinets of savages, and to
depend mainly on the enduring discomfort produeed by any
action which excites the general disapproval of the tribe.
Thus, every act of an individnal which is believed to le
contrary to the interests of the tribe, excites its unvarying
disapprobation and is held to be immoral ; while every act, on
the other hand, which is, as a rule, beneficial to the tribe, is
warmly and constantly approved, and is thus considered to
be right or moral. From the mental struggle, when an act
that would benefit self is injurious to the tribe, there arises
conscience ; and thus the social instinets are the foundation of
the moral sense and of the fundamental principles of morality.?

The question of the origin and nature of the moral eense
and of conscience is far too vast and complex to be discussed

! For a full discussion of all these points, see Descent of Man, chap. iii,
2 Descent of Afan, chap. iv.
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here, and a reference to it has been introduced only to complete
the sketch of Mr. Darwin’s view of the continuity and gradual
development of all human faculties from the lower animals up
to savages, and from savage up to civilised man. The point
to which I wish specially to call attention is, that to prove
continuity and the progressive development of the intellectual
and moral faculties from animals to man, is not the same as
proving that these facultics have been developed by natural
gelection; and this last iz what Mr, Darwin has hardly
attempted, although to support his theory it was absolutely
essential to prove it. Beeause man’s physical structure has been
developed from an animal form by natural selection, it does not
necessarily follow that his mental nature, cven though developed
part passw with it, has been developed by the same causes only.

To illustrate by a physical analogy. Upheaval and depres-
sion of land, combined with sub-aerial denudation by wind
and frost, rain and rivers, and marine denudation on coast-
lines, were long thought to account for all the modelling of
the earth’s surface not directly due to voleanic action ; and
in the early editions of Lyell's Principles of Geology these
are the sole causes appealed to. DBut when the action of
glaciers was studied and the recent occnrrence of a glacial epoch
demonstrated as a fact, many phenomena-—such as moraines
and other gravel deposits, boulder clay, erratic bouldexs,
grooved and rounded rocks, and Alpine lake basins—iwere seen
to be due to this altogother distinet cause. There was no breach
of econtinnity, no sudden eatastrophe; the cold period came
on and passed away in the moest gradual manner, and its effects
often passed insensibly into those produced by denudation or
upheaval ; yet none the less a4 new agency appeared at a
definite time, and new effects were produced which, though
continuous with preceding effects, were not due to the same
causes. It is not, therefore, to be assumed, without proof
or against independent evidenee, that the later stauges of an
apparently continuous development are neccssarily due to the
same causes only as the carlier stages. Applying this argn-
ment to the case of man’s intellectual and moral nature, I
propose to show that eertain definite portions of it could not
have been developed by variation and natural selection alone,
and that, therefore, some other influence, law, or agency is
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required to account for them. If this ean be clearly shown
for any one or more of the special faculties of intcllectual man,
we shall be justified in assuming that the same unknown cause
or power may have had a much wider influence, and may
have profoundly influenced the whole course of his develop-
ment.

The Ovigin of the Mathemiatical Facully,

We have ample evidence that, in all the lower races of man,
what may be termed the mathematical faculty is, either absent,
or, if present, quite unexercised. The Dushmen and the
Brazilian Wood-Indians are said not to eount beyond two.
Many Australian tribes only have words for one and two,
which are combined to mnke three, four, five, or six, beyond
which they do not connt. The Damaras of South Afriea
only count to three; and Mr. Galton gives a curious descrip-
tion of how one of them was hopelessly puzaled when he had
sold two sheep for two sticks of tobaceo each, and received
four sticks in payment. He could only find out that he was
correctly paid by taking two sticks and then giving one sheep,
then receiving two sticks more and giving the other sheep.
Even the comparatively inteliectual Zulus can only count up
to ten by using the hands and fingers. The Ahts of North-West
America count in nearly the same manner, and most of the
tribes of South America are mno further advanced.! The
Kaffirs have great herds of cattle, and if one is lost they miss
it immediately, but this is not by counting, but by noticing
the absence of one they know ; just as in a large family or a
school a boy is missed without going through the process of
counting.  Somewhat higher races, as the Esquimaux, can
count up to twenty by using the hands and the feet; and
other races get even further than this by saying “one man”
for twenty, *two men” for forty, and so on, equivalent to our
rural mode of reckoning by scores. From the faet that so
many of the existing savage races can only connt to four or
five, Sir John Lubbock thinks it improbable that our earliest
ancestors could have counted as high as ten.?

! Lubbock's Origin of Civilisation, fourth edition, pp. 434-440; Tyloer's
Primitive Culture, chap. vii.

2 It has becn recently stated that some of these facts are erromeous, and
that rome Australians can keep aceurate reckening up to 100, or more, when
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When we turn to the more eivilised races, we find the
use of numbers and the art of counting greatly extended.
Even the Tongas of the South Sea islands are said to have
been able to count as high as 100,000. But mere count-
ing does not imply either the possession or the use of any-
thing that can be really called the mathematical faculty, the
exercise of which in any broad sense has only been possible
since the introduction of the decimal notation. The Greeks,
the Romans, the Egyptians, the Jews, and the Chinese had
all such cumbrous systems, that anything like a science of
arithmetic, beyond very simple operations, was impossible ;
and the Roman system, by which the year 1888 would bewritten
MDCCCLXXXVHI, was that in common use in Europe down
to the fourteenth or fifteenth c¢enturies, and even much later in
some places, Algobra, which was invented by the Hindoos, from
whom also came the decimal notation, was not introduced into
Europe till the thirteanth ¢entury, althongh the Greeks had some
acquaintance with it; and it reached Western Europe from Ttaly
only in the sixteenth century.l It was, no doubt, owing to the
absence of a sound system of numeration that the mathematical
talent of the Greeks was directed chiefly to geometry, in which
science Euclid, Archimedes, and others made such brilliant dis-
coveries. Itis, however,during the last three centuries only that
the civilised world appears to have become conacious of the
possession of a marvellons faculty which, when supplied with
the necessary tools in the decimal notation, the elements of
algebra and geometry, and the power of rapidly communicating
discoveries and ideas by the art of printing, has developed to
an extent, the full grandeur of which can be appreciated only
by those who have devoted some time {even if unsuccessfuily)
to the study.

The facts now set forth as to the almost total absence of
mathematical faculty in savages and its wonderful development
in quite recent times, are exceedingly suggestive, and in regard

required. But this does not alter the general fact that many low races,
including the Australiang, have no words for high numbers and never require
to use them. If they are now, with a little practice, able to count much
higher, this indicates the possession of a faculty which could not have been
developed under the law of utility only, since the absence of words for such
high numbers shows that they were neither used nor required.

1 Article Arithmetic in Eng. Cyc. of Aris and Seiences.

2H
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to them we are limited to two possible theories. Either pre.
historic and savage man did not possess this faculty at all
(or only in it¢ merest rudiments) ; or they did possess it, but
had neither the means nor the incitements for its exercise.
In the former case we have to ask by what means has this
faculty been so rapidly developed in all civilised races, many
of which a few centuries back were, in this respeet, almost
savages themselves ; while in the latter case the difficulty ie
still greater, for we have to assume the existence of a faculty
which had never heen used either by the supposed possessors
of it or by their ancestors.

Let us take, then, the least difficult supposition—that
savages possessed only the mere rudiments of the faculty, such
as their ability to count, sometimes up to ten, but with an
utter inability to perform ths very simplest processes of
arithmetic or of geometry—and inguire how this rudimentary
faculty became rapidly developed into that of a Newton, a
La Place, & Gauss, or a Cayley. We will admit that there is
every possible gradation between these extremes, and that
there has been perfect continuity in the development of the
faculty ; but we ask, What motive power caused its develop-
ment ?

1t must be remembered we are here dealing solely with
the capability of the Darwinian theory to account for the
origin of the mind, as well as it accounts for the origin of the
body of man, and we must, therefore, recall the essential features
of that theory. These are, the preservation of wuseful varia-
tions in the struggle for life ; that no creature can be improved
beyond its neeessities for the time being ; that the law acts by
life and death, and by the survival of the fittest. We have to
ask, therefore, what relation the successive stages of improve-
ment of the mathematical faculty had to the life or death of
its possessors ; to the struggles of tribe with tribe, or nation
with nation; or to the ultimate survival of one race and the
extinction of another. If it cannot possibly have bad any
such effects, then it cannot have been produced by natural
selection, :

Tt is evident that in the struggles of savage man with the
elements and with wild beasts, or of tribe with tribe, this
faculty can have had no influence. It had nothing to do with
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the early migrations of man, or with the conquest and exter
mination of weaker by more powerful peoples. The Greeks
did not suceessfully resist the Persian invaders by any aid
from their few mathematicians, but by military training,
patriotism, and self-sacrifice. The barbarous conquerors of
the East, Timurlane and Gengkhis Khan, did not owe their
success to any superiority of intellect or of mathematical
faculty in themselves or their followers. FEven if the great
conguests of the Romans were, in part, due to their systematic
military organisation, and to their skill in making reads and
encampments, which may, perhaps, be imputed to some exercise
of the mathematical faculty, that did not prevent them from
being conquered in turn by barbarians, in whom it was almost
entirely absent, And if we take the most civilised peoples of
the ancient world—the Hindoos, the Arabs, the Greeks, and
the Romans, all of whom had some amount of mathematical
talent—we find that it is not these, but the descendants of the
barbarians of those days—the Celts, the Teutons, and the
Slavs—who have proved themselves the fittest to survive in
the great struggle of races, although we cannot trace their
gteadily growing success during past centuries either to the
possession of any exceptional mathematical faculty or to its
exercise. They have indeed proved themselves, to-day, to be
possessed of a marvellous endowment of the mathematieal
faculty ; but their success at home and abroad, as colonists or
ag conquerors, ag individuals or as nations, can in no way be
traced to this faculty, since they were almost the last who
devoted themselves to its exercise. We conclude, then, that
the present gigantic development of the mathematical faculty
is wholly unexplained by the theory of natural selection, and
must be due to some altogether distinct cause.

The Origin of the Musical and Artistic Faculties.

These distinctively human faculties follow very closely the
lines of the mathematical faculty in their progressive develop-
ment, and serve to enforce the same argument. Among the
lower savages music, as we understand it, hardly exists, though
they all delight in rude musical sounds, as of drums, tom-toms,
or gongs ; and they also sing in monotonous chants, Almost
exactly as they advance in general intellect, and in the arts
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of social life, their appreciation of music appears to rise in
proportion; and we find among them rude stringed instruments
and whistles, till, in Java, we have regular bands of skilled
performers probably the suecessors of Hindoo musicians of
the age before the Mahometan conquest. The Egyptiang are
believed to have been the earliest musicians, and from them
the Jews and the Greeks, no doubt, derived their knowledge
of the art; but it seems to be admitted that neither the latter
nor the Romans knew anything of harmony or of the essential
features of modern music.! 'Till the fifteenth century little
progress appears to have been made in the science or the
practice of music; but since that era it has advanced with
marvellous rapidity, its progress being curiously parallel with
that of mathematics, inasmuch as great musical geniuses
appeared suddenly among different nations, equal in their
possession of this special faculty to any that have since
arisen,

As with the mathematical, so with the musical faculty,
it is impossible to trace any connection hetween its possession
and survival in the struggle for existence. It seems to have
arisen as a resulf of social and intellectual advancement, not
as a cause ; and there is some evidence that it is latent in the
lower rtaces, since under European training native military
bands have been formed in many parts of the world, which
have been able to perform creditably the best modern musie.

The artistic faculty has run a somewhat different course,
though analogons to that of the faculties aiready diseussed.
Most gavages exhibit some rudiments of it, either in drawing
or carving human or animal figures; but, almost without
exception, these figures are rude and such as would be
exeeuted by the ordinary inartistic child. In fact, modern
savages are, in this respect hardly equal fo those prehistorie
men who represented the mammoth and the reindeer on pieces
of horn or bone. 'With any advance in the arts of social life,
we have a corresponding advance in artistic skill and taste,
rising very high in the art of Japan and India, but culminating
in the marvellous sculpture of the best period of Grecian
history. In the Middle Ages art was chiefly manifested in

1 See “History of Music,” in Eng, Cye,, Sclence and Arts Division.
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ecclesiastical architecture and the illumination of manuseripts,
but from the thirteenth to the fifteenth centuries pictorial art
revived in Italy and attained to a degree of perfection which
has never been surpassed, This revival was followed closely
by the schools of Germany, the Netherlands, Spain, France,
and England, showing that the true artistic faculty belonged
to 1o one nation, but was fairly distributed among the various
European races,

These several developments of the artistic faculty, whether
manifested in sculpture, painting, or architecture, are evi-
dently outgrowths of the human intellect which have no im-
mediate influence on the survival of individuals or of tribes,
or on the success of nations in their struggles for supremacy
or for existence. The glorious art of Greece did not prevent the
nation from falling under the sway of the less advanced Roman;
while we ourselves, among whom art was the latest to arise,
have taken the lead in the colonisation of the world, thus
proving our mixed race to be the fittest to survive.

Independent Proof that the Mathematicad, Musical, and Artistic
Faculties have not boen Developed under the Law of Natural
Selection.

The law of Natural Selection or the survival of the fittest
is, as its name implies, a rigid law, which acts by the life or
death of the individuals submitted to its action. From its
very nature it can act only on useful or hurtful characteristics,
eliminating the latter and keeping up the former {o a faivly
general level of efficiency. Hence it necessarily follows that
the characters developed by its means will be present in all
the individuals of a species, and, though varying, will not vary
very widely from a common standard. The amount of varia-
tion we found, in our third chapter, to be about one-fifth or
one-sixth of the mean value——that is, if the mean value were
taken at 100, the variations would reach from 80 to 120, or
somewhat more, if very large numbers were compared. In
accordance with this law we find, that all those characters in
man which were certainly essential to him during his early
stages of development, exist in all savages with some approach
to equality. In the speed of running, in bodily strength, in
gkill with weapons, in acuteness of vision, or in power of
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following a trail, all are fairly proficient, and the differences
of endowment do not probably exceed the limits of variation
in animals above referred to. So, in animal instinet or intel-
ligence, we find the same general level of development. Every
wren makes a fairly good nest like its fellows ; every fox has
an average amount of tho sagacity of its race; while all the
higher birds and mammals have the necessary affections and
instinets needful for the protection and bringing-up of their
offspring.

But in those specially developed faculties of civilised man
which we have been considering, the case is very different.
They exist only in a small proportion of individuals, while
the difference of capacity between these favoured individuals
and the average of mankind is enormous. Taking first the
mathematical faculty, probably fewer than one in a hundred
really possess it, the great bulk of the population having
no mnatural ability for the study, or feeling the slightest
interést in it.! And if we attempt to measure the
amount of variation in the faculty itself between a first-
clags mathematician and the ordinany run of people who find
any kind of caleulation confusing and altogether devoid of
interest, it s probable that the former could not be estimated
at less than a hundred times the latter, and perhaps a thousand
times would more nearly measure the difference between
them,

The artistic faculty appears to agree pretty closely with
the mathematical in its frequency. The boys and girls whe,
going beyond the mere conventional designs of children, draw
what they se¢, not what they know to be the shape of things;
who naturally sketch in perspective, because it is thus they
see objects ; who see, and represent in their sketches, the light
and shade as well as the mere outlines of objects; and who
can draw recognisable sketches of every one they know, are
certainly very few compared with those who are totally incap-

1 This is the estimate furnished me by two mathematical masters in one of
our great public schools of the proportion of boys who have any special
taste or capacity for mathematical studies. Many more, of course, can he
drilled into a fair knowledge of slementary mathematics, but only this small
proportion possess the natural faculty which renders it possible for them ever
to rank high as mathematicians, to take any pleasure in it, or to do any
original mathematical work.
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able of anything of the kind. F¥rom some inquiries I have
made in schools, and from my own observation, I believe that
those whe are endowed with this natural artistic talent do
not exceed, even if they come up to, one per cent of the whole
population.

The variations in the amount of artistic faculty are certainly
very great, even if we do not take the extremes, The grada-
tions of power between the ordinary man or woman *who
does not draw,” and whose attempts at representing any
object, animate or inanimate, weuld be laughable, and the
average good artist who, with a few bold strokes, can produce
a recognisable and even effective sketch of a landscape, a
street, or an animal, are very numerous ; and we can hardly
measure the difference between them at less than fifty or a
hundred fold.

The musical faculty is undoubtedly, in its lower forms,
less uncommon than either of the preceding, but it still differs
essentially from tho necessary or useful faculties in that it
i almost entirely wanting in one-half even of civilised men.
For every person who draws, as it were instinctively, there are
probably five or ten who sing or play without having been
taught and from mere innate love and perception of melody
and harmony.! On the other hand, there are probably about
as many who seem absolutely deficient in musical pereeption,
who take little pleasure in it, who cannot perceive digcords or
remember tunes, and who could not learn to sing or play with
any amount of study. The gradations, too, are here quite
as great as in mathematics or pictorial art, and the special
faculty of the great musical composer must be reckoned many
hundreds or perhaps thousands of times greater than that of
the ordinary “unmusical ” person above referred to.

It appears then, that, both on account of the limited
number of persons gifted with the mathematical, the artistic,
or the musical faculty, as well as from the enormous variations
in its development, these mental powers differ widely from
those which are essential to man, and are, for the most part,
common to him and the lower animals; and that they could

! I am informed, howaver, by a music master in a large school that only
ahont one per cent have real or decided musical talent, corresponding curiously
with the estimate of the mathematiciana.
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not, therefore, possibly have been developed in him by means
of the law of natural selection.

We have thus shown, by two distinet lines of argument,
that faculties are developed in civilised man which, both in
their mode of origin, their function, and their variations, are al-
together distinet from those other characters and facultics which
are essential to him, and which have been brought to their
actual state of efficiency by the necessities of his existence,
And besides the three which have been specially referred to,
there are others which evidently belong to the same class.
Such is the metaphysical faculty, which enables us to form
abstract conceptions of a kind the most remote from all
practical applications, to discuss the ultimate causes of things,
the nature and qualities of matter, motion, and forco, of space
and time, of cause and effect, of will and conscience. Specu-
lations on these abstract and difficult questions are impossible
to savages, who seem to have no mental faculty enabling them
to grasp the essential ideas or conceptions ; yet whencver any
race attains to civilisation, and comprises a body of people who,
whether as priests or philosophers, are relieved from the
necessity of labour or of taking an active part in war or
government, the metaphysical faculty appears to spring sud-
denly into existence, although, like the other faculties we have
referred to, it is always confined to a very limited proportion
of the population,

In the same class we may place the peculiar faculty of wit
and humour, an altogether natural gift whose development
appears to be parallel with that of the other exceptional
faculties. Like them, it is almost unknown among savages,
but appears more or less frequently as civilisation advances and
the interests of life become more numerous and more complex.
Like them, too, it is altogether removed from utility in the
struggle for life, and appears sporadically in a very small per-
centage of the population; the majerity being, as is well
known, totally unable to say a witty thing or make a pun
even to save their livea!

1 Jn the latter part of his essay on Heredity (pp. 91-83 of the volume of
Essays), Dr. Weismann refers to this question of the origin of *“talents” in
man, and, like myself, comes to the conclusion that they could not he developed
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The Interpretation of the Facts.

The facts now sct forth prove the existence of a number
of mental faculties which either do not exist at all or exist
in a very rudimentary condition in savages, but appear
almost suddenly and in perfect development in the higher
civilised races. These same faculties are further distinguished
by their sporadie character, being well developed only in a
very small proportion of the community ; and by the enormous
amount of variation in their development, the higher mani-
festations of them being many times—perhaps a hundred or
a thousand times—stronger than the lower. Each of these
characteristics is totally inconsistent with any action of the
law of natural selection in the produetion of the faculties
referred to; and the faets, taken in their entirety, compel
us to recognise some origin for them wholly distinet from that
which has served to account for the animal characteristics—
whether bodily or mental—of man.

under the law of natural selection, He says: “It may be objected that, in
man, in addition te the instinets inherent in every individual, special indi-
vidnal predispositions are also found, of such a nature that it is impossible
they can have arisen by judividual variations of the germ-plasm. On the
other hand, these predispositions—which we call talents—cannot have arisen
through natural selection, because life is in no way dependent on their presence,
and thera seers to he no way of explaining their ongin except by an assamp-
tion of the amnmation of the skill attained by exercize in the course of each
single life. Tn this case, therefore, we seem at first sight to be compelled to
accept the dransmission of acquired characters.” Weismaun theun goes on to
show that the facts do not support this view ; that the mathematical, musical,
or arlistic facnlties often appear suddenly in a family whose other members
and ancestors were in no way distinguished ; and that even when hereditary
in families, the talent often appears at it3 maximwumn at the commencement or
in the middle of the series, not increasing to the end, as it should do if it
depended in any way on the transmission of acquired skill. Gauss was not the
son of & mathematician, nor Handel of a musician, nor Titian of a painter, and
there is no proof of any special talent in the ancestors of these men of genius,
who &t once developed the most marvellous pre-eminence in their respective
talents. And after showing that such great men only appenr at certain stages
of human development, and that two or more of the specinl talenta are not
unfrequently combined in one individual, he concludes thus—

“Upon thia subject I only wish to add that, in my opinion, talenis do not
appear to depend upon the improvement of sny special mental quality by
continued practice, but they are the expression, and to a certain extent the
bye-product, of the human mind, which is so highly developed in all
directions.”

It will, I think, be admitted that this view hardly accounta for the
existence of the highly peculiar human faculties in question.
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The special faculties we have been discussing clearly point
to the existence in man of something which he has not derived
from his animal progenitors—something which we may best
refer to as being of a spiritual essence or nature, capable of
progtessive development under favourable conditions. On
the hypothesis of this spiritual nature, superadded to the
amimal naturc of man, we are able to understand mueh that
is otherwise mysterious or unintelligible in regard to him,
especially the enormous influence of ideas, principles, and
beliefs over his whole life and actions. Thus alone we can
understand the constancy of the martyr, the unselfishness of
the philanthropist, the devetion of the patriot, the enthusiasm
of the artist, and the resolute and persevering search of
the scientific worker after nature’s secrets. Thus we may
perceive that the love of truth, the delight in beauty, the
passion for justice, and the thrill of exultation with which we
hear of any act of courageous self-sacrifice, are the workings
within us of a higher nature which has not been developed
by means of the struggle for material existence.

It will, no doubt, be urged that the admitted continuity of
man’s progress from the brute does not admit of the introduc-
tion of new causes, and that we have no evidence of the
sudden change of nature which such introduction would bring
about. The fallacy as to new causes involving any breach of
continuity, or any sudden or abrupt change, in the cifects, has
already been shown ; but we will further point out that there
are at least three stages in the development of the organic
world when some new cause or power must necessarily have
come into action.

The first stage is the change from inorganic to organic,
when the earliest vegetable cell, or the living protoplusm out
of which it arose, first appeared. This is often imputed to
a mere increase of complexity of chemical compounde; but
increase of complexity, with consequent instability, even if we
admit that it may have produced protoplasm as a chemical
compound, could certainly not have produced living protoplasm
—protoplasm which has the power of growth and of reproduc-
tion, and of that continuous process of development which has
resulted in the marvellous variety and complex organisation of
the whole vegetable kingdom. There is in all this something
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quite beyond and apart from chemical changes, however
complex ; and it has been well said that the first vegetable
cell was a new thing in the world, possessing altogether new
powers—that of extracting and fixing carbon from the carbon-
dicxide of the atmosphere, that of indefinite reproduction,
and, still more marvellous, the power of variation and of
reproducing these variations till endless complications of
structure and varieties of form have been the result, Here,
then, we have indications of a new power at work, which we
may term wifalify, since it gives to certain forms of matter
all those characters and properties which constitute Life.

The next stage is still more marvellous, still more completely
bayond all possibility of explanation by matter, its laws and
forces. It is the introduction of sensation or consciousness,
constituting the fundamental distinetion between the animal
and vegetable kingdoms. Here all idea of mere complication
of structure producing the result is out of the question. We
feel it to be altogether preposterous to assume that at a certain
stage of complexity of atomie constitution, and as a necessary
result of that complexity alone, an cgo should start into
existence, a thing that feels, that is conscious of its own existence.
Hers we have the certainty that something new has arisen, a
being whose nascent consciousness has gone on increasing in
power and definiteness till it has culminated in the higher
animals. No verbal explanation or attempt at explanation—
such as the statement that life is the result of the molecular
forces of the protoplasm, or that the whole existing organic
universe from the ameba up to man was Iatent in the fire-mist
from which the solar system was developed-—can afford any
mental satisfaction, or help us in any way to a solution of the
mystery.

The third stage is, as we have seen, the existence in man
of a number of his most characteristic and noblest faculties,
those which raise him furthest above the brutes and open up
possibilities of almost indefinite advancement. These faculties
could not possibly have been developed by means of the same
laws which have determined the progressive development of the
organic world in general, and also of man’s physical organism.!

1 For an earlier discussion of this subject, with sonie wider applications, see
the author's Contributions to the Theory of Natural Sel¢ection, chap. x,
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These three distinet stages of progress from the inorganic
world of matter and motion up to man, point clearly to an
unseen universe—to a world of spirit, to which the world of
matter is altogether subordinate. To this spiritual world we
reay refer the marvellously complex forces which we know
ag gravitation, cohesion, chemical force, radiant force, and
electricity, without which the material universe could not
exist for a moment in its present form, and perhaps not at all,
since withont these forces, and perhaps others which may be
termed atomic, it is doubtful whether matter itself conld have
any existence. And still mors surely ean we refer to it those
progressive manifestations of Life in the vegetable, the
animal, and man—which we may classify as unconseious,
conscious, and intellectual life,—and which prohably depend
upon different degrees of spivitual intlux. I have already
shown that this involves no necessary infraction of the law of
continuity in physical or mental evolution ; whence it follows
that any difficulty we may find in discriminating the inorganic
from the organie, the lower vegetable from the lower animal
organisms, or the higher animals from the lowest types of
man, has no bearing at all upon the question. This is to
be decided by showing that a change in essential nature (due,
probably, to causes of a higher order than those of the
material universe) took place at the several stages of progress
which I have indicated ; a change which may be none the less
real because absolutely imperceptible at its point of origin,
as is the change that takes place in the curve in which a body
is moving when the application of some new foree causes the
curve to be slightly altered.

Concluding Remarks.

Those who admit my interpretation of the evidence now ad-
duced-—strictly scientific evidence in its appeal to facts which
are clearly what ought nof to be on the materialistic theory—
will be able to accept the spiritual nature of man, as not in
any way inconsistent with the theory of evolution, but as de-
pendent on those fundamental laws and caunses which furnish
the very materials for evolution to work with. They will
also be relieved from the crushing mental burthen imposed
upon those who—maintaining that we, in common with the
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rest of nature, are but products of the blind eternal forces of
the universe, and believing also that the time must come when
the sun will lose his heat and all life on the earth necessarily
cease—have to contemplate a not very distant future in which
all this gloriouy earth—which for untold millions of years has
been slowly developing forms of life and bheauty to culminate
at Jast in man—shall be as if it had never existed ; who are
compelled to suppose that all the slow growths of our race
struggling towards a higher life, all the agony of martyrs, ali
the groans of victims, all the evil and misery and undeserved
suffering of the ages, all the struggles for freedom, all the
efforts towards justice, all the aspirations for virtue and the
wellbeing of humanity, shall abselutely vanish, and, ¢ like the
baseless fabric of a vision, leave not a wrack behind.”

As contrasted with this hopeless and soul-deadening belief,
we, who accept the existence of a spiritnal world, can look
upon the universe as a grand consistent whole adupted in all
its parts to the development of spiritnal beings capable of
indefinite life and perfectibility. To us, the whole purpose,
the only raison d'étre of the world—with all its complexities
of physical structure, with its grand geological progress, the
slow evolution of the vegetable and animal kingdoms, and
the ultimate appearance of man—was the development of the
human spirit in association with the human body. From the
fact that the spirit of man—the man himself—is su developed,
wo may well believe that this is the only, or at least the best,
way for its development; and we may even sce in what is
usually termed “evil” on the earth, one of the most efficient
means of its growth. For we know that the noblest
faculties of man are strengthened and perfected by struggle
and effort; it is by unceasing warfare against physical evils
and in the midst of difficulty and danger that energy,
courage, self-reliance, and industry have become the common
qualities of the northern races; it is by the battle with
moral evil in all its hydra-headed forms, that the still
nobler qualities of justice and mercy and humanity and self-
sacrifice have been steadily increasing in the world. Beings
thus trained and strengthened by their surroundings, and
possessing latent faculties capable of such noble development,
are surely destined for a higher and more permanent exist-
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ence ; and we may confidently belisve with our greatest living
poet—
That life is not as idle ore,

But iron dug from contral gloom,
And heated hot with hurning fears,
And dipt in bhaths of hissing tears,
And batter'd with the shocks of doom

To shape and use.

Wo thus find that the Darwinian theory, even when
carried out to its extreme logical conclusion, not only does not
opposs, but lends a decided support to, a belief in the spiritual
nature of man. It shows us how man’s body may have been
developed from that of a lower animal form under the law of
natural selection ; but it also teaches us that we possess
intellectual and moral faculties which could not have been so
developed, but must have had another origin; and for this
origin we can only find an adequate cause in the unseen
universe of Spirit.
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