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“But with regard fo the material world, wo can at least go s
far as this—we can perceive that events are brought about not by
insulatd interpositions of Divine pmm. uxamd in each particular
case, but by the establishment of general lay

qu:wu.u. Bridgewater Treatise.

“The only distinot meaning of the word *natural’ is stated, jived,
or seitled; since what is natural as much requires and presupposes
an intelligent agent to render it %o, .c. o effect it continually or
at stated times, 08 what is supernstural or miraculous does to effect

it for once.”
Bores: Analogy of Revealed Religion.

“To conclude, therefore, let no man out of  wealk conceit of sobricty,
or an ill-applied moderation, think or maintain, that o man can search
t0o fir or be too well studicd in tho book of Giod's word, or in the book
of God's works ; d.ivimQu-ph]nmphy but rather let men endeavour
an endless progress or proficience fn

mm.umqm.

Down, Bromley, Kent,
November 2410, 1859, (1st Edition.)
Fourth Edition, June, 1865, ¢
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all species, including man, are

first did the eminent service of

v ‘of all change in the organic, as
o inorganic world, being the result of law, and not of

=
Auscaltationes” (i 2, cap. 8, s. 2), after
the com
of doors,

the principle is shown by his remarks on the
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xiv. HISTORICAL SKETCH.

miracnlous interposition. Lamarck secms to have been chiefly led
to his conclusion on the gradual change of species, by the difficulty
of distinguishing species and varieties, by the almost perfect gradation
of forms in certain groups, and by the analogy of domestic produe-
tions, With respect to the means of modification, he attributed
something to the direct action of the physical conditions of life, some-
thing to the crossing of already existing forms, and much to use and
disnse, that is, to the effects of habit. To this latter agency he
seems to attribute all the beautiful adaptations in nature ;—such as.
the long neck of the giraffe for browsing on the branches of trees.
But he likewise believed in a law of progressive development ; and
as all the forms of life thus tend to progress, in order to account for
the existence at the present day of simple productions, he maintains
that such forms are now spontancously generated.*

Geoffroy Saint Hilaire, as is stated in his ‘Life,’ written by his
som, suspected, as early as 1795, that what we call species aro various
degenerations of the same type. It was not until 1828 that he
‘published his conviotion that the same forms have not been per-
petuated since the origin of all things. Geoffroy seems to have relied
chiefly on the conditions of life, or the “monde ambiant,” as the
cause of change. He was cautious in drawing conclusions, and did
not believe that existing species are now undergoing modification ;
and, as his son adds, “ C'est done un probldme & réserver entitrement
& Vavenir, supposé méme que Iavenir doive avoir prise sur lui,”

In 1818 Dr. W. O. Wells read before the Royal Society ¢ An
Account of a White Female, part of whose Skin resembles that of &
Negro;" but his paper was not published until his famous ‘Two *
Hssays upon Dew and Single Vision’ appeared in 1818, In this
paper he distinetly recognises the principle of natural selection, and.
this is the first recognition which has been indicated ; but he applies
it only to the races of man, and to certain characters alone. After

* X tre ekt dete nfmﬂmpnbhmhuno! from Isid,
o Saio s (+Hat. Nat. Gdsdene” o . p. 405, 1050) exaln‘.

on this subject, iven
S %

similar_views mu ot about the same that Goethe in Gmnnn{,
vnm,umw&-mwndmnmmm,hdwn,mchzymmls

L5 [hactus lelts o ~t mec-... 1959 tdmanFih S St bk sl o Ju
P 17800t S 1917, Doty Vs 0 by Lassitn 1856 Ditt Aesd: 127 4
Wetka' Qusnga’ Q. 110 v Pllbcomplcnet LL.T
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‘condition, nced,
‘but likewise by variation, all mrF:xd'llﬁng

Grant, in the mnhﬂng in his well-
Philosophical Journal,’ vol xlv p. 283)
clearly doclares his belief that species are descended
i« m-ﬂu&qmmpmudmmmaf
This same view was given in his 55th Lecture, pub-
!-z in 1884,
. Patrick Matthew published his work on *Naval Bubt.Ae .
vculture, in which he gives precisely the sume view B .\
ll\hn(plumtlymhsdludndw)pm-
and myself in the ¢ Linnean Journal,’ and
] in tho present volume. Unfortunately the view
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by Mr. Matthew very briefly in scattered passages in
o8 work on a different subject, so that it remained un-
mh.q-.mu.-xurmaxmhAm publisbed in
1896, wrote (p. 6) as follows:—* All specios might have been
mld-—.-d-—yminh-p-l-ﬂyh—-iqqd-
-—ﬂummmm but farther on
adds, “excopt the original types or ancestors of
Blldnln(luhlwul olN:L
W
‘-q-
on after much
H-n
_-.
them, in definite
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HISTORICAL SKETCH. xvii

productions. But T cannot see how
" account in a scientific sense for the

that he kiows not how the Red
thero exclusively ; signifying also by
his belicf, that both the bird

great first Creative Cause.”

come
y what! Since the publication in 1859 of my
the *Origin of Species,’ but whether in consequence of it

@ The Complete Wark of Charles Darwin Online



xviii HISTORICAL SKETCH.
is

doubtful, Professor Owen has clearly expressed his belief that
species have not been separately created, and are not immutable

that

It is surprising that this admission should not have been made
earlior, a8 Profossor Owen now believes that he promulgated the
theary ina read ofore the Zoological

E

luences of surrounding circumstances.’ on
in the same letter he speaks of himself as “the author of the same
theory at the carlier date of 1850." This belief in Professor Owen

change of >
M. Isidore Geoffroy Saint Hilaire, in his Lectures delivered in 1850
(of which a Résumé in the * Revue ot Mag. de Zoolog., Jan,

© The Complete Work of Charles Darwin Online



HISTORICAL SKETCH. xix

rences produites peuvent étre de valewr » In his
. Nat, Géndrale” (tom. ii. p. 430, 1859) he amplifies analogous
m a circular lately issued it appears that Dr. Freke, in 1851

iblin Medical Press,’ p. 322), propounded tho doctrine that all
Iimhnnl-r-idhn-mmn His
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XX HISTORICAL SKETCH.

In 1858 a celebratel goologist, Count Keysering (Bulletin

of species
graduated forms. “Thus living plants and animals are not sep
mted from ,tho extinct by new creations, but are to be regurded
their descendants through continued reproduction.”
A well-known French botanist, M. Lecoq, writes in 1654 (* Etud
Bot. tom. i . 250), ““On voit que nos recherches
de Vespice, :

" Rudalph

#1861, . 51) b
Oken in his ’lthl iatur-Philosophie.”

1 Godrens wark+Soe Vg e o iy B Vi, Draad

Mﬁ.-ﬂ_m-.hn-umnu species are continually be

0 that of the hirty-four wathors emed i i Histaricl
Y the modifition of specie, o ot ks dbeliee i separte
o cration, lwcnly-.vm bave written on special branches of natural history.

logy+
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grounded on the laws of geographical distribution, that forms
tly distinct have descended from a single parent-form.
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‘ON THE ORIGIN OF SPECIES,

INTRODUCTION.

on board HALS, ‘ Beagle,’ as naturalist, I was
uck with certain facts in the distribution of the
inhabiting South America, and in the
relations of the present to the past inhabitants
continent. These facts, as will be seen in the
chapters of this volume, seemed to throw some
the origin of species—that mystery of myste-
ﬁ'lulllbsmmlled hyoneofam' greatest philo-
On my return home, it occurred to me, in
ps be made out on
‘question by patiently accumulating and reflecting
of M which could possibly have any bear-
five years' work I allowed myself to
and drew up some short notes ;
1844 into a sketch of the conclu-
then seemed to me probable: from that
0 Fuut day T have steadily pursued the
: object. that T may be excused for enter-
“these personal details, as I give them to show
ot been hasty in coming to a decision.
now nearly finished ; but as it will take
 more years to complete it, and as my
strong, I have been urged to publish
I have more especially been induced
R
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2 ¥ INTRODUCTION.

to do this, as Mr. Wallace, who is now studying the
natural history of the Malay archipelago, has arrived
at almost exactly the same general conclusions that T
have on the origin of species. In 1858 he sent me a
memoir on this subject, with a request that I would
forward it to Sir Charles Lyell, who sent it to the Lin-
nean Society, and it is published in the third volume
of the Journal of that Society. Sir C. Lyell and Dr.
Hooker, who both knew of my work—the latter having
read my sketch of 1844—honoured me by thinking it
advisable to publish, with Mr. Wallace's excellent me-
moir, some brief extracts from my manuscripts.

This Abstract, which I now publish, must necessarily
be imperfect. I cannot here give references and autho-
rities for my several statements; and I must trust to
the reader reposing some confidence in my accuracy.
No doubt errors will have crept in, though I hope I have
always been cautious in trusting to good authorities

alone. I can here give only the general conclusions at”

which I have arrived, with a few facts in illustration,
but which, I hope, in most cases will suffice. No one
can feel more sensible than I do of the necessity of here-
after publishing in detail all the facts, with references,
on which my conclusions have been grounded ; and I
hope in a futare work to do this. For I am well aware
that scarcely a single point is discussed in this volume
on which faets cannot be adduced, offen apparently
leading to conclusions directly opposite to those at
which I have arrived. A fair result can be obtained
only by fully stating and balancing the facts and argu-
ments on both sides of each question; and this cannot
possibly be here done,

I much regret that mmt of ' space prevents my having.
the satisfaction of ack g the generous assi
which I have received from ver_vmun), naturalists, some

@ The Complete Work of Charles Darwin Online



INTRODUCTION. * 3

of them personally unknown to me. I cannot, however,
let this opportunity pass without expressing my deep
obligations to Dr. Hooker, who for the last fifteen years
has aided me in every possxble way by his large stores
of knowledge and his

In considering the Origin of Specles, it is quite con-
ceivable that a naturalist, reflecting on the mutual
affinities of organic beings, on ﬂlelr embryologncnl
relations, their
suecession, and other zmch facts, might come to the con-
elusionthat species had not been independently created,
but had descended, like varieties, from other species.
Nevertheless, such a conclusion, even if well founded,
would be unsatisfactory, until it conld be shown how
the innumerable species inhabiting this world have been
modified, so as to acquire that perfection of structure
and coadaptation which justly excites our admiration.
Naturalists continually refer to external conditions, such
15 climate, food, &c., as the only possible cause of
variation. In one very limited sense, as we shall here-
after see, this may be true; but it is preposterous to
attribute to mere external conditions, the structure, for
instance, of the woodpecker, with its feet, tail, beak,
and tongue, so admirably adapted to catch insects under
the bark of trees. In the case of the mistletoe, which
draws its nourishment from certain trees, which has
seéds that must be transported by certain birds, and
which has flowers with separate sexes absolutely re-
quiring the agency of certain insects to bring pollen
from one flower to the other, it is equally preposterous
to account for the structure of this parasite, with its
relations to several distinct organic beings, by the effects
of external conditions, or of habit, or of the volition of
the plant itself.

Tt is, therefore, of the highest importance to gain a

B2
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4 INTRODUCTION.

clw mmghl into tbe means of modification and co-

P At of my observations
it seemed to me prolmble that a careful study of domes-
ticated animals and of cultivated plants would offer the
best chance of making out this obscure problem. Nor
have T been disappointed ; in this and in all other
perplexing cases I have invariably found that our
knowledge, imperfect though it be, of variation under
, domestication, afforded the best and safest clue. Imay
venture to express my conviction of the high value of
such studies, although they have been very commonly
neglected by naturalists.

From these considerations, I shall devote the first
chapter of this Abstract to Variation under Domestication.
We shall thus see that a large amount of hereditary
modification is at least possible ; and, what is equally or
more. lmpmmnt we shall see how great is the  power of
man in by his Selecti slight
variations. T will then pass on to the variability of
species in a state of nature; but I shall, unfortunately,
be compelled to treat this subject far too briefly, as it
can be treated properly only by giving long catalogues
of facts, We shall, howaver, be enabled to discuss
what ci le to variation.
In the next chapter t.he Slmggle for Existence amongst
all organic beings throughout the world, which inevi-
tably follows fmm the high geometrical ratio of their
increase, will be treated of. This is the doctrine of
Malthus, applied to the whole animal and vegetable
kingdoms. As many more individuals of each species
are born than can possibly survive; and as, conse-
quently, there is a frequently recurring struggle for
existence, it follows that any being, if it vary however
slightly in any manner profitable to itself, under the
complex and sometimes varying conditions of life, will

@ The Comblete Work of Charles Darwin Online




INTRODUCTION. 5

have a better chance of surviving, and thus be naturally
selected.  From the strong principle of, inheritance, any
selected vxmety will tend to propagate its new and
modified form.

This fundamental subject of Natural Selection will
be treated at some length in the fourth chapter ; and we
shall then see how Natural Selection almost inevitably
causes much Extinction of the less improved forms of
life, and leads to what I have called Divergence of
Character. In the next chapter I shall discuss the
complex and little known laws of variation and of corre-
lation of growth. In the four succeeding chapters, the
most apparent and gravest difficulties on the theory
will be given : namely, first, the difficulties of transitions,
or in understanding how a simple being or a simple
organ can be chauged and perfected into a highly

! loped being or elak d organ;
mdly, the anb_]ect of Instmet,, or the mental powers
of animals; thirdly, Hybridism, or the infertility of
species and the fartility of varieties when intercrossed ;
and fourthly, the imperfection of the Geological Record.
In the next chapter I shall consider the geological
succession of organic beings throughout time; in the
.Inunth and twelfth, their geograplnml dlstnbuhon
space ; in the thi
or mutnl affinities, both when mnmre ﬁnd in an em-
bryonic condition. In the last chapter T shall give a
brief recapitulation of the whole work, and a few con-
cluding remarks.

No one ought to feel surprise at much remaining as
yet unexplained in regard to the origin of species and
if he make due allowance for our profound
ignorance in regard to the mutual relations of all the
beings which live around us. 'Who can explain why one
species ranges widely and is very numerous, and why

© The Complete Work of Chares Darwin Online



6 INTRODUCTION.

another allied species has a narrow range and is rare ?
Yet these relatigns are of the highest importance, for
they determine the present welfare, and, as I believe,
the future success and modification of every inhabitant
of this world. Still less do we know of the mutual
relations of the innumerable inhabitants of the world
during the many past geological epochs in its history.
Althongh much remains obscure, and will long remain
obseure, I ean entertain no doubt, after the most de-
liberate study and dispassionate judgment of which I
am capable, that the view which most naturalists enter-
tain, and which I formerly entertained—namely, that
each species has been independently created—is erro-
neous. Iam fully convinced that species are not im-
mutable; but that those belonging to what are called
the same genera are lineal descendants of some other
and generally extinct species, in the same manner as
the acknowledged varicties of any one species are the
descendants of that species. Furthermore, T am con-
vinced that Natural Selection has been the main but
not exclusive means of modification.

@ The Complete Work of Charles Darwin Qnline



Cuar. L. VARIATION UNDER DOMESTICATION. 7

CHAPTER I

VARIATION UNDER DOMESTICATION,

” d Vlrhblllty-—Eﬂ‘ecu of H.llil—Cornhllnn o( Growth

r of Domestic V: fliculty of

between Species—Origi urDunuw

'-hﬁ- from one or more Species — Domestic Pigeons, their

Differences and Origin — Principles of Selection, anciently fol-

~ lowed, their Effects — Methodical and Unconscions Selection—

- Unknown Origin of our Domestic Productions — Circumstances
favourable to Man’s power of Selection,

Causes of Variability.

Wuex we look to the individuals of the same variety
or sub-variety of our older cultivated plants and ani-
- malg, one of the first points which strikes us, is, that
they generally differ more from each other than do the
individuals of any one species or variety in a state of
natare.  When we reflect on the vast diversity of the
plants and animals which have been cultivated, and
which have varied during all ages under the most
different climates and treatment, I think we are driven
to conclude that this great variability is simply due to
our domestic productions having been raised under con-
ditions of life not so uniform as, and somewhat different
from, those to which the parent-species have been exposed
under nature, There is also, I think, some probability
in the view propounded by Andrew Knight, that this
‘H!hlﬂnymybeplrﬂymnnmd with excess of food.
It seems pretty clear that organic beings must be ex-
during several generations to the new conditions
“of life to cause any appreciable amount of variation;
and that, when the organisation has once begun to vary,

@ The Complete Work of Charles Darwin Onmline



8 VARIATION Cuar. 1.

it generally continues to vary for many generations.
No case is on record of a variable being ceasing to be
variable under cultivation. Our oldest cultivated plants,
such as wheat, still often yield new varieties: our oldest
domesticated animals are still capable of rapid improve-
ment or modification.

Tt has been disputed at what period of life the causes
of variability, whatever they may be, generally act;
whether during the early or late period of development
of the embryo, or at the instant of conoeptwn Geoffroy
St. Hilaire's iments show that
of the embryo causes monstrosities; and monstrosities
cannot be separated by any clear line of distinction
from mere variations. But I am strongly inclined to
suspect that the most frequent cause of variability may
be attributed to the male and female reproductive
elements having been affected prior to the act of con-
ception. Several reasons make me believe in this; but
the chief one is the remarkable effect which confine-
ment or cultivation has on the function of the repro-
ductive system : this system appearing to be far more
susceptible than any other part of the organisation, to
the action of any change in the conditions of life. No-
thing is more easy than to tame an animal, and few
things more difficult than to get it to breed freely under
confinement, even in the many cases when the male and
female unite. How many animals there are which will
not breed, though living long under not very close con-
finement in their native country! This is generally
attributed to vitiated instincts; but how many cultivated
plants display the utmost vigour, and yet rarely or never
seed! In some few such cases it has been discovered
that very trifling changes, such as a little more or less
water at some particular period of growth, will determine
whether or not the plant sets a seed. I cannot here

@ The Complete Work of Charles Darwin Online



Ciuar, 1. UNDER DOMESTICATION. 9

enter on the copious details which I have collected on
this enrios subject; but to show how singular the laws
are which determine the reproduction of animals under
confinement, I may just mention that carnivorous ani-
mals, even from the tropics, breed in this country pretty
freely under confinement, with the exception of the plan-
tigrades or bear family, which seldom produce young;
whereas carnivorous birds, with the rarest exceptions,
. hardly ever lay fertile eggs. Many exotic plants have
pollen utterly worthless, in the same exact condition as
in the most sterile hybrids. When, on the one hand,
we see domesticated animals and plants, though often
weak and sickly, yet breeding quite freely under con-
finement ; and when, on the other hand, we see indivi-
duals, though taken young from a state of nature, per-
foctly tamed, long-lived, and healthy (of which I could
give numerous instances), yet having their reproductive
system so seriously affected by unperceived causes as fo
fiil in acting, we need not be surprised at this system,
when it does act under confinement, acting not quite
regularly, and producing offspring not perfectly like
their parents.

Sterility has been said to be the bane of horticulture ;
but on this view we owe variability to the same cause
which produces sterility ; and variability is the source
of all the choicest productions of the garden. I may
add, that as some organisms will breed freely under
the most unnatural conditions (for instance, the rabbit
and ferret kept in hutches), showing that their repro-
ductive system has not been thus affected ; so will some
animals and plants withstand domestication or cultiva-
tion, and vary very slightly—perhaps hardly more than
in a state of nature.

A long list could easily be given of “sporting plants ;”
by this term gardeners mean a single bud or offset,

B3
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which suddenly assumes a new and sometimes very
different character from that of the rest of the plant.
Such buds can be propagated by grafting, &c., and
sometimes by seed. These “sports” are extremely
rare under nature, but far from rare under cultivation ;
and in this case we see that the treatment of the parent
has affected a bud or offset, and not the ovules or pollen.
Bt it is the opinion of most physiologists that there
i8 no essential difference between a bud and an ovule
in their earliest stages of formation ; so that, in fact,
“sports” support the view, that variability may be
largely attributed to the ovules or pollen, or to both,
having been affected by the treatment of the parent
prior to the act of conception. These cases anyhow
show that variation is not necessarily connected, as some
authors have supposed, with the act of generation.

_ Seedlings from the same fruit, and the young of the
sume litter, sometimes differ considerably from each
other, though both the young and the parents, as Miiller
has remarked, have apparently been exposed to exactly
the same conditions of life ; and this shows how unim-
portant the direct effects of the conditions of life are
in comparison with the laws of reproduction, of growth,
and of inheritance ; for had the action of the conditions
been direct, if any of the young had varied, all would
pmbahly have varied in the same manner. To judge how
much, in the case of any variation, we should attribute
to the dmwmdhugmhgh.food,&e.,

though apparently more in the case of plants. When
all or nearly all the individuals exposed to certain con-
ditions are affected in the same way, the change at first
appears to be directly due to such conditions; but in
some cases it can be shown that quite opposite conditions
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produce similar changes of structure. Nevertheless
some slight amount of change may, I think, be attributed
to the direct action of the conditions of life—as, in
some cases, increased size from amount of food, colour
from particular kinds of food, and perhaps the thickness
of fur from climate.

Effects of Habit; Correlation of Growth ; Inheritance.

Habit also has a decided influence, as in the period
of flowering with plants when transported from one
climate to another. In animals it has a more marked
effect ; for instance, I find in the domestic duck that the
bones of the wing weigh less and the bones of the leg
more, in proportion to the whole skeleton, than do the
same bones in the wild-duck ; and T presume that this
change may be safely attributed to the domestic duck
flying much less, and walking more, thah its wild parent.
The great and inherited development of the udders in
cows and goats in countries where they are habitually
milked, in comparison with the state of these organs
in other countries, is probably another instance of the
effects of use. Not a single domestic animal can be
named which has not in some country drooping ears ;
and the view which has been suggested that the droop-
ing is due to the disuse of the muscles of the ear, from
the animals being seldom alarmed by danger, seems
probable.

There are many laws regulating variation, some few
of which can be dimly seen, and will be hereafter briefly
mentioned. I will here only allude to what may be
called correlation of growth. Any change in the embryo
or larva will probably entail changes in the mature
animal. .In monstrosities, the ecorrelations between
quite distinct parts are very curious; and many instances
are given in Isidore Geoffroy St. Hilaire's great work
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on this subject. Breeders believe that long limbs are
almost always accompanied by an elongated head.

_ Some instances of correlation are quite whimsical: thus
cats which are entirely white and have blue eyes are
generally deaf. Colour and constitutional peculiarities
go together, of which many remarkable cases could
be given amongst animals and plants. From facts
collected by Heusinger, it appears that white sheep
and pigs are injured by certain plants, whilst dark-
coloured individuals escape : Professor Wyman has
recently icated to me a good i ion of this
fact; on asking some farmers in Florida how it was
that all their pigs were black, they informed him that
the pigs ate the paint-root (Lachnanthes), which coloured
their bones pink, and which caused the hoofs of all
but the black varieties to drop off; and one of the
“crackers” (i.e. Florida squatters) added, “we select
the black members of a litter for raising, as they alone
have a good chance of living.” Hairless dogs have
imperfect teeth: long-haired and coarse-haired animals
are apt to have, as is asserted, long or many horns;
pigeons with feathered feet have skin between their
outer toes; pigeons with short beaks have small feet,
and those with long beaks large feet. Hence if man
goes on selecting, and thus augmenting, any peculiarity,
he will almost certainly unintentionally modify other
parts of the structure, owing to the mysterious laws of
the correlation of growth.

The result of the various, quite unknown, or dimly
seen laws of variation is infinitely complex and diversified.
It is well worth while carefully to study the several
treatises on some of our old enltivated plants, as on the
hyacinth, potato, even the dahlia, &e. ; and it is really
surprising to note the endless points in structure and
constitution in which the varieties and sub-varieties
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differ slightly from each other. The whole organisation
soems to have become plastic, and tends to depart in
some small degree from that of the parental type.

Any variation which is not inherited is unimportant
for us. But the number and diversity of inheritable
tlevmuonn a!‘ ntmcture, bcth those of slight and those of
are endless. Dr.

I.m-nn treatise, in two large volumes, is the
fullest and the best on this subject. No breeder doubts
Thow strong is the tendency to inherimnce: like produces
like is his fundamental belief: doubts have been thrown
on this principle by theoretical writers alone. When any
deviation of structure often appears, and we see it in the
father and child, we cannot tell whether it may not be
due to the same cause having acted on both ; but when
amongst individuals, apparently exposed to the same
conditions, any very rare deviation, due to some extra-
ordinary combination of circumstances, appears in the
parent—say, once amongst several million individuals
—and it reappears in the child, the mere doctrine of
chances almost compels us to attribute its.reappearance
to inheritance. Every one must have heard of cases
of albinism, prickly skin, hairy bodies, &c., appearing
in several members of the same family, If strange
and rare deviations of structure are really inherited,
less strange and commoner deviations miy be freely
admitted to be inheritable. Perhaps the correct way
of viewing the whole subject, would be, to look at the
inheritance of every character whatever as the rule, and
non-inheritance as the anomaly.

The laws governing inheritance are quite unknown ;
no one can say why a peculiarity in different individuals
of the same species, or in individuals of different species,
is sometimes inherited and sometimes not so; why the
child often reverts in certain characters to its grand-
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father or grandmother or other more remote ancestor ;
why a peculiarity is often transmitted from one sex to
both sexes, or to one sex alone, more commonly but not
axelnnvely to the like sex. It i is a fact of some little

to us, that i ing in the
males of our domestic breeds are often transmitted, either
exclusively or in a much greater degree, to males alone.
A much more important rule, which I think may be
trusted, is that, at whatever period of life a peculiarity
first appears, it tends to appear in the offspring at o
corresponding age, though sometimes earlier. In many
cases this could not be otherwise: thus the inherited
peculiarities in the horns of cattle could appear only in
the offspring when nearly mature ; peculiarities in the
silkworm are known to appear at the corresponding
caterpillar or cocoon stage. But hereditary diseases
and some other facts make me believe that the rule has
o wider extension, and that, when there is no apparent
reason why o peculiarity should appear at any particular
age, yet that it does tend to appear in the offspring at
the same period at which it first appeared in the parent.
I believe this rule to be of the highest importance in
explaining the laws of embryology. These remarks are
of course confined to the first appearance of the peculi-
arity, and not to its primary cause, which may have
acted on the ovules or on the male element ; in nearly
the same manner as in the offspring ﬁvm short-
horned cow by a long-horned bull, the greater length of
horn, though appearing late in life, is clearly due to the
male element.

Having alluded to the subject of reversion, T may
here refer to a statement often made by naturalists—
namely, that our domestic varieties, when run wild,
gradually but certainly revert in character to their
aboriginal stocks. Hence it has been argued that no
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deductions can be drawn from domestic races to species
_ in a state of nature. I have in vain endeavoured to
discover on what decisive facts the above statement has
50 often and so boldly been made. There would be
great difficulty in proving its truth: we may safely
conclude that very many of the most strongly-marked
domestic varieties could not possibly live in a wild state.
In many cases we do not know what the aboriginal stock
m,l.ndnmldnotullwhetherormnmlvperfea
reversion had ensued. Tt would be quite necessary, in
order to prevent the effects of mten:m-mg, that only a
single vagety should be turned loose in its new home.
- Nevertheless, as our varieties certainly do occasionally
revert in some of their characters to ancestral forms, it
1 seems to me not improbable, that if we could succeed in
, or were to cultivate, during many genera-
~ tions, the several races, for instance, of the cabbage, in
~ very poor soil (in which case, however, some effect would
have to be attributed to the direct action of the poor
ﬂ).ﬂlnthcymldmnhrgamrmvbdly,
revert to the wild aboriginal stock. Whether or-not the
experiment would succeed, is not of great importance
for our line of argument ; for by the experiment itself
‘the ponditions of life are changed. If it could be shown
that our domestio varieties manifested a strong tendency
Qunmon,—ﬂut is, to lose their acquired characters,
whilst kept under the same conditions, and whilst kept
h._uknblubody 50 that free intercrossing might
“check, by blending together, any slight deviations in
 their structure, in such case, I grant that we could
~ deduce nothing from domestic varieties in regard to
But there is not a shadow of evidence in favour

of this view: to assert that we could not breed our cart
and race-horses, long and short-horned cattle, and poultry
! of various breeds, and esculent vegetables, for an almost
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infinite number of generations, would be opposed to all
experience, I may add, that, when under nature the
conditions of life do change, variations and reversions
of character probably do oceur; but natural selection,
as will hereafter be explained, will determine how far
the new characters thus arising shall be preserved.

Character of Domestic Varieties ; difficulty of distinguish-
ing between Varicties and Species ; origin of Domestic
Varicties from one or more Species.

‘When we look to the hereditary varieties or races of
our domestic animals and plants, and compare fhem with
closely allied species, we generally perceive in each
domestic race, as already remarked, less uniformity of
character than in true species. Domestic aces often
have a somewbat monstrous character; by which I
mean, that, although differing from each other, and
from other species of the same genus, in several trifling
respects, they often differ in an extreme degree in
some one part, both when compared one with another,
and more especially when compared with the species
under nature to which they are nearest allied. With
these exceptions (and with that of the perfect fertility of
varieties when crossed,—a subject hereafter to be dis-
cussed), domestic races of the same species differ from
each other, only in most cases in a lesser degree, in the
same manner as do closely-allied species of the same
genus in a state of nature. I think that this must be
admitted, when we find that there are hardly any do-
mestic races, either amongst animals or plants, which
have not been ranked by competent judges as the
descendants of aboriginally distinct species, and by other
competent judges as mere varieties. If any marked
distinction existed between domestic races and species,
this source of doubt could not so perpetually recur. It
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has often been stated that domestic races do not differ
from each other in characters of generic value, I think
it can be shown that this statement is hardly correct;
but naturalists differ widely in determining what cha-
racters are of generic value; all such valuations being

~ at present empirical. Moreover, on the view of the
origin of genera which I shall presently give, we have
no right to expect often to meet with' generic differences
in our domesticated productions.

‘When we attempt to estimate the amount of struc-
tural difference between the domestic races of the same
species, we are soon inyolved in doubt, from not knowing
whether they have descended from one or several parent- *
species.  This point, if it could be cleared up, would be
interesting ; if, for instance, it could be shown that the
greyhound, bloodhound, terrier, spaniel, and bull-dog,
which we all know propagate their kind so truly, were
the offspring of any single species, then such facts would
haye great weight in making us doubt about the immu-
tability of the many very closely allied natural species
—for instance, of the many foxes—inhabiting different
quarters of the world. I do not believe, as we shall
presently see, that the whole amount of difference be-
tween the several breeds of the dog has been produced
under domestication ; I believe that some small part of
the difference is d\ls to their having descended from
distinet species, In the case of some other domesticated
_species, there is presumptive, or even strong evidence,
that all the breeds have descended from a single wild
stock.

It has often been assumed that man has chosen for
domestication animals and plants having an extra-
ordinary inherent tendency to vary, and likewise to
withstand diverse climates. I do not dispute that these
capacities have added largely to the value of most of
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our domesticated productions; but how could a savage
possibly know, when he first tamed an animal, whether
it would vary in succeeding generations, and whether it
would endure other climates? Has the little variability
of the ass and goose, or the small power of endurance
of warmth by the reindeer, or of cold by the common
camel, prevented their domestication? I cannot doubt
that if other ummls nmi plants, equal in number to
our d and belonging to equally
diverse classes and countrics, were taken from a state
of nature, and could be made to breed for an equal
number of generations under domestication, they would
on an average vary as largely as the parent species of
our existing domesticated productions have varied.

In the case of most of our anciently domesticated
animals and plants, it is not possible to come to any
definite conclusion, whether they have descended from
one or several wild species. The argument mainly
relied on by those who believe in the multiple origin
of our domestic animals is, that we find in the most
ancient times, on the monuments of Egypt, and in
the lake-habitations of Switzerland, much diversity in the
breeds; and that some of these ancient breeds closely
resemble or are even identical with those still existing.
But this only throws far backwards the history of civi-
lization, and shows that animals were domesticated at a
much earlier period \‘Jmn hu Intherto been suppaaocL
The lake-inhabi d several
kinds of wheat and barley, the pea, the poppy for oil,
and flax; and they possessed several domesticated
animals ; they had also commerce with other nations.
All this clearly shows, as Heer has remarked, that they
had at this early age progressed considerably in civili-
zation; "and this again implies a long-continued pre-
vious period of less advanced civilization, during which
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the domesticated animals, kept by the different tribes
and in different districts, might have varied and given
rise to distinct races. Since the discovery of flint tools
or celts in the superficial formations of France and
England, all geologists believe that man in a barbarous
condition existed at an enormously remote period ; and
we know that at the present day there is hardly a tribe
80 barbarous as not to have domesticated at least the

The origin of most of our domestic animals will pro-
bably for ever remain vague. But I may here state,
that, looking to the domestic dogs of the whole world, I
have, after a laborious collection of all known facts,
come to the conclusion that several wild species of
Canide have been tamed, and that their blood, more or
less mingled together, flows in the veins of our many
domestic breeds. In regard to sheep and goats I can
form no opinion. From fucts communicated to me
by Mr. Blyth, on the habits, voice, constitution, and
structure of the humped Indian cattle, it is probable
that these are descended from a different aboriginal
stock from our European cattle; and some competent
judges believe that these latter' have had several wild
parents,—whether or not these deserve to be called
species or races. This conclusion, as well as the specifie
distinetion between the humped and common cattle,
- may indeed be looked at as almost established by the
- recent admirable researches of Professor Riitimeyer.
With respect to horses, from reasons which I cannot
here give, I am with much doubt inclined to believe, in
‘opposition to several authors, that all the races have
-~ descended from one wild stock.” Mr. Blyth, whose
opinion, from his large and varied stores of knowledge,
1 should yalue moré than that of almost any one, thinks

that all the breeds of poultry have proceeded from the
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common wild Indian fowl (Gallus bankiva): having
kept nearly all the English kinds alive, having bred and
crossed them, and examined their skeletons, I have
come to a similar conclusion,—the grounds of which
will be given in a future work. In regard to ducks
and rabbits, the breeds of which differ considerably from
each other in structure, the evidence mung!v prepon-
derates in favour of their having all descended from the
common wild duck and rabbit.

The doctrine of the origin of our several domestic

every race which breeds true, let the distinctive cha-
mcters be ever so slight, has had its wild prototype.
At this rate there must have existed at least a score of
l'pociu of wild cattle, as many sheep, and several goats
in Europe alone, and several even within Great Britain.
One author believes that there formerly existed in

those of Gemuny,md conversely, and so with Hungary,
Spain, &e., but that each of these possesses
several peculiar breeds of cattle, sheep, &ec., we must
admit that many domestic breeds have originated in
Europe; for whence could they have been derived, as

lpsnnl,&a.—nnnhhuﬂmld&mdn—
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ever existed freely in a state of nature? It has often
been loosely said that all our races of dogs have been
produced by the crossing of a few aborigial species;
but by crossing we can only get forms in some
intermediute between their parents; and if we account
for our several domestic races by this process, we must
admit the former existence of the most extreme forms,
a8 the Italian greyhound, bloodhound, bull-dog, &e., in
the wild state. Moreover, the possibility of making dis-
tinet races by crossing has been greatly exaggerated.
Many cases are on record, showing that a race niay be
modified by occasional crosses, if aided by the careful
selection of the individuals which present the desired
character; but to obtain a race nearly intermediate
between two extremely different races or species, would
be very difficult. Sir J. Sebright expressly experi-
mented for this object, and failed. The offspring from
the first cross between two pure breeds is tolerably and
sometimes (as I have found with pigeons) extremely
uniform, and everything seems simple enough; but
when these mongrels are crossed one with another for
several generations, hardly two of them will be alike ;
and then the extreme difficulty, or rather utter hope-
lessness of the task becomes apparent. Certainly, a
breed intermediate between two very distinet breeds
could not be got without extreme care and long-con-
tinued selection ; nor can I find a single case on record
of a permanent race having been thus formed.

Breeds of the Domestic Pigeon, their Differences and
Ortois
Believing that it is always best to study some special
group, I have, after deliberation, taken up domestic

pigeons. I have kept every breed which 1 could pur-
‘chase or obtain, and have been most kindly favoured
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with skins from several quarters of the world, more
especially by the Hon. W. Elliot from India, and by
the Hon. C. Murray from Persia. Many treatises in
different languages have been published on pigeons,
and some of them are very important, as being of con-
siderable antiquity. I have associated with several
eminent fanciers, and have been permitted to join two
of the London Pigeon Clubs. The diversity of the
breeds is something astonishing. Compare the English
carrier and the short-faced tumbler, and. see the
wonderfyl difference in their beaks, entailing corre-
pandmg differences in their skulls. The carrier, more
spacmllv the mnle bird, is also remu-hble from the

of the lated skin about
the head ; and this is accompanied by greatly elongated
eyelids, very large external orifices to the nostrils, and
a wide gape of mouth. The short-faced tumbler has a
beak in outline almost like that of a finch; and the
common tumbler has the singular inherited habit of
flying at a great height in a compact flock, and tumbling
in the air head over heels. The runt is a bird of great
size, with long, massive beak and large feet; some of
the sub-breeds of runts have very long necks, others
very long wings and tails, others singularly short tails.
The barb is allied to the carrier, but, instead of a very
long beak, has a very short and very broad one. The
pouter has a much elongated body, wings, and legs; and
its enormously developed crop, which it glories in in-
fating, may wsl] excite astonishment and even laughter.
The turbit has a very short and conical beak, with a line
of reversed feathers down the breast; and it has the
habit of continually expanding slightly the upper part
of the cesophagus. The Jacobin has the feathers so
much reversed along the back of the neck that they
form & hood ; and it has, proportionally to its size, much
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elongated wing and tail feathers. The trumpeter and
laugher, as their names express, utter a very different
00 from the other breeds. The fantail has thirty or
even forty tail-feathers, instead of twelve or fourteen—
the normal number in all members of the great pigeon
family ; and these feathers are kept expanded, and are
earried o erect, that in good birds the head and tail
touch: the oil-gland is quite aborted. Several other less
distinet breeds might be specified.

In the skeletons of the several breeds, the develop-
ment of the bones of the face in length and breadth
and curvature differs enormously. The shape, as well as
the breadth and length of the ramus of the lower jaw,
varies in a highly remarkable manner. The caudal
and sacral vertebrm vary in number; as does the
number of the ribs, together with their relative breadth
and the presence of processes. The size and shape of
the apertures in the sternum are highly variable; so is
the degree of divergence and relative size of the two
“arms of the furcula. The proportional width of the gape
of mouth, the proportional length of the eyelids, of the
orifice of the nostrils, of the tongue (not always in strict
correlation with the length of beak), the size of the crop
and of the upper part of the wsophagus; the develop-
ment and abortion of the oil-gland ; the number of the
primary wing and caudal feathers; the relative length
of wing and tail to each other and to the body; the
relative length of leg and of the feet; the number of
scutelle on the toes, the development of skin between
the toes, are all points of structure which are variable.
The period at which the perfect plumage is acquired
varies, as does the state of the down with which the
nestling birds are clothed when hatched. The shape
and size of the eggs vary. The manner of flight, and
in some breeds the voice and disposition, differ re-
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markably. Lastly, in certain breeds, the males and
females have come to differ in a slight degree from each
other.

Altogether at least a score of pigeons might be
chosen, which, if shown to an ornithologist, and he
were told that they were wild birds, would certainly
be ranked by him as well-defined species. Moreover,
1 do not believe that any ornithologist would place the
English carrier, the short-faced tumbler, the runt, the
barb, pouter, and fantail in the same genus; more espe-
cially as in each of these breeds several truly-inherited
sub-breeds, or species as he would have called them,
could be shown him.

Great as the differences are between the breeds of
pigeons, I am fully convinced that the common opinion
of naturalists is correct, namely, that all have descended
from the rock-pigeon (Columba livia), including under
this term several geographical races or sub-species, which
differ from each other in the most trifling respects. As
several of the reasons which have led me to this belief
are in some degree applicable in other cases, I will here
briefly give them. If the several breeds are not varieties,
and have not proceeded from the rock-pigeon, they must
have descended from at least seven or eight aboriginal
stocks ; for it is impossible to make the present domestic
breeds by the crossing of any lesser number: how, for
instance, could a pouter be produced by crossing two
breeds unless one of the parent-stocks possessed the
characteristic enormous crop? The supposed aboriginal
stocks must all have been rock-pigeons, that is, not
breeding or willingly perching on trees. But besides
C. livia, with its geographical sub-species, only two or
three other species of rock-pigeons are known ; and these
have not any of the characters of the domestic breeds.
Hence the supposed aboriginal stocks must either still
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exist in the countries where they were originally domes-
tieated, and yet be unknown to ornithologists ; and this,
considering their size, habits, and remarkable characters,
seems very improbable; or they must have become
extinet in the wild state. But birds breeding on preci-
pices, and good fliers, are unlikely to be exterminated ;
and the common rock-pigeon, which has the same habits
with the domestic breeds, has not been exterminated
even on several of the smaller British islets, or on the
shores of the Mediterranean. Hence the supposed ex-
termination of so many species having similar habits
with the rock-pigeon seems to be a very rash assump-
tion. Moreover, the several above-named domesticated
breeds have been transported to all parts of the world,
and, therefore, some of them must have been carried
back again into their native country ; but not one has
ever become wild or feral, though the dovecot-pigeon,
which is the rock-pigeon in a very slightly altered state,
has become feral in several places. Again, all recent
experience shows that it is difficult to get any wild
animal to breed freely under domestication ; yet, on the
hypothesis of the multiple origin of our pigeons, it must
be assumed that at least seven or eight species were so
thoroughly domesticated in ancient times by half-civi-
ized man, as to be quite prolific under confinement.
An argument, as it seems to me, of great weight, and
applicable in several other cases, is, that the above-
vified breeds, thongh agreeing generally in constitn-
habits, voice, colouring, and in most parts of their
tructure, with the wild rock-pigeon, yet are certainly
highly abnormal in other parts of their structure; we
iy look in vain throughout the whole great family of
slumbids for a beak like that of the English carrier,
that of the short-faced tumbler, or barb ; for reversed
like those of the Jacobin ; for a erop like that
[}

7
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of the pouter; for tail-feathers like those of the fantail.
Hence it must be mumed not only that half-civilized
d in ing several
specles, but that he intentionally or by chance picked
out extraordinarily abnormal species; and further, that
these very species have since all become extinct or un-
known. So many strange contingencies are improbable
in the highest degree.
Some facts in regard to the colouring of pigeons well
deserve consideration. The rock-pigeon is of a slaty-
blue, and has a white croup (the Indian sub-species,
C. intermedia of Strickland, having it bluish) ; the tail
has a terminal dark bar, with the bases of the outer
feathers externally edged with white; the wings have
two black bars: some semi-domestic breeds, and some
apparently truly wild breeds, have, besides the two
black bars, the wings chequered with black. These
several marks do not oceur together in any other species
of the whole family. Now, in every one of the domestic
breeds, taking thoroughly well-bred birds, all the above
marks, even to the white edging of the outer tail-
feathers, sometimes concur perfectly developed. More-
over, when birds belonging to two or more distinct
breeds are crossed, none of which are blue or have any
of the above-specified marks, the mongrel offspring are
very apt suddenly to acquire these characters. To give
one instance out of several which I have observed :—I
crossed some white fantails, which breed very true, with
some black barbs—and it so happens that blue varieties
of barbs are so rare that I never heard of an instance in
England ; and the mongrels were black, brown, and
mottled. I also crossed a barb with a spot, which is a
white bird with a red tail and red spot on the forehead,
and which notoriously breeds very true; the mongrels
were dusky and mottled. I then crossed ome of the
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‘mongrel barb-fantails with a mongrel barb-spot, and
they produced a bird of as beautiful a blue colour, with
the white croup, double black wing-bar, and barred and
‘white-edged tail-feathers, as any wild rock-pigeon! We
can understand these facts, on the well-known principle
of reversion to ancestral characters, if all the domestic
breeds have descended from the rock-pigeon. Bt if we
deny this, we must make one of the two following highly
Jimprobable suppositions. Either, firstly, that all the
several imagined aboriginal stocks were coloured and
marked like the rock-pigeon, althongh no other existing
gpecies is thus coloured and marked, so that in each
separate breed there might be a tendency to revert to
the very same colours and markings. Or, secondly,
that each breed, even the purest, has within a dozen, or
at most within a score, of generations, been crossed by
the rock-pigeon : I say within a dozen or twenty genera-
tions, for we know of no fact countenancing the belief
that the child ever reverts to some one ancestor, removed
by a greater number of generations. In a breed which
s been crossed only once with some distinet breed, the
tendency to reversion to any character derived from
such cross will naturally become less and less, as in each
g generation there will be less of the foreign
3 but when there has been no cross with a distinct
and there is a tendency in both parents to revert
& character which has been lost during some former
ion, this tendency, for all that we can see to the
trary, may be transmitted undiminished for an inde-
number of generations. These two quite distinct
are often confounded by those who have written
inheritance.
_ Lastly, the hybrids or mongrels from between all the
tic breeds of pigeons are perfectly fertile. I can
ﬁ- from my own observations, purpoulg made,
c
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on the most distinct breeds. Now, it is difficult, per-
haps impossible, to bring forward one case of the hybrid
offspring of two animals clearly distinct being them-
selves perfectly fertile. Some authors believe that long-
continued domestication eliminates this strong tendency
to sterility : from the history of the dog, and of some
other domestic animals, there is great probability in
this hypothesis, if applied to species closely related to
each other, though it is unsupported by a single experi-
ment. But to extend the hypothesis so far as to sup-
pose that species, aboriginally as distinct as carriers,
tumblers, pouters, and fantails now are, should yield
offspring perfectly fertile inter se, seems to me rash in
the extreme.

From these several reasons, namely, the improbability
of man having formerly got seven or eight supposed
species of pigeons to breed freely under domeshcm,mn
these supposed species being quite unknown in a wild
state, and their becoming nowhere feral; these species
having very abnormal characters in certain respects, as
compared with all other Columbidee, though so like in
‘most other respects to the rock-pigeon ; the blue colour
and various black marks occasionally appearing in all
the breeds, both when kept pure and when crossed;
the mongrel offspring being perfectly fertile ;—from
these several reasons, taken together, we may safely
conclude that all our domestic breeds have descended
from the Columba livia with its geographical sub-
species.

In favour of this view, I may add, firstly, that C. livia,
or the rock-pigeon, has been found capable of domestica-
tion in Europe and in India ; and that it agrees in habits
and in a great number of points of structure with all
the domestic breeds. Secondly, although an English
carrier or a short-faced tumbler differs immensely in
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~ certain characters from the rock-pigeon, yet by com-
- paring the several sub-breeds of these varieties, more
especially those brought from distant countries, we can
make in these two cases, ‘and in some but not in all
~ other cases, an almost perfect series between the ex-
tremes of structure. Thirdly, those characters which
‘are mainly distinctive of each breed, for instance the
 wattle and length of beak of the carrier, the shortness
of that of the tumbler, and the number of tail-feathers
in the fantail, are in each breed eminently variable ; and
the explanation of this fact will be obvious when we
- come to treat of Selection. Fourthly, pigeons have
I been watched and tended with the utmost care, and
loved by many people. They have been domesticated
for thousands of years in several quarters of the world ;
the carliest known record of pigeons is in the fifth
Fptun dynasty, about 3000 B.., as was pointed out
me by Professor Lepsius; but Mr, Birch informs me
that pigeons are given in a bill of fare in the previous
« . In the time of the Romans, as we hear from
iny, immense prices were given for pigeons; “nay,
are come to this pass, that they can reckon up
ir pedigree and race.” Pigeons were much valued
Akber Khan in India, about the year 1600; never
than 20,000 pigeons were taken with the court.
‘Tho monarchs of Iran and Turan sent him some very
birds ;" and, continues the courtly historian, « His

ty by crossing the breeds, which method was
ised before, has improved them astonish-

2 About this same period the Dutch were as
about pigeons as were the old Romans. The
unt i of these iderations in ex-
the immense amount of variation which pigeons
will be obyious when we treat of Selec-
m. ‘We shall then, also, see how it is that the several
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breeds so often have a somewhat monstrous character.
It is also & most favourable circumstance for the pro-
duction of distinet breeds, that male and female pigeons
can be easily mated for life; and thus different breeds
can be kept together in the same aviary.

I have discussed the probable origin of domestic
pigeons at some, yet quite insufficient, length ; because
when I first kept pigeons and watched the several
kinds, well knowing how truly they breed, I felt fally
as much difficulty in believing that since they had been
domesticated they hndnllprneeeded from a common
parent, as any nnnulm could in coming to a similar
conclnsion in regard to the many species of finches, or
other large groups of birds, in nature. One circum-
stance has struck me much; namely, that nearly all
the breeders of the various dmnenw animals and the
cultivators of plants, with whom I have conversed, or
whose treatises I have read, are firmly convinced that
the several breeds to which each has attended, are de-
scended from so many aboriginally distinct species.
Ask, as T have asked, a celebrated raiser of Hereford
mﬂa, whether his cattle might not have descended

or both from a common parent-stock,
ndhewﬂlhllyummn. I have never met a
pigeon, or poultry, or duck, or rabbit fancier, who was
not fully convinced that each main breed was descended
from a distinet species. Van Mons, in his treatise on
pears and apples, shows how utterly he disbelieves that
the several sorts, for instance a Ribston-pippin or Codlin-
apple, could ever have proceeded from the seeds of the
same tree. Innumerable other examples could be given.
The explanation, I think, is simple : from long-continued
study they are strongly impressed with the differences
between the several races; and thongh they well know
that each race varies slightly, for they win their prizes
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by selecting such slight differences, yet they ignore all
general arguments, and refuse to sum up in their minds
slight differences accumulated during many successive
generations. May not those naturalists who, knowing
far less of the laws of inheritance than does the breeder,
and knowing no more than he does of the intermediate
links in the long lines of descent, yet admit that many
of our domestic races have descended from the same
parents—may they not learn a lesson of caution, when
they deride the idea of species in a state of nature being
lineal ts of other species ?

Principles of Selection anciently followed, and their
Efects.

Let us now briefly consider the steps by which do-
mestic races have been produced, either from one or
from several allied species. Some little effect may be
attributed to tlie direct action of the external conditions
of life, and some little to habit; but he would be a bold
man who would account by such agencies for the differ-
ences of a dray and race horse, a greyhound and blood-
hound, a carrier and tumbler pigeon. One of the most
remarkable features in our domesticated races is that
we see in them adaptation, not indeed to the animal’s
or plant’s own good, but to man’s use or fancy. Some
variations useful to him have probably arisen suddenly,
or by one step; many botanists, for instance, believe
that the fuller's teasel, with its hooks, which cannot
be rivalled by any mechanical contrivance, is only a
wvariety of the wild Dipsacus; and this amount of change
may have suddenly arisen in a seedling. So it has
probably been with the turnspit dog; and this is known
1o have been the case with the ancon sheep. But when
we compare the dray-horse and race-horse, the drome-
dary and camel, the various breeds of sheep fitted either
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for cultivated land or mountain pasture, with the wool
of one breed good for one purpose, and that of another
breed for another purpose; when we compare the many
breeds of dogs, each good for man in very different
ways; when we compare the game-cock, 5o pertinacious
in battle, with other breeds so little quarrelsome, with
« eyerlasting layers” which never desire to sit, and with
the bantam so small and elegant; when we compare
the host of agricultural, culinary, orchard, and flower-
garden races of plants, most useful to man at different
seasons and for different purposes, or so beautiful in his
eyes, we must, I think, look further than to mere vari-
ability. We cannot suppose that all the breeds were
suddenly produced as perfect and as useful as we now
_see them; indeed, in many cases, we know. that this
has not been their history. The key is man's power
of accumulative selection: nature gives successive vari-
ations; man adds them up in certain directions useful
1o him. In this sense he may be said to have made for
‘himself useful breeds.
The great power of this prineiple of selection is not
hypothetical. It is certain that several of our eminent
breeders have, even within a single lifetime, modified
0 a large extent some breeds of cattle and sheep. In
order fully to realise what they have done, it is almost
to read several of the many treatises devoted
to this subject, and to inspect the animals. Breeders
habitually speak of an animal’s organisation as some-
Ghmgthphmn.whichtbeyunmdeldmoctns
they please. If I had space I could quote numerous
passages to this effect from highly competent authorities.
Youatt, who was probably better acquainted with the
works of agriculturists than almost any other individual,
and who was himself a very good judge of an animal,
speaks of the principle of selection as  that which en-
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ables the agriculturist, not only to modify the character
of his flock, but to change it altogether. It is the
’'s wand, by means of which he may summon
into life whatever form and mould he pleases.” Lord

speaking of what breeders have done for
sheep, says:i—* It would seem as if they had chalked
out upon a wall a form perfect in itself, and then had
given it existence.” That most skilful breeder, Sir John
Sebright, used to say, with respect to pigeons, that “he
would produce any given feather in three years, but it
would take him six years to obtain head and beak.” In
Saxony the importance of the principle of selection in
regard to merino sheep is so fully recognised, that men
follow it as a trade: the sheep are placed on a table
and are studied, like a picture by a connoisseur; this is
done three times at intervals of months, and the sheep
are each time marked and classed, so that the very best
may ultimately be selected for breeding.

‘What English breeders have actually effected is proved
by the enormous prices given for animals with a good
pedigree ; and these have now been to almost
every quarter of the world. The improvement is by no
means generally due to crossing different breeds; all
the best breeders are strongly opposed to this practice,
except sometimes amongst closely allied sub-breeds.
And when a cross has been made, the closest selection
is far more indispensable even than in ordinary cases.
Tf selection consisted merely in separating some very
distinet variety, and breeding from it, the principle
would be so obvious as hardly to be worth notice; but
its importance consists in the great effect produced by
the leoumn]ntmn in one direction, during successive

bsolutely inappreciable” by

h unedm'.ated eye—differences which I for one have

 attempted to appreciate. Not one m;n in a
o
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thousand has aceuracy of eye and judgment sufficient
to become an eminent breeder. If gifted with these
qualities, and he studies his subject for years, and de-
votes his lifetime to it with indomitable perseverance,
he will succeed, and may make great improvements; if
he wants any of these qualities, he will assuredly fail.
Few would readily believe in the natural capacity and
years of practice requisite to become even a skilful
pigeon-fancier.

The same principles are followed by horticulturists ;
but the variations are here often more abrupt. No one
supposes that our choicest productions have been pro-
duced by a single variation from the aboriginal stock.
‘We have proofs that this is not so in some cases in
which exact records have been kept; thus, to give a
very trifling instance, the steadily-increasing size of the
common gooseberry may be quoted. We see an asto-
nishing improvement in many florists’ flowers, when the
flowers of the present day are compared with drawings
made only twenty or thirty years ago. When a race of
plants is once pretty well established, the seed-raisers
do not pick out the best plants, but merely go over
their seed-beds, and pull up the “rogues,” as they call
the plants that deviate from the proper standard. With
animals this kind of selection is, in fact, also followed ;
for hardly any one is so careless as to allow his worst
animals to breed.

In regard to plants, there is nnnt.her means of ob-
serving the effects of
by comparing the dxvemty of ﬂowers in the dlﬂ'erent.
varieties of the same species in the flower-garden ; the
diversity of leaves, pods, or tubers, or whatever part is
valued, in the kitchen-garden, in comparison with the
flowers of the same varieties ; and the diversity of fruit
of the same species in the orchard, in comparison with
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the leaves and flowers of the same set of varieties. See
how different the leaves of the cabbage are, and how
extremely alike the flowers; how unlike the flowers of
the heartsease are, and how alike the leaves; how much
the fruit of the different kinds of gooseberries differ in
size, colour, shape, and hairiness, and yet the flowers
present very slight differences. It is not that the va-
rieties which differ largely in some one point do not
differ at all in other points; this is hardly ever,—I speak
after careful observation,—perhaps never, the case. The
Taws of correlation of growth, the importance of which
should never be overlooked, will ensure some differ-
ences; but, as a general rule, I cannot doubt that the
continued selection of slight variations, either in the
leaves, the flowers, or the frait, will produce races dif-
fering from each other chiefly in these characters.

It may be objected that the principle of selection has
been reduced to methodical practice for scarcely more
than three-quarters of a century ; it has certainly been
more attended to of late years, and many treatises have
been published on the subject; and the result has been,
in a corresponding degree, rapid and important. But
it is very far from true that the principle is a modern
dueovery 1 oonld gwe several references to the full

f the of the principle in
works of high mmq\my In rude and barbarous periods
of English history choice animals were often imported,
and laws were passed to prevent their exportation: the .
destruction of horses under a certain size was ordered,
and this may be compared to the “roguing” of plants
by nurserymen. The principle of selection I find
distinetly given in an ancient Chinese encyclopedia.
Explicit rules are laid down by some of the Roman
classical writers, From passages in Genesis, it is clear
that the colour of domestic animals was at that early
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period attended to. Savages now sometimes cross their
dogs with wild canine animals, to improve the breed,
and they formerly did so, as is attested by passages in
Pliny. The savages in South Africa match their draught
cattle by colour, as do some of the Esquimaux their
teams of dogs. Livingstone shows how much good
domestic breeds are valued by the negroes in the interior
of Africa who have not associated with Europeans. Some
of these facts do not show actual selection, but they
show that the breeding of domestic animals was carefully
attended to in ancient times, and is now attended to
by the lowest savages. It would, indeed, have been a
strange fact, had attention not been paid to breeding, for
the inheritance of good and bad qualities is so obvious,

Uneonscious Selection.

At the present time, eminent breeders try by
methodical selection, with a distinet object in view,
to make a new strain or sub-breed, superior to any-
thing existing in the country. But, for our purpose,
a kind of Selection, which may be called Unconscious,
and which results from every one trying to possess
and breed from the best individual animals, is more
important. Thus, a man who intends keeping pointers
naturally tries to get as good dogs as he can, and
afterwards breeds from his own best dogs, but he has
no wish or expectation of permanently altering the
breed. Nevertheless we may infer that this process,
continued during centuries, would improve and modify
any breed, in the same way as Bakewell, Collins, &c.,
by this very same process, only carried on more method-
ically, did greatly modify, even during their own life-
times, the forms and qualities of their cattle. Slow and
insensible changes of this kind could never be recog-
nised unless actual measurements or careful drawings
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of the breeds in question had been made long ago,
which might serve for comparison. In some cases, how-
ever, unchanged, or but little changed individuals of
 the same breed may be found in less civilised districts,
where the breed has been less improved. There is
reason to believe that King Charles’s spaniel has been
unconsciously modified to a large extent since the time
of that monarch. Some highly competent authorities
are convinced that the setter is directly derived from
the spaniel, and has probably been slowly altered from
it. It is known that the English pointer has been
greatly changed within the last century, and in this
case the change has, it is believed, been chiefly effected
by crosses with the fox-hound ; but what concerns us
is, that the change has been effected unconsciously and
gradually, and yet so effectually, that, though the old
Spanish pointer certainly came from Spain, Mr. Borrow
has not seen, as I am informed by him, any native dog
in Spain like our pointer.
~ By a similar process of selection, and by careful train-
ing, the whole body of English racehorses have come to
surpass in fleetness and size the parent Arab stock, so
that the latter, by the regulations for the Goodwood
are favoured in the weights they carry. Lord
Spencer and others have shown how the cattle of Eng-
Jland have increased in weight and in early maturity, com-
with the stock formerly kept in this country. By
comparing the accounts given in old pigeon treatises of
and tumblers with these breeds as now existing in
India, and Persia, we can, I think, clearly trace
e stages through which they have insensibly passed,
come to differ so greatly from the rock-pigeon.
~ Youatt gives an excellent illustration of the effects of
 course of selection, which may be considered as un-
iously followed, in so far that the breeders could
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never have expected, or even have wished, to produce
the result which ensued—namely, the production of
two distinet strains. The two flocks of Leicester sheep
kept by Mr. Buckley and Mr. Burgess, as Mr. Youatt
remarks, “have been purely bred from the original stock
of Mr. Bakewell for upwards of fifty years. There is
not a suspicion existing in the mind of any one at all
acquainted with the subject that the owner of either of
them has deviated in any one instance from the pure
blood of Mr. Bakewell’s flock, and yet the difference
between the sheep possessed by these two gentlemen is
so great that they have the appearance of being quite
different varieties.”

If there exist savages so barbarous as never to think
of the inherited character of the offspring of their do-
mestic animals, yet any one animal particularly useful
to them, for any special purpose, would be carefully
preserved during famines and other accidents, to which
savages are so liable, and such choice animals would
thus generally leave more offspring than the inferior
ones; so that in this case there would be a kind of un-
conscious selection going on.  We see the value set on
animals even by the barbarians of Tierra del Fuego, by
their killing and devouring their old women, in times of
dearth, as of less value than their dogs.

In plants the same gradual process of improvement,
through the occasional preservation of the best indivi-
duals, whether or not sufficiently distinct to be ranked at
their first appearance as distinct varieties, and whether or
not two or more species or races have become blended
together by crossing, may plainly be recognised in the
increased size and beauty which we now see in the va-
rieties of the heartsease, rose, pelargonium, dahlia, and
other plants, when compared with the older varieties or
with their parent-stocks. No one would ever expect to
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get a first-rate heartsease or dahlia from the seed of a
wild plant. No one would expect to raise a first-rate
ndﬁngpurﬁvmﬂxewedofthewﬂdpw,dmngh
he might succeed from a poor seedling growing wild,
if it had come from a garden-stock. The pear, though
cultivated in classical times, appears, from Pliny’s de-
seription, to have been a fruit of very inferior quality.
I have seen great surprise expressed in horticultural
works at the wonderful skill of gardeners, in having
produced such splendid results from such poor materials;
but the art has been simple, and, as far as the final
result is concerned, has been followed almost uncon-
sciously. It has consisted in always cultivating the best
known variety, sowing its seeds, and, when a slightly
better variety has chanced to appear, le.lectmg it, and
%0 onwards, But the gardeners of the classical

who cultivated the best pear they could procure, never
thought what splendid {ruit we should eat; though we
owe our excellent fruit, in some small degree, to their
having naturally chosen and preserved the best varieties

they could anywhere find.

A large amount of change in our cultivated plants,
thus slowly and unconsciously accumulated, explains, as
1 believe, the well-known fact, that in a vast number of
cases we cannot recognise, and therefore do not know,
the wild parent-stocks of the plants which have been
longest cultivated in our flower and kitchen gardens.
If it has taken centuries or thousands of years to im-
prove or modify most of our plants up to their present
standard of usefulness to man, we can understand how it
i8 that neither Australia, the Cape of Good Hope, nor
any other region inhabited by quite uncivilised man, has
afforded us a single plant worth culture. It is not that
these countries, so rich in species, do not by a strange
chance possess the aboriginal stocks of any useful plants,
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but that the native plants have not been improved by
continued selection up to a standard of perfection com-
parable with that given to the plants in countries an-
ciently civilised.

Tn regard to the domestic animals kept by uncivilised
man, it should not be overlooked that they almost
always have to struggle for their own food, at least
during certain seasons. And in two countries very dif-
ferently circumstanced, individuals of the same species,
having slightly different constitutions or structure, would
often succeed better in the one country than in the
other; and thus by a process of “natural selection,” as
will hereafter be more fully explained, two sub-breeds
might be formed, This, perhaps, partly explains what
has been remarked by some authors, namely, that the
varieties kept by savages have more of the character of
species than the varieties kept in civilised countries.

On the view here given of the all-important part which
selection by man has played, it becomes at once obvious,
how it is that our domestic races show adaptation in their
structure or in their habits to man’s wants or fancies.
‘We can, I think, further understand the frequently
abnormal character of our domestic races, and likewise
their differences being so great in external characters
and relatively so slight in internal parts or organs,
Man can hardly select, or only with much dlfﬁculty, ong,

iation of structure such as is
visible; and indeed he rarely cares for what is internal,
He can never act by selection, excepting on variations
which are first given to him in some slight degree by
nature. No man would ever try to make a fantail, till
he saw a pigeon with a tail developed in some slight
degree in an unusual manner, or a pouter till he saw a
pigeon with a crop of somewhat unusual size; and the
more abnormal or unusual any character was when it first
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appeared, the more likely it would be to catch his atten-
tion. But to use such an expression as trying to make
e . fantail, is, I have no doubt, in most cases, utterly in-
correct. The man who first selected a pigeon with a
slightly larger tail, never dreamed what the descendants
of that pigeon would become through long-continued,
partly unconscious and partly methodical selection.
Perhaps the parent-bird of all fantails had only fourteen
tail-feathers somewhat expanded, like the present Java
fantail, or like individuals of other and distinet breeds,
in which as many as seventeen tail-feathers have been
counted. Perhaps the first pouter-pigeon did not inflate
its crop much more than the turbit now does the upper
part of its wsophagus,—a habit which is disregarded by
all fanciers, as it is not one of the points of the breed.

Nor let it be thought that some great deviation of
structure would be necessary to cateh the fancier’s eye:
he p small diff and it is in
human nature to value any novelty, however slight, in
one’s own possession. Nor must the value which would
formerly be set on any slight differences in the indivi-
duals of the same species, be judged of by the value
which would now be set on them, after several breeds
have once fairly been established. Many slight differ-
ences might, and indeed do now, arise amongst pigeons,
which are rejected as faults or deviations from the
of perfection of each breed. The common
goose has not given rise to any marked varieties; hence
the Toulouse and the common breed, which differ only
in colour, that most fleeting of characters, have lately
been exhibited as distinet at our poultry-shows.

1 think these views further explain what has sometimes
been noticed—namely, that we know nothing about the
ﬂmgm or history of any of our domestic breeds. But, in
fuct, a breed, like a dialect of a language, can hardly be
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said to have had a definite origin. A man preserves and
breeds from an individual with some slight deviation of
structure, or takes more care than usnal in matching his
best animals, and thus improves them, and the improved
individuals slowly spread in the immediate neighbour-
hood. But as yet they will hardly have a distinct name,
and from being only slightly valued, their history will
be disregarded. When further improved by the same
slow and gradual process, they will spread more widely,
and will get recognised as something distinct and valu-
able, and will then probably first receive a provincial
name. In semi-civilised countries, with little free com-

ication, the spreading and knowledge of any new
sub-breed would be a slow process. As soon as the points
of value of the new sub-breed are once fully acknow-
ledged, the principle, as I have called it, of unconscious
selection will always tend,—perhaps more at one period
than at another, as the breed rises or falls in fashion,—
perhaps more in one district than in another, according
to the state of civilisation of the inhabitants,—slowly to
add to the characteristic features of the breed, whatever
they may be. But the chance will be infinitely small of
any record having been preserved of such slow, varying,
and insensible changes.

Circumstances favourable to Man's Power of Selection.

I must now say a few words on the circumstances,
favourable, or the reverse, to man's power of selection.
A high degree of variability is obviously favourable, as
freely giving the materials for selection to work on;
not that mere individual differences are not amply suf-
ficient, with extreme care, to allow of the accumulation
of a large amount of modification in almost any desired
direction. But as variations manifestly useful or pleasing
to man appear only occasionally, the chance of their
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appearance will be much increased by a large number of
individuals being kept; and hence this comes to be of
_ the highest importance to success. On this principle
Marshall formerly remarked, with respect to the sheep
of parts of Yorkshire, that, “as they generally belong to
poor people, and are mostly in small lots, they never
can be improved.” On the other hand, nurserymen,
from raising large stocks of the same plants, are gene-
rally far more successful than amateurs in getting new
and valuable varieties. The keeping of a large number
- of individuals of a species in any country requires that
the species should be placed under favourable conditions
of life, 5o as to breed freely in that country. When the
individuals of any species are scanty, all the individuals,
whatever their quality may be, will generally be allowed
to breed, and this will effectually prevent selection.
But probably the most important point of all is that the
animal or plant should be so highly useful to man, or
80 much valued by him, that the closest attention is
paid to even the slightest deviation in the qualities or
structure of each individual. Unless such attention
be paid nothing can be effected. I have seen it gravely
remarked, that it was most fortunate that the straw-
berry began to vary just when gardeners began to at-
tend closely to this plant. No doubt the strawberry
had always varied since it was cultivated, but the slight
varieties had been neglected. As soon, however, as
gardeners picked out individual plants with slightly
larger, earlier, or better fruit, and raised seedlings from
them, and again picked out the best seedlings and bred
from them, then, there appeared (aided by some crossing
with distinct species) those many admirable varieties of
the strawberry which have been raised during the last
thirty or forty years.
In the case of animals with separate sexes, facility in
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preventing crosses is an important element of success
in the formation of new races,—at least, in a country
which is already stocked with other races. In this re-
spect enclosure of the land plays a part. Wandering
savages or the inhabitants of open plains rarely possess
more than one breed of the same species. Pigeons can
be mated for life, and this is a great convenience to the
fancier, for thus many races may be improved and
kept true, though mingled in the same aviary ; and this
circumstance must have largely favoured the formation
of new breeds. Pigeons, I may add, can be propagated
in great numbers and at a very quick rate, and inferior
birds may be freely rejected, as when killed they serve
for food. On the other hand, eats, from their nocturnal
rambling habits, cannot be easily matched, and, afthough
s0 much valued by women and children, we hardly ever
see a distinct breed kept up; such breeds as we do
sometimes see are almost always imported from some
other country. Although I do not doubt that some
domestic animals vary less than others, yet the rarity
or absence of distinct breeds of the cat, the donkey,
peacock, goose, &c., may be attributed in main part to
selection not having been brought into play: in cats,
from the difficulty in pairing them: in donkeys, from
only a few being kept by poor people, and little atten-
tion paid to their breeding; for recently in certain parts
of Spain and of the United States this animal has been
surprisingly modified and improved by careful selection :
in pucoeh,ﬁmmbungverynsﬂymrednndu
large stock not kept: in geese, from being valuable only
for two purposes, food and feathers, and more especially
from no pleasure having been felt in the display of dis-
tinct breeds; but the goose seems to have a singularly
inflexible organisation.

To sum up on the origin of our domestic races of

@& The Camplete Waork of Charles Darwin Online




Cmar. L SUMMARY OF VARIATION. 45

animals and plants. I believe that the conditions of
life, from their action on the repmdmmve system, are
80 far of the highest importance as Ccausing variability.
1t is not probable that variability is an inherent and
necessary under all i with all
organic beings, as some authors have thought. The
effects of variability are modified by various degrees of
inheritance and of reversion. Variability is governed
by many unknown laws, more especially by that of cor-
relation of growth. Something may be attributed to
the direct action of the conditions of life. Something
must be attributed to use and disuse. The final result
u thus rendered infinitely eomplex In some cases the
ing of species, lly distinct, has pro-
bably played an importaut part in the origin of our
domestic breeds. When in any country several domestic
breeds have once been established, their occasional in-
tercrossing, with the aid of selection, has, no doubt,
largely aided in the formation of new sub-breeds ; but
the importance of the crossing of varieties has been
greatly exaggerated, both in regard to animals and to
those plants which are propagated by seed. In plants
which are temporarily propagated by cuttings, buds, &e.,
the importance of the crossing both of distinet species
lnd of varieties is immense; for the cultivator here
disregards the extreme vambllxty both of hybrids
and mongrels, and the frequent sterility of hylmds but
the cases of plants not propagated by seed are of little
to us, for their end is only temporary.
Over all these causes of Change I am convinced that
ﬁ- accumulative action of Selection, whether applied
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CHAPTER IL

Vauaros vsver NATURE.

larger genera. resemblo varicties in being very closely, but -
equally, related to each other, and in having restricted ranges.

Berore applying the principles arrived at in the last
chapter to organic beings in a state of nature, we must
briefly discuss whether these latter are subject to any
variation. To treat this subject at all properly, a long
catalogue of dry facts ought to be given; but these I
shall reserve for my future work. Nor shall I here
discuss the various definitions which have been given of
the term species. No one definition has as yet satisfied
all naturalists; yet every naturalist knows vaguely what
he means when he speaks of a species. Generally the
term includes the unknown element of a distinct act of
creation. The term “variety” is almost equally difficult
to define; but here community of descent is almost
universally implied, though it can rarely be proved.
‘We have also what are called monstrosities ; but they
graduate into varieties. By a monstrosity I presume is
meant some considerable deviation of structure, gene-
rally injurious to ntnptn-fnltothelpeclu Sonm
authors use the term * variation ” in a technical sense,
as |mplymg a modification dn'cct!y dno to the physical
ions of life; and in this sense are

@ The Combplete Wark of Chardes Darwin Online




Cuar. 11, VARIATION UNDER NATURE. 47

supposed not to be inherited : but who can say that the
dwarfed condition of shells in the brackish waters of
the Baltie, or dwarfed plants on Alpine summits, or the
thicker fur of an animal from far northwards, would
not in some cases be inherited for at least some few
generations ? and in this case I presume that the form
would be called a variety.

It may be doubted whether sudden and great devia-
tions of structure such as we oceasionally see in our
domestic productions, more especially with plants, are
ever permanently propagated in a state of nature.
Almost every part of every organie being is so beauti-
fully related to its complex conditions of life that it
seems as improbable that any part should have been
suddenly produced perfect, as that a complex machine
should have been invented by man in a perfect state.
Under domestication monstrosities often occur which
are comparable with normal structures. Thus pigs have
often been born with a sort of proboscis like that of the
tapir or elephant. Now, if any wild species of the pig-
genus had naturally possessed a proboscis, it might have
been argued that this had suddenly appeared as a
monstrosity; but I have as yet failed, after diligent
search, to find, in nearly allied forms, cases of mon-
strosities and of normal structures resembling each
other. If monstrous forms of this kind ever do appear
in a state of nature and are capable of propagation
(which is not always the case), as they occur rarely and
ly, they must be crossed with the ordinary form,
their character. will be transmitted in a modified
state. If perpetuated in this crossed state, their pre-
servation will be almost necessarily due to the modifica-
tion being in some way beneficial to the animal under

 then existing conditions of life; so that, even in this
natural selection will come into play.
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Individual Differences.

The many slight differences which frequently appear
in the offspring from the same parents, or which may be
presumed to have thus arisen, from being frequently
observed in the individuals of the same species inhabit-
ing the same confinéd locality, may be called individual
differences. No one supposes that all the individuals of
the same species are cast in the same actual mould.
These individual differences are highly important for us,
for they are often inherited, as must be familiar to every
one; and thus they afford materials for natural selec-
tion to act on and accumulate, in the same manner
as man accumulates in any given du-ef-tmn mdmdnul

di in his d * These
individual di ,nﬂ'ectwhnt li
consider ummportaut parts; but I could show by
a long catalogue of facts, that parts which must be
called important, whether viewed under a physiological
or classificatory point of view, sometimes vary in the
individuals of the same species. Tam convinced that
the most experienced naturalist would be surprised at
the number of the cases of variability, even in impor-
tant parts of structure, which he conld collect on good
authority, as T have collected, during a course of years.
It should be remembered that systematists are far from
being pleased at finding variability in important
characters, and that there are not many men who will
laboriously examine internal and important organs, and
compare them in mnny specimens of the same species.
It would never have been expected that the branching
of the main nerves close to the great central ganglion
of an insect would have been variable in the same
species ; it might have been thought that changes of
this nature could have been effected only by slow
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degrees ; yet recently Sir J. Lubbock has shown a degree
of variability in these main nerves in Coccus, which
may almost be compared to the irregular branching of
the stem of a tree. This philosophical naturalist, I
may add, has also recently shown that the muscles in
the larvee of certain insects are very far from uniform.
Authors sometimes argue in a circle when they state
that important organs never vary; for these same
authors practically rank that character as important
(as some few lists have honestly confessed) which
does not vary; and, under this point of view, no in-
stance will ever be found of an important part varying:
but under any other point of view many instances
assuredly can be given.

There is one point connected with individual differ-
ences, which is extremely perplexing: 1 refer to those
fenera which have sometimes been called “ protean” or

“polymorphic,” in which the species present an inordi-
nate amount of variation; and hardly two naturalists
ean agree which forms to rank as species and which as
varieties, We may instance Rubus, Rosa, and Hieracium
amongst plants, several genera of insects, several genera
of Brachiopod shells, and the Ruff (Machetes pugnax)
amongst birds. In most polymorphic genera some of
the species have fixed and definite characters, Genera
which are polymorphic i In one country seem to be, with
some few phic in other
and likewise, _]udgmg from Brachiopod shells, at former
periods of time. These facts are very perplexing, for
they seem to show that this kind of variability is inde-
pendent of the conditions of life. I am inclined to
suspect that we see in these polymorphic genera varia-
tions in points of structure which are of no service or
disservice to the species, and which consequently have

v D
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not been seized on and rendered definite by natural
selection, as hereafter will be explained.

Individuals of the same species often present great
differences of structure, not directly connected with
umhﬂny,-mlhm-mn,-mthmardlm
castes of sterile femal and as
in the immature and larval states of all animals. There
are, however, other cases, namely of dimorphism and
trimorphism, which might easily be, and have frequently
been, confounded with variability, but which are really
quite distinet. T refor to the two or three distinet forms,
which certain animals of either sex, and certain herma-
phrodite plants, habitually present. Thus, Mr. Wallace,
who has lately called special attention to the subject,
Thas shown that the females of certain species of but-
terflies, in the Malayan archipelago, regularly appear
under two or even three conspicuously distinet forms,
not eonnected together by intermediate varieties, The
nnged and freqm!nﬂy wingless states of so many

insects may probably be included as a
case of dimorphism, and not of mere variability. Fritz
Miiller, also, has recently deseribed analogous but more

cases in the males of certain Brazilian

+ thus, the male of a Tanais regularly occurs
under two widely different forms, not connected by
any intermediate links; one of these forms has much
stronger and differently shaped pincers for seizing the
female, and the other, uihmmhsm'em
much more abundantly furnished with smelling-hairs,
50 as to have a Inteut chance of finding the female.
Again, the males of another Crustacean, an Orchestia,
oceur under two distinct forms, with pincers differing
much more from each other in structure, than do the
pincers of most species of the same genus.  With respect
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to plants I have recently shown that species in several
widely distinet orders present two or even three forms,
which are abruptly distinguished from each other in
several important points, as in the size and colour of the
pollen-grains; and these forms, though all hermaphro-
dites, differ from each other in their reproductive power,
80 that for full fertility, or indeed in some cases for any
fertility, they must reciprocally impregnate each other.
Although the forms of the few dimorphic and trimor-
phic animals and plants which have been studied are
not now d together by i diate links, it is
probable that this will be found to oceur in other cases;
for Mr. Wallace observed a certain butterfly which
presented in the same island a great range of varieties
connected by intermediate links, and the extreme links -
of the chain closely resembled the two forms of an allied
dimorphic species inhabiting another part of the Malay
archipelago. Thus also with ants, the several worker-
castes are generally quite distinet ; but in some cases, as
we shall hereafter see, the castesare connected together
by graduated varieties. It certainly at first appears a
~ highly remarkable fact that the same female butterfly
should have the power of producing at the same time
- three distinet female forms and a male; that a male
- Crustacean should generate two male forms and a
female form, all widely different from each other; and
that an hermaphrodite plant should produce from the
same seed-capsule three distinet hermaphrodite forms,
bearing three different kinds of females and three or
- even six different kinds of males. Nevertheless these
cases are only exaggerations of the universal fact that
“every female animal produces males and females, which
 in some instances differ in so wonderful a manner from
each other.

D2
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The forms which possess in some considerable degree
the character of species, but which are so closely similar
to other forms, or are so closely linked to them by
i di dations, that lists do not like to
rank them as distinct species, are in several respects
the most important for us. We have every reason to
believe that many of these doubtful and closely-allied
forms have permanently retained their characters in
their own country for a long time ; for as long, as far
as we know, as have good and true species. Practi-
cally, when a naturalist can unite two forms together
by others having intermediate characters, he treats the
one as a variety of the other, ranking the most common,
but sometimes the one first described, as the species,
and the other as the variety. But cases of great diffi-
culty, which I will not here enumerate, sometimes
oceur in deciding whether or not to rank one form as
a variety of another, even when they are closely con-
nected by intermediate links; nor will the commonly-
assumed hybrid nature of the intermediate links always
remove the difficulty. In very many cases, however,
one form is ranked as a variety of another, not because
the intermediate links have actually been found, but
because analogy leads the observer to suppose either
that they do now somewhere exist, or may formerly
have existed; and here a wide door for the entry of
doubt and conjecture is opened.

Hence, in determining whether a form should be
ranked as a species or a variety, the opinion of natural-
ists having sound judgment and wide experience seems
the only guide to follow. We must, however, in many
cases, decide by a majority of naturalists, for few well-
marked and well-known varieties can be named which
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have not been ranked as species by at least some com-
petent judges.

That varieties of this doubtful nature are far from
uncommon cannot be disputed. Compare the several
floras of Great Britain, of France, or of the United
States, drawn up by different botanists, and see what a
surprising number of forms have been ranked by one
botanist as good species, and by another as mere vari-
eties. Mr. H. C. Watson, to whom I lie under deep
obligation for assistance of all kinds, has marked for
me 182 British plants, which are generally considered as
varieties, but which have all been ranked by botanists
as species; and in making this list he has omitted many
trifling varieties, but which nevertheless have been
ranked by some botanists as species, and he has entirely
omitted several highly polymorphic genera. Under
genera, including the most polymorphic forms, Mr.
Babington gives 251 species, whereas Mr. Bentham
gives only 112,—a difference of 139 doubtful forms!
Amongst animals which unite for each birth, and which
are highly locomotive, doubtful forms, ranked by one
soologist as a species and by another as a variety,
can rarely be found within the same country, but are
common in separated areas. How many of those birds
and insects in North America and Europe, which differ
yery slightly from each other, have been ranked by one
eminent naturalist as undoubted species, and by another
as varieties, or, as they are often called, as geographical
races! Mr, Wallace, in several valuable papers lately
published on the various animals, especially on the
Lepidoptera, inhabiting the islands of the great Malayan
archipelago, shows that they may be classed under
variable and under local forms, under geographical races
or sub-species, and as true representative species. The
variable forms vary much within the limits of the same
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island. The local forms of the same species are mode-
rately constant and distinet in each separate island;
but when all such forms from the several islands are
compared, the differences become so slight, numerous,
and graduated, that it is impossible to define or describe
many of them, though at the same time the extreme
forms are sufficiently distinet. The geographical races
or sub-species are local forms completely fixed and
isolated ; but as they do not differ from each other by
strongly marked and important characters, « there is
no possible test but individual opinion to determine
which of them shall be considered as species and which
as varieties.” Lastly, representative species fill the
same place in the natural economy of each island as do
the local forms and sub-species; but as they are dis-
tinguished from each other by a greater, though not by
a definite, amount of difference than that between the
local forms and sub-species, they are almost universally
ranked by naturalists as true species. Nevertheless, no
certain criterion can pombly be given by which variable
fmm,lomlfm b-spe , and species
can be

Many years ago, when comparing, and secing others
compare, the birds from the closely neighbouring islands
of the Galapagos Archipelago, both one with another,
and with those from the American mainland, I was
much struck how entirely vague and arbitrary is the
distinction between species and varieties. On the islets
of the little Madeira group there are many insects
which are characterized as varieties in Mr. Wollaston's
admirable work, but which certainly would be ranked
as distinct species by many entomologits. Even Ire-
land has a !sw animals, now generally regmded as
varieties, but which have been nnked as specles by
some zoologists. Several most
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consider our British red grouse as only a strongly-
marked race of a Norwegian species, whereas the greater
number rank it as an undoubted species peculiar to
Great Britain. A wide distance between the homes of
two doubtful forms leads many naturalists to rank both
as distinct species ; but what distance, it has been well
asked, will suffice? if that between America and Europe
is ample, will that between Europe and the Azores, or
Madeira, or the Canaries, or between the several islets
in each of these small archipelagos, be sufficient ?

Mr. B. D. Walsh, a distinguished entomologist of the
United States, has lately called attention to some cases,
analogous with those of local forms and geographical
races, yet very different from them. These cases he
has fully described under the terms of Phytophagic
varieties and Phytophagic species. Most vegetable-
feeding insects live on one kind of plant or on one
group of plants; but some feed indiscriminately on
many widely distinet kinds, yet this induces no change
in them. Mr. Walsh, however, has observed other cases
in which either the larva or mature insect, or both states,
are thus affected by slight, though constant, differ-
ences in colmlr. or size, or nature of their .ocrehom.
In one case diffe in food was panied by
several slight but constant structural differences in the
mature male alone. In other cases both males and
females are thus slightly affected. Lastly, differences
of food apparently cause more marked and constant
differences in colour or structure, or in both combined,
ln ﬂle Jarva and in the mature insect. Forms modified

this degree are ranked by all entomologists as dis-
M though allied, species of the same genus. The
differences, as in colour alone, and confined to
the larva alone, or to the mature insect alone, are almost
invariably looked at as mere varities. But no man
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can draw the line for others, even if he can do so for
himself, and determine with certainty which of the
several phytophagic forms to call varieties and which
to call species. Mr. Walsh, who argues with much
force that the different states have gradually passed
into each other, is forced to assume that those forms,
which it may be supposed would freely intercross,
should be designated as varieties, whilst those which
have probably lost this capacity for intercrossing should
be called species. As the difference in all these cases
clearly depends on the insects having long fed on per-
fectly distinet plants, intermediate links between the
several forms thus produced cannot be expected to be
found ; though formerly such must have existed, con-
necting the present divergent forms with their common
progenitor. The naturalist thus loses his best guide
in determining whether to rank such doubtful forms as
varieties or species, This likewise necessarily occurs
with closely allied organisms, of doubtful value, which
inhabit separate continents or distant islands. But
when an animal or plant ranges over the same con-
tinent or inhabits many islands in the same archipelago,
and presents different forms in the different areas, there
is always a chance, which is not rarely successful, that
intermediate forms may be discovered which will link
together the extreme states; and these are then de-
graded to the rank of varieties.

Some few naturalists maintain that animals never
present varieties ; but then these same naturalists rank
the slightest difference as of specific value; and when
even the identically same form is met with in two distant
countries, or in two distinct geological formations, they
go so far as to believe that two separate species are
hidden under the same dress. The term species thus
comes to be a mere useless mental abstraction, implying
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and assuming a separate act of creation. It cannot,
however, be disputed that many forms, considered by
highly-competent judges as varieties, have so perfectly
the character of species that they have been ranked by
other highly-competent judges as good and true species.
But to discuss whether such slightly different forms are
rightly called species or varieties, before any definition
of these terms has been generally accepted, is vainly to
beat the air.

Many of the cases of strongly-marked varieties or
doubtful species well deserve consideration ; for several
i ing lines of from phical dis-
tribution, analogical variation, hybridism, &c., have
been brought to bear on the attempt to determine their
rank; but space does not here permit me to discuss
them. Close investigation, in many cases, will bring
naturalists to an agreement how to rank doubtful forms.
Yet it must be confessed that it is in the best known
countries that we find the greatest number of forms of
doubtful value. T have been struck with the fact,
that if any animal or plant in a state of nature be
highly useful to man, or from any cause closely attract
his attention, varieties of it will almost universally be
found recorded. These varieties, moreover, will often
be ranked by some authors as species. Look at the
common oak, how closely it has been studied; yet a
German author makes more than a dozen species out
of forms, which are almost universally considered as
varieties; and in this country the highest botanical
authorities and practical men can be quoted to show
that the sessile and pedunculated oaks are either good
and distinet species or mere varieties.

I may here allude to a remarkable memoir lately
published by A. de Candolle, on the oaks of the whole
world. No one ever had more ample mnwrhl!sh the

D
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discrimination of the species, or could have worked on
them with more zeal and sagacity. He first gives in
detail all the many points of structuré which vary in
the species, and estimates numerically the relative fre-
quency of the variations. He specifies above a dozen
characters which may be found varying even on the
same branch, sometimes according to age or develop-
ment, sometimes without any assignable reason. Such
characters of course are not of specific value, but they
are, as Asa Gray has remarked in commenting on this
memoir, such as generally enter into specific definitions.
De Candolle then goes on to say that he gives the rank
of species to the forms that differ by characters never
varying on the same tree, and never found connected
by intermediate states. After this discussion, the result
of so much labour, he emphatically remarks: “They
are mistaken, who repeat that the greater part of our
species are clearly limited, and that the doubtful species
are in a feeble minority. This seemed to be true, so
long as a genus was imperfectly known, and its species
were founded upon a few specimens, that is to say,
were provisional. Just as we come to know them
better, intermediate forms flow in, and doubts as to
specific limits augment. ” He also adds that it is the
best known species which present the greatest number
varieties and sub-varieties. Thus Quercus

robur has twenty-eight varieties, all of wlnch excepting
nx, are clustared ro\md three mb-epecies, namely, Q.
and The forms

which connect these three uub-spemes are comparatively
rare; and, as Asa Gray remarks, if these connecting
forms, which are now rare, were to become extinet, the
three sub-species would hold exactly the same relation
to each other, as do the four or five provisionally
admitted species which closely surround the typical
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Quercus robur. Finally, De Candolle admits that out
of the 300 species, which will be enumerated in his
Prodromus as belonging to the oak family, at least two-
thirds are provisional species, that is, are not known
strictly to fulfil the definition above given of a true
specics, For it should be added that De Candolle no
longer believes that species are immutable creations,
but concludes that the derivative theory of the succes-
sion of forms is the most natural one, “and the most
accordant with the known facts in palmontology, geogra-
phical botany and zoology, of anatomical structure and
classification ;" but, he adds, direct proof is still wanting.

‘When a young naturalist commences the study of a
group of organisms quite unknown to him, he is at first
much perplexed to determine what differences to con-
sider as specific, and what as varietal; for he knows
nothing of the amount and kind of variation to which
the group is subject ; and this shows, at least, how very
generally there is some variation. But if he confine
his attention to one class within one country, he will
soon make up his mind how to rank most of the doubt-
ful forms. His general tendency will be to make many
species, for he will become impressed, just like the
pigeon or poultry fancier before alluded to, with the
amount of difference in the forms which he is con-
tinually studying ; and he has little general knowledge
of analogical variation in other groups and in other
countries, by which to correct his first impressions. As
he extends the range of his observations, he will meet
with more cases of difficulty; for he will encounter a
greater number of closely-allied forms. But if his
observations be widely extended, he will in the end
generally be enabled to make up his own mind which
10 call varieties and which species; but he will succeed
in this at the expense of admitting wuch variation,—
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and the truth of this admission will often be disputed
by other naturalists. When, moreover, he comes to
study allied forms brought from countries not now con-
tinuous, in which case he cannot hope to find the
intermediate links between his doubtful forms, he will
have to trust almost entirely to analogy, and his diffi-
culties rise to a climax.

Certainly no clear line of demarcation has as yet
been drawn between species and sub-species—that is,
the forms which in the opinion of some naturalists
come very near to, but do not quite arrive at, the rank of
species; or, again, between sub-species and well-marked
varieties, or between lesser varieties and individual dif-
ferences. These differences blend into each other in an
insensible series; and a series impresses the mind with
the idea of an actual

Hence I look at individual differences, though of
small interest to the systematist, as of high importance
for us, as being the first step towards such slight varieties
2 are barely thought worth recording in works on
natural history. And Ilook at varieties which are in
any degree more distinet and permanent, as steps leading
to more strongly marked and more permanent varieties ;
and at these latter, as leading to sub-species, and to
species. The passage from one stage of difference to
another and higher stage may be, in some cases, due
merely to the long-continued action of different physical
conditions in two different regions; but I have not
much faith in this view ; and I attribute the passage of
a variety, from a state in which it differs very slightly
from its parent to one in which it differs more, to the
action of natural selection in accumulating (as will
hereafter be more fully explained) differences of strue=
ture in certain definite directions. Hence I believe a
well-marked variety may be called an incipient species;
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but whether this belief be justifiable must be judged of
by the general weight of the several facts and views
given throughout this work.

It need not be supposed that all varieties or incipient
species necessarily attain the rank of species. They
may whilst in this incipient state become extinet, or
they may endure as varieties for very long periods, as
has been shown to be the case by Mr. Wollaston with
the varieties of certain fossil land-shells in Madeira. If
a variety were to flourish 0 as to exceed in numbers
the parent species, it would then rank as the species,
and the species as the variety; or it might come to
supplant and exterminate the parent species; or both
might co-exist, and both rank as independent species.
But we shall hereafter have to return to this subject.

From these remarks it will be seen that I look at the
term species as one arbitrarily given, for the sake of

, to a set of individuals closely bli
each other, and that it does not essentially differ from
the term variety, which is given to less distinct and more
-fluctuating forms. The term variety, again, in com-
parison with mere individual differences, is also applied
arbitrarily, and for mere convenience’ sake,

Wide-ranging, much-diffused, and common Species vary

most.

Guided by theoretical considerations, I thonght that
some interesting results might be obtained in regard
to the nature and relations of the species which vary
most, by tabulating all the varieties in several well-
worked floras. At first this seemed a simple task; but
Mr. H. C. Watson, to whom I am much indebted for
valuable advice and assistance on this subject, soon
convinced me that there were many difficulties, as did
subsequently Dr. Hooker, even in stronger terms. I
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shall reserve for my future work the discussion of these
difficulties, and the tables tk Ives of the p

numbers of the varying species. Dr. Hooker permits
me to add, that after having carefully read my manu-
seript, and examined the tables, he thinks that the
following statements are fairly well established. The
whole subject, however, treated as it necessarily here is
with much brevity, is rather perplexing, and allusions
cannot - be avoided to the “struggle for existence,”
“di of ch " and other questions, here-
after to be discussed.

Alph. de Candolle and others have shown that plants
which have very wide ranges generally present varieties ;
and this might have been expected, as they become ex-
posed to diverse physical conditions, and as they come
into competition (which, as we shall hereafter see, is
a wore important circumstance) with different sets of
organic beings. But my tables further show that, in
any limited country, the species which are most common,
that is abound most in individuals, and the species
which are most widely diffused within their own country -
(aud this is a different consideration from wide range,
and to a certain extent from commonness), oftenest
give rise to varieties sufficiently well-marked to have
been recorded in botanical works. Hence it is the
most flourishing, or, as they may be called, the domi-
nant species,—those which range widely, are the most
diffused in their own country, and are the most nume-
rous in individuals,—which oftenest produce well-marked
varieties, or, as I consider them, incipient species. And
this, perhaps, might have been anticipated; for, as
varieties, in order to become in any degree permanent,
necessarily have to struggle with the other inhabitants
of the country, the species which are already dominant
will be the most likely to yield offspring, which, though
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in some slight degree modified, still inherit those ad-
vantages that enabled their parents to become dominant
over their compatriots, In these remarks on predomi-
nanee, it should be understood that reference is made
only to those forms which come into competition with
each other, and more especially to the members of the
same genus or class having nearly similar habits of life.
‘With respect to commonness or the number of indivi-
duals of any species, the comparison of course relates
only to the members of the same group. A plant may
be said to be dominant if it be more numerous in
individuals and more widely diffused than the other
plants of the same country, not living under widely dif-
ferent conditions of life. Such a plant is not the less
dominant in the sense here used, because some conferva
inhabiting the water or some parasitic fungus is infi-
nitely more numerous in individuals and more widely
diffused ; if one kind of conferya or parasitie fungus
exceeded its allies in the above respects, it would be a
dominant form within its own class.

Species of the Larger Genera in each Country vary more
frequently than the Species of the Smaller Genera.

If the plants inhabiting a country and described in
any Flora be divided into two equal masses, all those in
the larger genera being placed on one side, and all those
in the smaller genera on the other side, a somewhat
larger number of the very common and much diffused or
dominant species will be found on the side of the larger
genera. This, again, might have been anticipated; for
the mere fact of many species of the same genus in-
habiting any country, shows that there is something in
the organic or inorganic conditions of that country
favourable to the genus; and, consequently, we might
have expected to have found in the larger genera, or
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those including many species, a large proportional num-
ber of dominant species. But so many causes tend to
obscure this result, that T am surprised that my tables
show even a small majority on the side of the larger
geners. 1 'I" here allude to only two causes of

ter and salt-loving plants have
generally very vnrle ranges and are much diffused, but
this seems to be connected with the nature of the sta-
tions inhabited by them, and has little or no relation
to the size of the genera to which the species belong.
Again, plants low in the scale of organisation are gene~
rally much more widely diffused than plants higher in
the seale; and here again there is no close relation to
the size of the genera. The cause of lowly-organised
plants ranging widely will be discussed in our chapter
on Geographical Distribution.

From looking at species as only strongly-marked and
well-defined varieties, I was led to anticipate that the
species of the larger genera in each conntry would oftener
present varieties, than the species of the smaller genera;
for wherever many closely related species (i. e. species of
the same gamu) have been formed, many varieties or
mdyunt species ought, as a general rule, to be now

forming. Where many large trees grow, we expect to
find saplings. Where many species of a genus have
been formed through variation, circumstances have been
favourable for variation; and hence we might expect
that the circumstances would generally be still favour-
able tovariation. On the other hand, if we look at each
species as a special act of creation, there is no apparent
reason why more varieties should occur in a group
having many species, than in one having few.

To test the truth of this anticipation I have arranged
the plants of twelve countries, and the coleopterous
insects of two distriets, into two nearly equal masses, the
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species of the larger genera on one side, and those of the
smaller genera on the other side, and it has invariably
proved to be the case that a larger proportion of the
species on the side of the larger genera present varieties,
than on the side of the smaller genera. Moreover, the
species of the large genera which present any varieties,
invariably present a larger average number of varieties
than do the species of the small genern. Both these
results follow when another division is made, and when
all the least genera, with from only one to four spe-
cies, are absolutely excluded from the tables. These
facts are of plain signification on the view that species
are only strongly-marked and permanent varieties ; for
wherever many species of the same genus have been
formed, or whem, if we may use the expression, the
manufactory of species has been active, we ought gene-
rally to find the manufactory still in action, more espe-
cially as we have every reason to believe the process of
manufacturing new species to be a slow one. And this
certainly is the case, if yarieties be looked at as inci-
pient species ; for my tables clearly show as a general
rule that, wherever many species of a genus have been
formed, the species of that genus present a number of
varieties, that is of incipient species, beyond the average.
It is not that all large genera are now varying much,
and are thus increasing in the number of their species,
or that no small genera are now varying and increasing ;
for if this had been so, it would have been fatal to my
theory ; inasmuch as geology plainly tells us that small
genera have in the lapse of time often increased greatly
in size; and that large genera have often come to their
maxima, declined, and disappeared. All that we want
to show is, that, where many species of a genus have
been formed, on an average many are still forming;
and this certainly holds good.
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Many of the Species of the Larger Genera resemble Varieties
in being very closely, but unequally, related to each other,
and in having restricted ranges.

There are other relations between the species of large
genera and their recorded varieties which deserve notice.
We have seen that there is no infallible eriterion by
which to distinguish species and well-marked varieties ;
and in those cases in which intermediate links have
not been found between doubtful forms, naturalists are
compelled to come to a determination by the amount of
difference between them, judging by analogy whether
or not the amount suffices to raise one or both to the
rank of species. Hence the amount of difference is one
very important criterion in settling whether two forms
should be ranked as species or varieties. Now Fries
has remarked in regard to plants, and Westwood in
regard to insects, that in lm'ge genera the amount of
difference between the species is often exceedingly small.
1 have end d to test this ically by averages,
and, as far as my imperfect results go, they confirm the
view. T have also consulted some sagacious and expe-
rienced observers, and, after deliberation, they concur
in this view. In this respect, therefore, the species of
the larger genera, resemble varicties, more than do the
species of the smaller genera. Or the case may be
put in another way, and it may be said, that in the
larger genera, in which a number of varieties or inci-
pient species greater than the average are now manu-
facturing, many of the species already manufactured
still to a certain extent resemble varieties, for they
differ from each other by a less than the usual amount
of difference.

Moreover, the species of the large genera are related
to each other, in the same manner as the varieties of
any one species are related to each other. No natu-
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ralist pretends that all the species of a genus are equally
distinet from each other; they may generally be divided
into sub-gendra, or sections, or lesser groups. As Fries
has well remarked, little groups of species are generally
clustered like satellites around certain other species.
And what are varieties but groups of forms, unequally
related to each other, and clustered round certain forms
—that is, round their parent-species? Undoubtedly
there is one most important point of difference between
varieties and species ; namely, that the amount of dif-
ference between varieties, when compared with each
other or with their parent-species, is much less than
that between the species of the same genus. But when
we come to discuss the principle, as I call it, of Diver-
gence of Character, we shall see how this may be
explained, and how the lesser differences between va-
rieties tend to increase into the greater differences
between species.

There is one other point which is worth notice.
Varieties gunernlly have much restricted ranges: thi
statement is indeed scarcely more than a truism, for, if
a variety were found to have a wider range than that of
its supposed parent-species, their denominations would
be reversed. But there is also reason to believe that
those species which are very closely allied to other
species, and in so far resemble varieties, often have
much restricted ranges. For instance, Mr. H. C. Watson
has marked for me in the well-sifted London Catalogue
of plants (4th edition) 63 plants which are therein
ranked as species, but which he considers as so closely
allied to other species as to be of doubtful value: these
63 reputed species range on an average over 6 of the
provinces into which Mr. Watson has divided Great
Britain. Now, in this same catalogue, 53 acknowledged
varieties are recorded, and these range over 77 pro-
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vinces; whereas, the species to which these varieties
belong range over 143 provinces. So that the acknow-
ledged varieties have very nearly the sarhe restricted
average range, as have those very closely allied forms,
marked for me by Mr. Watson as doubtful species, but
which are almost universally ranked by British botanists
as good and true species.

Summary.

Finally, then, varieties cannot be distinguished from
species,—except, firstly, by the discovery of intermediate
forms linking them together, and the occurrence of such
links does not affect the character of the forms which
they connect ; and except, secondly, by a certain amount
of difference, for two forms, if differing very little, are
generally ranked as varieties, notwithstanding that in-
termediate linking forms have not been discovered ; but
the amount of difference considered necessary to give
to two forms the rank of species is quite indefinite. In
genera having more than the average number of species
in any country, the species of these genera have more
than the average number of varieties. In large genera
the species are apt to be closely, but unequally, allied
wgether, forming little clusters round certain other

species.  Species very closely allied to other species
nppmnﬂy have restricted ranges. In all these several
respects the species of large genera present a strong
analogy with varieties. And we can clearly understand
these analogies, if species have once existed as varieties,
and have thus originated ; whereas, these analogies are
utterly inexplicable if each species has been inde-
pendently created.

‘We have, also, seen that it is the most flourishing or
dominant species of the larger genera within each class
which on an average yield the greatest number of va~
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rieties; and varieties, as we shall hereafter sce, tend to
‘become converted into new and distinct species. Thus
the larger genera tend to become larger; and through-
out nature the forms of life which are now dominant
tend to become still more dominant by leaving many
- modified and dominant descendants. But by steps here-
after to be explained, the larger genera also tend to
1 up into smaller genera. And thus, the forms of
life throughout the universe become divided into groups
subordinate to groups.
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CHAPTER IIL

StrveeLE ror EXISTENCE.

Tts bearing on natural selection—The term nsed in a wide senso—
Geometrical ratio of increase— Rapid inerease of naturalised
animals and plants—Nature of the checks to increase—Com-
‘petition universal — Effects of climate— Protection from the
‘number of individuals—Complex relations of all animals and
plants throughont nature—Struggle for life most severe between
individuals and varicties of the same species: often severe be-
tween species of the same genus—The relation of organism to
organism the most important of all relations.

Berore entering on the subject of this chapter, T must
make a few preliminary remarks, to show how the
struggle for existence bears on Natural Selection. It
has been seen in the last chapter that amongst organic
beings in a state of nature there is some individual vari-
ability : indeed T am not aware that this has ever been

uted. It is immaterial for us whether a multitude
of doubtful forms be called species or sub-species or vari-
eties ; what rank, for instance, the two or three hundred
doubtful forms of British plants are entitled to hold, if
the existence of any well-marked varieties be admitted.
But the mere existence of individual variability and of
some few well-marked varieties, though necessary as
the foundation for the work, helps us but little in un-
derstanding how species arise in nature. How have all
those exquisite adaptations of one part of the organisa-
tion to another part, and to the conditions of life, and
of one organic being to another being, been perfected ?
We see these beautiful co-adaptations most plainly in
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the woodpecker and the mistletoe; and only a little less
plainly in the humblest parasite which cl.ing' to the
‘hairs of a quadruped or feathers of a bird ; in the struc-
ture of the beetle which dives through the water; in the
plumed seed which is wafted by the gentlest breeze ; in
short, we see beautiful adaptations everywhere and in
every part of the organic world.
Again, it may be asked, how isit that varieties, which
I have called incipient species, become ultimately con-
verted into good and distinet species, which in most
cases obviously differ from each other far more than do
the varieties of the same species ? How do those groups
of species, which constitute what are called distinct
genera, and which differ from each other more than do
the species of the same genus, arise? All these results,
us we shall more fully see in the next chapter, follow
rom the struggle for life. Owing to this struggle for
any variation, however slight, and from whatever
pmceedmg, if it be in any degree profitable to an
vidual of any species, in its infinitely complex rela-
us to other organic beings and to its physical condi-
of life, will tend to the preservation of that indi-
, and will generally be inherited by its offspring.
aﬂ!prmg, also, will thus have a better chance of
L ing, for, of the many individuals of any species
which are periodically born, but a small number can
ive, 1 have called this principle, by which each
variation, if useful, is preserved, by the term
Selection, in order to mark its relation to man’s
of selection. We have seen that man by selec-
can certainly produce great results, and can adapt
ings to his own uses, through the accumula-
slight but useful variations, given to him by the
of Nature. But Natural Selection, as we shall
er see, is a power incessantly ready for action,
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and is as immeasurably superior to man’s feeble efforts,
as the works of Nature are to those of Art.

‘We will now discuss in a little more detail the struggle
for existence. In my future work this subject will be
treated, as it well deserves, at much greater length.
The elder De Candolle and Lyell have largely and phi-
losophically shown that all organic beings are exposed
to severe competition. In regard to plants, no one has
treated this subject with more spirit and ability than
W. Herbert, Dean of Manchester, evidently the result
of his great horticultural knowledge. Nothing is easier
than to admit in words the truth of the universal
struggle for life, or more difficult—at least I have found
it so—than constantly to bear this conclusion in mind.
Yet unless it be thoroughly engrained in the mind, the
whole economy of nature, with every fact on distribu-
tion, rarity, abundance, extinction, and variation, will
be dimly seen or quite misunderstood. We behold the
face of nature bright with gladness, we often see super-
abundance of food ; we do not see, or we forget, that the
birds which are idly singing round us mostly live on
insects or seeds, and are thus constantly destroying life ;
or we forget how largely these songsters, or their eggs,
or their nestlings, are destroyed by birds and beasts of
prey ; we do not always bear in mind, that, though food
may be now superabundant, it is not so at all seasons of
each recurring year.

_ The Term, Struggle for Euistence, used in a large sense.

i slmu]d premxse that I use thls term in a large and
of one being
on another, and including (which is more important)
not only the life of the individual, but success in leaving
progeny. Two canine animals, in a time of dearth,
may be truly said to struggle with each other which
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shall get food and live. But a plant on the edge of a
desert is said to struggle for life against the drought,
though more properly it should be said to be dependent
on the moisture, A plant which annually produces a
thousand seeds, of which on an average only one comes
to maturity, may be more truly said to struggle with
the plants of the same and other kinds which already
clothe the ground. The mistletoe is dependent on the
apple and a few other trees, but can only in a far-
fetched sense be said to struggle with these trees, for, if
00 many of these parasites grow on the same tree, it
will languish and die.  But several seedling mistletoes,
growing close together on the same branch, may more
truly be said to struggle with each other. As the
mistletoe is disseminated by birds, its existence depends
on birds ; and it may metaphorically be said to struggle
th other fruit-bearing plants, in order to tempt birds
devour and thus disseminate its seeds rather than
e of other plants.. In these several senses, which
into each other, I use for convenience’ sake the
eral term of struggle for existence.
Geometrical. Ratio of Inerease.
struggle for existence inevitably follows from the
h rate at which all organic beings tend to increase,
being, which during its natural lifetime produces
eggs or seeds, must suffer destruction during some
L of its life, and during some season or occasional
ir, otherwise, on the principle of geometrical increase,
ers would quickly become so inordinately great
no country could suppert the product. Hence, as
individuals are produced than can possibly sur-
there must in every case be a struggle for exist-
either one individual with another of the same
or with the individuals of distinet species, or
E
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with the physical conditions of life. It is the doetrine
of Malthus applied with manifold force to the whole
animal and vegetable kingdoms; for in this case there
can be no artificial increase of food, and no prudential
restraint from marriage. Although some species may
be now increasing, more or less rapidly, in numbers, all
cannot do so, for the world would not hold them.

There is no exception to the rule that every organie
being naturally increases at so high a rate, that, if not
destroyed, the earth would soon be covered by the progeny
of a single pair. Even slow-breeding man has doubled
in twenty-five years, and at this rate, in a few thousand
years, there would literally not be standing-room for his
progeny. Linnweus has calculated that if an annual
plant produced only two seeds—and there is no plant
nearly so uny as thi; d their seedlings next
year produced two, and so on, then in twenty years
there would be a million plants. The elephant is
reckoned the slowest breeder of all known animals, and
1 have taken some pains to estimate its probable mini-
mum rate of natural inerease : it will be under the mark
to assume that it begins breeding when thirty years old,
and goes on breeding till ninety years old, bringing
forth three pair of young in this interval; if this be so,
at the end of the fifth century there would be alive
fifteen million elephants, descended from the first pair.

But we hlve bener evndnnce on this subject th
mere th i namely, the
recorded cases of the astonishingly rapid increase
various animals in a state of nature, when circum:
have been favourable to them during two or three fc
lowing seasons.  Still more striking is the evidence
our domestic animals of many kinds which have
wild in several parts of the world : if the statements
the rate of increase of slow-breeding cattle and
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in South America, and latterly in Australia, had not
been well authenticated, they would have been incre-
dible. So it is with plants: cases could be given of
introduced plants which have become common through-
out whole islands in a period of less than ten years.
Several of the plants, such as the cardoon, and a tall
 thistlé, now most numerous over the wide plains of La
Plata, clothing square leagues of surface almost to the
exclusion of all other plants, have been introduced from
Europe; and there are plants which now range in India,
‘a8 I hear from Dr. Falconer, from Cape Comorin to
the Himalaya, which have been imported from America
since its discovery. In such cases, and endless instances
could be given, no one supposes that the fertility of
ese animals or plants has been suddenly and tempo-
rily increased in any sensible degree. The obvious
nation is that the conditions of life have been very
avourable, and that there has consequently been less
truction of the old and young, and that nearly all the
have been enabled to breed. In such cases the
trical ratio of increase, the result of which never
o be surprising, simply explains the extraordinarily
d increase and wide diffusion of naturalised produc-

in their new homes.
a state of nature almost every plant produces seed,
amongst animals there are very few which do not
lly pair. Hence we may confidently assert, that
nts and animals are tending to increase at a geo-
ratio,—that all would most rapidly stock every
on in which they could any how exist,—and that the
tendency to increase must be checked by
ction at some period of life. Our familiarity with
r domestic animals tends, I think, to mislead
see no great destruction falling on them, and we
iat thousands are annually slaughtered for food,

E2
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and that in a state of nature an equal number would
have somehow to be disposed of.

The only difference between organisms which annually
produce eggs or seeds by the thousand, and those which
produce extremely few, is, that the slow-breeders would
require a few more years to people, under favourable
conditions, a whole distriet, let it be ever so large. The
condor lays a couple of eggs and the ostrich a score, and
yet in the same country the condor may be the more

9 [ pumerous of the two: the Fulmar petrel lays but one
: | egg, yet it is believed to be the most numerous bird in
| the world. One fly deposits hundreds of eggs, and an-
other, like the hippobosca, a single one; but this differ-
ence does not determine how many individuals of the
two species can be supported in a district. A large
number of eggs is of some importance to those species
which depend on a rapidly fluctuating amount of food,
for it allows them rapidly to increase in number. But
the real importance of a large number of eggs or seeds
is to make up for much destruction at some period of
life; and this period in the great majority of cases is an
early one. If an animal can in any way protect its own
eggs or young, a small number may be produced, and
yet the average stock be fully kept up; but if many
eggs or young are destroyed, many must be produced,
or the species will become extinet. It would suffice to
keep up the full number of a tree, which lived on an
average for a thousand years, if a single seed were pro-
duced onee in a thousand years, supposing that this seed
were never destroyed, and could be ensured to germi-
nate in a fitting place. So that, in all cases, the average
number of any animal or plant depends only indirectly
on the number of its eggs or seeds.
In looking at Nature, it is most necessary to keep
the f i iderations always in mind

going
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forget that every single organic being around us may
‘be said to be striving to the utmost to increase in num-
bers; that each lives by a struggle at some period of
its life; that heavy destruction inevitably falls either
on the young or old, during each generation or at
recurrent intervals, Lighten any check, mitigate the
destruction ever so little, and the number of the species
will almost instantaneously increase to any amount.

Nature of the Checks to Increase.

The causes which check the natural tendency of each
‘species to increase are most obseure. Look at the
most vigorous species; by as much as it swarms in
mumbers, by so much will its tendency to increase be
still further increased. We know not exactly what the
‘checks are in even one single instance. Nor will this
surprise any one who reflects how ignorant we are on
head, even in regard to mankind, so incomparably
r known than any other animal. This subject has
ably treated by several authors, and T shall, in my
e work, discuss some of the checks at considerable
h, more especially in regard to the feral animals of
h America. Here T will make ouly a few remarks,
to recall to the reader’s mind some of the chief
s. Bggs or very young animals seem generally to
er most, but this is not invariably the case. With
there is a vast destruction of seeds, but, from
observations which I have made, I believe that it
the seedlings which suffer most from germinating
ground already thickly stocked with other plants.

lings, also, are destroyed in vast numbers by various
for instance, on a piece of ground three feet
and two wide, dug and cleared, and where there
be no choking from other plants, I marked all the
gs of our native weeds as they came up, and out
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of the 357 no less than 295 were destroyed, chiefly by
slugs and insects. If turf which has long been mown,
and the case would be the same with turf closely browsed
by quadrupeds, be let to grow, the more vigorous plants
gradually kill the less vigorous, though fully grown
plants: thus out of twenty species growing on a little
plotofwrf(thmﬁsetbyfm)mnelpwm perished
from the other species being allowed to grow up freely.

The amount of food for each species of course gives
the extreme limit to which each can increase ; but very
frequently it is not the obtaining food, but the serving
as prey to other animals, which determines the average
numbers of a species. Thus, there seems to be little
doubt that the stock of partridges, grouse, and hares on
any large estate depends chiefly on the destruction of
vermin. If not one head of game were shot during the
next twenty years in England, and, at the same time,
if no vermin were destroyed, there would, in all proba-
bility, be less game than at present, although hundreds
of thousands of geme animals are now annually killed.
On the other hand, in some cases, as with the elephant,
none are destroyed by beasts of prey ; for even the tiger
in India most rarely dares to attack a young elephant
protected by its dam.

Climate plays an nnportaut part in determining the
average numbers of a species, and periodical seasons of
extreme cold or drought seem to be the most effective
of all checks. I estimated (chiefly from the greatly
reduced numbers of nests in the spring) that the winter
of 1854-55 destroyed four-fifths of the birds in my own
grounds; and this is a tremendous destruction, when we
remember that ten per cent. is an extraordinarily severe
mortality from epidemics with man. The action of cli-
mate seems at first sight to be quite independent of the
struggle for existence; but in so far as climate chiefly
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acts in reducing food, it brings on the most severe
struggle between the individuals, whether of the same
or of distinet species, which subsist on the same kind
of food. Even when climate, for instance extreme cold,
acts directly, it will be the least vigorous, or those which
have got least food through the advancing winter, which
will suffer most. When we travel from south to north,
or from a damp region to a dry, we invariably see some
species gradually getting rarer and rarer, and finally
disappearing ; and the change of climate being con-
spicuous, we are tempted to attribute the whole effect
10 its direct action. But this is a false view: we forget
that each species, even where it most abounds, is con-
stantly suffering enormous destruction at some period
of its life, from enemies or from competitors for the
same place and food ; and if these enemies or com-
be in the least degree favoured by any slight
w of climate, they will ingrease in numbers, and,
88 each area is already fully stocked with inhabitants,
he other species will decrease. 'When we travel south-
ward and see a species decreasing in numbers, we may
¢l sure that the cause lies quite as much in other
s being favoured, as in this one being hurt. So it
‘when we travel northward, but in a somewhat lesser
e, for the number of species of all kinds, and
e of oumpemnrs, decreases nort.hwnrd.s hence
d, or in in, we far
or meet with stunted forms, dne to the directly
action of climate, than we do in proceeding
wards or in descending a mountain. When we
the Arctic regions, or snow-capped summits, or
deserts, the struggle for life is almost exclu-
with the elements,
it climate acts in main part indirectly by favour-
r species, we may clearly see in the prodigious
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number of plants in our gardens which can perfectly
well endure our climate, but which never become natu-
ralised, for they cannot compete with our native plants
nor resist destruction by our native animals.

When a species, owing to highly favourable circum-
stances, increases inordinately in numbers in a small
tract, epidemics—at least, this seems generally to occur
with our game animals—often ensue: and here we have
a limiting check independent of the struggle for life.
But even some of these so-called epidemics appear to
be due to parasitic worms, which have from some cause,
possibly in part through facility of diffusion amongst
the crowded animals, been disproportionally favoured :
and here comes in a sort of struggle between the para-
site and its prey.

On the other hand, in many cases, a large stock of
individuals of the same species, relatively to the num-
bers of its enemies, is absolutely necessary for its
preservation. Thus we can easily raise plenty of corn
and rape-seed, &c., in our fields, because the sceds are
in great excess compared with the number of birds
which feed on them; nor can the birds, though having
a superabundance of food at this one season, increase in
number proportionally to the supply of seed, as their
numbers are checked during winter: but any one who
has tried, knows how troublesome it is to get seed from
a few wheat or other such plants in a garden: I have
in this case lost every single seed. This view of the
necessity of a large stock of the same species for its
preservation, explains, I believe, some singular facts in
nature, such as that of very rare plants being sometimes
extremely abundant in the few spots where they do
oceur; and that of some social plants being social,
that is, abounding in individuals, even on the extreme.
confines of their range. For in such cases, we may
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believe, that a plant could exist only where the condi-
tions of its life were so favourable that many could exist
together, and thus save the species from utter destrue-
tion. I should add that the good effects of frequent
intercrossing, and the ill effects of close interbreeding,
probably come into play in some of these cases; but on
this intricate subject I will not here enlarge.

Complex Relations of all Animals and Plants to each

other in the Struggle for Existence.

Many cases are on record showing how complex and
unexpected are the checks and relations between or-
ganic beings, which have to struggle together in the
same country. I will give only a single instance, which,
though a simple one, has interested me. In Stafford-
shire, on the estate of a relation, where I had ample
means of investigation, there was a large and extremely
barren heath, which had never been touched by the
hand of man; but several hundred acres of exactly
the same nature had been enclosed twenty-five years
 previously and planted with Scoteh fir. The change in
the native vegetation of the planted part of the heath
- was most kable, more than is g Ily seen in
ing from one quite different soil to another: not
only the proportional numbers of the heath-plants
were wholly changed, but twelve species of plants (not
. counting grasses and carices) flourished in the planta-
tions, which could not be found on the heath. The
effect on the insects must have been still greater, for
six insectivorous birds were very common in the plan-
tations, which were not to be seen on the heath; and

he heath was frequented by two or three distinet in-
secti birds. Here we see how potent has been

e effect of the introduction of a single tree, nothing
atever else having been done, with the exception

E 3
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that the land had been enclosed, so that cattle could
not enter. But how important an element enclosure
is, I plainly saw near Farnham, in Surrey. Here there
are extensive heaths, with a few clumps of old Scotch
firs on the distant hill-tops: within the last ten years
large spaces have been enclosed, and self-sown firs are
now springing up in multitudes, so close together that
all cannot live. When I ascertained that these young
trees had not been sown or planted, I was so much
surprised at their numbers that I went to several points
of view, whence T could examine hundreds of acres of
the unenclosed heath, and literally I could not see a
single Scotch fir, except the old planted clumps. But
on looking closely between the stems of the heath, I
found a multitude of seedlings and little trecs, which
had been perpetually browsed down by the cattle. In
one square yard, at a point some hundred yards distant
from one of the old clumps, I counted thirty-two little
trees; and one of them, with twenty-six rings of
growth, had during many years tried to raise its head
above the stems of the heath, and had failed. No
wonder that, as soon as the land was enclosed, it be-
came thickly clothed with vigorously growing young
firs. Yet the heath was so extremely barren and so
extensive that no one would ever have imagined that
cattle would have so closely and effectually searched it
for food.

Here we see that cattle absolutely determine the
existence of the Scotch fir; but in several parts of the .
world insects determine the existence of cattle. Perhaps
Paraguay offers the most curious instance of this; for
here neither cattle nor horses nor dogs have ever run
wild, though they swarm southward and northward in a
feral state; and Azara and Rengger have shown that
this is caused by the greater number in Paraguay of a
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certain fly, which lays its eggs in the navels of these
animals when first born. The increase of these flies,
numerous as they are, must be habitually checked by
some means, probably by other parasitic insects. Hence,
if certain insectivorous birds were to decrease in Para-
guay, the parasitic insects would probably increase ; and
this would lessen the number of the navel-frequenting
flies—then cattle and horses would become feral, and
this would certainly greatly alter (as indeed T have
observed in parts of South America) the vegetation:
this again would largely affect the insects; and this, as
we have just seen in Staffordshire, the insectivorous
birds, and so onwards in ever-increasing circles of com-
plexity. We began this series by insectivorous birds,
and we have ended with them. Not that in nature the
relutions can ever be as simple as this, Battle within
Dattle must ever be recurring with varying success;
m& in the long-run the forces are so nicely ba-
i that the face of nature remains uniform for
long periods of time, though assuredly the merest trifle
‘would often give the victory to one organic being over
. Nevertheless, so profound is our ignorance,
and so high our presumption, that we marvel when we
ir of the extinction of an organic being; and as we
not see the cause, we invoke cataclysms to desolate
world, or invent laws on the duration of the forms
of life !
1 am tempted to give one more instance showing how
s and animals, most remote in the scale of nature,
 bound together by a web of complex relations. I
hereafter have occasion to show that the exotic
fulgens, in this part of England, is never visited
insects, and consequently, from its peculiar structure,
can set a seed. Nearly all our orchidaceous plants
ely require the visits of insects to remove their
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pollen-masses and thus to fertilise them. I find from
experiments that humble-bees are almost indispensable
to the fertilisation of the heartsease (Viola tricolor), for
other bees do not visit this flower. I have also found
that the visits of bees are necessary for the fertilisation
of some kinds of clover: for instance, 20 heads of
Duteh clover (Trifolium repens) yielded 2,290 seeds,
but 20 other heads protected from bees produced not
one. Again, 100 heads of red ‘clover (1. pratense) pro-
duced 2,700 seeds, but the same number of protected
heads produced not a single seed. Humble-bees alone
visit red clover, as other bees cannot reach the nectar.
1t has been suggested that moths may serve to fertilise
the clovers; but I doubt this in the case of the red
elover, from their weight being apparently not sufficient
to depress the wing-petals. Hence we may infer as
highly probable that, if the whole genus of humble-bees
became extinet or very rare in England, the heartsease
and red clover would become very rare, or wholly dis-
appear. The number of humble-bees in any district
depends in a great degree on the number of field-mice,
which destroy their combs and nests; and Col. New-
man, who has long attended to the habits of humble-
bees, believes that “more than two-thirds of them are
thus destroyed all over England.” Now the number of
mice is largely dependent, as every one knows, on the
number of cats; and Col. Newman says, “ Near villages
and small towns I have found the nests of humble-bees
more numerons than elsewhere, which I attribute to the
number of cats that destroy the mice.” Hence it is quite
credible that the presence of a feline animal in large
numbers in a district might determine, through the
intervention first of mice and then of bees, the frequency
of certain flowers in that district!

In the case of every species, many different checks,
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acting at different periods of life, and during different
seasons or years, probably come into play; some one
check or some few being generally the most potent, but
all concur in determining the average number or even
the existence of the species. In some cases it can be
shown that widely-different checks act on the same
in different districts, When we look at the
uts and bushes clothing an entangled bank, we are
tempted to attribute their proportional numbers and
kinds to what we call chance. But how false a view
isthis! Every one has heard that when an American
forest is cut down, a very different vegetation springs
‘up; but it has been observed that ancient Indian ruins
in the Southern United States, which must formerly
~ liave been cleared of trees, now display the same beauti-
ful diversity and proportion of kinds as in the surround-
ing virgin forests. What a struggle between the several
5 Hndn of trees must here have gone on during long cen-

prey—all striving to increase, and all feeding on each
r, or on the trees, their seeds and seedlings, or on
other plants which first clothed the ground and thus
ed the growth of the trees! Throw up a handful
feathers, aud all must fall to the ground according to
te laws; but how simple is the problem where
h shall fall compared to that of the action and re-
of the innuwerable plants and animals which
determined, in the course of centuries, the propor-
numbers and kinds of trees now growing on the
d Indian ruins!
The dependency of one organic being on another, as
of & parasite on its prey, lies generally between beings
ote in the scale of nature. This is often the case
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with those which may strictly be said to struggle with
each other for existence, as in the case of locusts and
grass-feeding quadrupeds. But the mnggle almost in-
variably will be most severe between the individuals of
the same species, for they frequent the same districts,
require the same food, and are exposed to the same
dangers. In the case of varieties of the same species,
the struggle will generally be almost equally severe,
and we sometimes see the contest soon decided: for
instance, if several varicties of wheat be sown together,
and the mixed seed be resown, some of the varieties
which best suit the soil or climate, or are naturally the
most fertile, will beat the others and so yield more
seed, and will consequently in a few years quite sup-
plant the other varieties, To keep up a mixed stock
of even such extremely close varieties as the variously
coloured sweet-peas, they must be each year harvested
separately, and the seed then mixed in due proportion,
otherwise the weaker kinds will steadily decrease in
number and disappear. So aguin with the varieties
of sheep: it has been asserted that certain mountain-
varieties will starve out other mountain-varieties, so
that they cannot be kept together. The same result
has followed from keeping together different varieties
of the medicinal leech. It may even be doubted whe-
ther the varieties of any one of our domestic. plants or
animals have so exactly the same strength, habits, and
constitution, that the original proportions of a mixed
stock could be kept up for half-a-dozen generations, if
they were allowed to struggle together, like beings in
a state of nature, and if \‘.he seed or young were not
annually sorted.
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Struggle for Life most severe between Individuals and
 Varieties of the same Species.

As species of the same genus have usually, though
byno means invariably, much similarity in habits and
ion, and always in structure, the struggle will
generally be more severe between species of the same
genus, when they come into competition with each other,
than between species of distinet genera. We see this in
recent extension over parts of the United States of
one species of swallow having caused the decrease of an-
‘other species. The recent increasé of the missel-thrush
in parts of Scotland has caused the decrease of the
song-thrush. How frequently we hear of one species of
rat taking the place of another species under the most
ent climates! In Russia the small Asiatic cock-
ch has everywhere driven before it its great eongener.
Australia the imported hive-bee is rapidly extermi-
ting the small, stingless native bee. One species of
wlock has been known to supplant another species ;
50 in other cases. We can dimly see why the com-
on should be most severe between allied forms,
h fill nearly the same place in the economy of
5 but probably in no one case could we precisely
hy one species has been victorious over another in

 great battle of life.
A corollary of the highest importance may be dedueed
the foregoing remarks, namely, that the structure
f every organic being is related, in the most essential
it often hidden manner, to that of all other organic
zs, with which it comes into competition for food or
e, or from which it has to escape, or on which it
‘This is obvious in the structure of the teeth and
s of the tiger; and in that of the legs and claws of
which clings to the hair on the tiger's body.
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But in the beautifully plumed seed of the dandelion,
and in the flattened and fringed legs of the water-beetle,
the relation seems at first confined to the elements of
air and water. Yet the advantage of plumed seeds no
doubt stands in the closest relation to the land being
already thickly clothed with other plants; so that the
seeds may be widely distributed and fall on unoc-
cupied ground. In the water-beetle, the structure of
its legs, so well adapted for diving, allows it to compete
with other aquatic insects, to hunt for its own prey, and
to escape serving as prey to other animals,

The store of nutriment laid up within the seeds of
many plants seems at first sight to have no sort of
relation to other plants. But from the strong growth
of young plants produced from such seeds (as peas and
beans), when sown in the midst of long grass, it may be
suspected that the chief use of the nutriment in the
seed is to favour the growth of the young seedling,
whilst struggling with other plants growing vigorously
all around.

Look at a plant in the midst of its range, why does
it not double or quadruple its numbers? We know
that it can perfectly well withstand a little more heat
or cold, dampness or dryness, for elsewhere it ranges
into slightly hotter or colder, damper or drier districts.
In this case we can clearly see that if we wished in
imagination to give the plant the power of increasing
in number, we should have to give it some advantage
over its competitors, or over the animals which preyed
on it. On the confines of its geographical range, a
change of constitution with respect to climate would
clearly be an advantage to our plant ; but we have reason
to believe that only a few plants or animals range so
far, that they are destroyed by the rigour of the climate
alone. Not until we reach the extreme confines of life,
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in the Arctic regions or on the borders of an utter desert,
will competition cease. The land may be extremely
cold or dry, yet there will be competition between some
few species, or between the individuals of the same
species, for the warmest or dampest spots.

Hence, also, we can see that when a plant or animal
is placed in a new country amongst new compehhm,
though the climate may be exactly the same as in its
former home, yet the conditions of its life will generally
be in an essential manner. If we wished to
 increase its average numbers in its new home, we should
have to modify it in a different way to what we should
have to do in its native country; for we should have to
give it some advantage over a different set of com-
petitors or enemies.

It is good thus to try in our imagination to give any
form some advantage over another. Probably in no
single instance should we know what to do, o as to
succeed. It will convinee us of our ignorance on the
mutual relations of all organic beings; a conviction as
necessary, as it seems difficult to acquire. All that we
can do, is to keepntendllym mind that each organie
is striving to increase in a geometrical ratio ; that
each at some period of its life, during some season of
the year, during each generation or at intervals, has to

o for life, and to suffer great destruction. When
we reflect on this struggle, we may console ourselves
Hﬁﬁufull belief, that the war of nature is not in-
that no fear is felt, that death is gemerally
and that the vigorous, the healthy, and the
survive and multiply.
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CHAPTER IV.

Narurar Seueerios.

Natural Selection—its power compared with man's selection—its
power on characters of trifling importance—its power at all ages
and on both sexes—Sexual Selection—On the generality of
intercrosses between individuals of the sumo species—Ciroum=
stances favourable and unfavourable to Natural Selection, namely,
intercrossing, isolation, number of individuals—Slow sction—
Extinction caused by Natural Selection—Divergence of Cha-
macter related to the diversity of inhabitants of any small area,
and to naturalisation—Action of Natural Selection, through
Divergence of Character and Extinction, on the descendants from
a common parent—Explains the Grouping of all organio beings
— Advance in organisation—Low forms preserved—Objections

sdered —Indefini rlication o sheiteb-S Y.

How will the struggle for existence, discussed too briefly

in the last chapter, act in regard to variation? Can

the principle of selection, which we have seen is so
potent in the hands of man, apply in nature? I think
we shall see that it can act most effectually. Let it be
borna in mmd in what an endless number of strange

our domestic productions, and, in a lesser
degree, those under nature, vary; and how strong the
hereditary tendency is. Under domestication, it may be
truly said that the whole organisation becomes in some
degree plastic. But the variability, which we almost
universally meet with in our domestic produetions, is
not directly produced, as Hooker and Asa Gray have
well remarked, by man; he can neither originate va~
rieties, nor prevent their occurrence; he can only pre-
serve and accumulate such as do occur ; unintentionally
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e exposes organic beings to new and changing condi-
tions of life, and variability ensues; but similar changes
of conditions might and do occur under nature. Let it
also be borne in mind how infinitely complex and close-
fitting are the mutual relations of all organie beings to
~ each other and to their physical conditions of life ; aid
- consequently what infinitely varied diversities of struc-

Can it, then, be thought improbable,
seeing that variations useful to man have undoubtedly
~ occurred, that other variations useful’ in some way to
each being in the great and complex battle of life,
should sometimes occur in the course of thousands of
tions?  If such do oceur, can we doubt (remem-

bering that many more individuals are born than can
possibly survive) that individuals having any advan-
however slight, over others, would have the best
e of surviving and of procreating their kind ?
the other hand, we may feel sure that any varia-
n in the least degree injurious would be rigidly
troyed. This preservation of favourable variations,
d the rejection of injurious variations, I call Natural
ction. Variations neither useful nor injurious wounld
0t be affected by natural selection, and would be left
Mluctuating element, as perhaps we see in the species
lled polymorphie. &
~ Several writers have misapprehended or objected to
term Natural Selection. Some have even imagined
it natural selection induces variability, whereas it
only the preservation of such variations as occur
and are beneficial to the being under its conditions of
> No one objects to agriculturists speaking of the
effects of man’s selection; and in this case the
differences given by nature, which man for
e object selects, must of necessity first occur. Others

© The Complete Work of Charles Darwirn Online



92 NATURAL SELECTION. Cruap. IV.

have objected that the term selection implies conscious
choice in the animals which become modified ; and it
has even been urged that, as plants have no volition,
natural selection is not applicable to them! In the
literal sense of the word, no doubt, natural selection is a
miisnomer; but who ever objected to chemists speaking
of the elective affinities of the various elements >—and
yet an acid cannot strictly be said to elect the base with
which it will in preference combine. It has been said
that I speak of natural selection as an active power or
Deity ; but who objects to an author speaking of the
attraction of gravity as ruling the movements of the
planets? Every one knows what is meant and is im-~
plied by such metaphorical expressions; and they are
almost necessary for brevity. So again it is difficult
to avoid personifying the word Nature; but T mean by
Nature, only the aggregate action and product of many
natural laws, and by laws the sequence of events as
ascertained by us. ‘With a little familiarity such super-
ficial objections will be forgotten.

We shall best understand the probable course of
natural selection by taking the case of a country under-
going some slight physical change, for instance, of
climate, The proportional numbers of its inhabitants
would almost immediately undergo a change, and some
species might become extinet. 'We may conclude, from
what we have seen of the intimate and complex manner
in which the inhabitants of each country are bound
together, that any change in the numerical proportions
of some of the inhabitants, independently of the change
of climate itself, would seriously affect many of the
others. If the country were open on its borders, new
forms would certainly immigrate, and this also would
oﬁen seriously disturb the relations of some of the former

bi Let it be bered how powerful the
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influence of a single introduced tree or mammal has
‘been shown to be. But in the case of an island, or of a
country partly surrounded by barriers, into which new
‘and better adapted forms could not freely enter, we
should then have places in the economy of nature which
would assuredly be better filled up, if some of the ori-
inhabitants were in some manner modified; for,
had the area been open to immigration, these same
places would have been seized on by intruders. In such
“case, every slight modification, which in the course of
‘ages chanced to arise, and which in any way favoured
the individuals of any of the species, by better adapt-
ing them to their altered conditions, would tend to be
preserved ; and natural selection would thus have free
scope for the work of improvement.
- We have reason to believe, as stated in the first
ol er, that a change in the conditions of life, by
y wtmg on the reprndnctlva system, causes or
; and in the fc case the
of life are supposed to have nndergune a
e, and this manifestly be favourable to
lslactlon, by giving a better chance of proﬁb\ble
;3 and unless profitabl
mtnral selection can do noﬂnng Not that nny
amount of variability is necessary ; as man can
uly prudnee great results by adding up in any
mere individual differences, so could
selection, but far more easily, from having in-
com bly longer time for action. Nor do I believe
any great physical change, as of climate, or any
1 degree of isolation to check immigration, is
lly necessary to produce new and unoccupied places
selection to fill up by modifying and im-
g some of the varying inhabitants. For as all
tants of each country are struggling together
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with nicely balanced forces, extremely slight modifi-

cations in the structure or habits of one inhabitant
would often give it an advantage over others; and still
further modifications of the same kind would often still
further increase the advantage, as long as the being
continued under the same conditions of life and profited
by similar means of subsistence and defence. No coun-
try can be named in which all the native inhabitants
are now so perfectly adapted to each other and to the
physical conditions under which they live, that none of
them could anyhow be improved; for in all countries,
the natives have been so far conquered by naturalised
productions, that they have allowed foreigners to take
firm possession of the land. And as foreigners have
thus everywhere beaten some of the natives, we may
safely conclude that the natives might have been modi-
fied with advantage, so as to have better resisted such
intruders.

As man can produce and certainly has produced a
great result by his methodical and unconscious means
of selection, what may not natural selection effect?
Man can act only on external and visible characters:
Nature (if I may be allowed thus to personify the na-
tural preservation of varying and favoured individuals
during the struggle for existence) cares nothing for
appearances, except in so far as they are useful to
any being. She can act on every internal organ, on
every shade of constitutional difference, on the whole
machinery of life. Man selects only for his own good ;
Nature only for that of the being which she tends.
Every selected character is fully exercised by her; and
the being is placed under well-suited conditions of life.
Man keeps the natives of many climates in the same
country ; he seldom exercises each selected character
in some peculiar and fitting manner ; he feeds a long
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~and a short beaked pigeon on the same food; he does
1ot gxercise a long-backed or long-legged quadruped in
any peculiar manner ; he exposes sheep with long and
short wool to the same climate. He does not allow the
ost vigorous males to struggle for the females. He
not rigidly destroy all inferior animals, but protects
ing each varying season, as far as lies in his power,
his productions. He often begins his selection by
@ half-monstrous form; or at least by some modi-
tion prominent enough to cateh his eye, or to be
inly useful to him. Under nature, the slightest dif-
nee of structure or constitution may well turn the
balanced scale in the struggle for life, and so
6 preserved. How fleeting ‘are the wishes and efforts
man! how short his time! aud consequently how
will his products be, compared with those accumu-
by Nature during whole geological periods! Can
wonder, then, that Nature’s productions should be
““truer ” in character than man's productions; that
should be infinitely better adapted to the most
ex conditions of life, and should plainly bear the
np of far higher workmanship ?

may metaphorically be said that natural selection
ly and hourly scrutinising, throughout the world,
variation, even the slightest; rejecting that which
d, preserving and adding up all that is good;
‘and insensibly working, whenever and wherever
bunity offers, at the improvement of each organic
in relation to its organic and inorganic condi-
of life. We see nothing of these slow changes in
until the hand of time has marked the long
s of ages, and then so imperfect is our view into
geological ages, that we only see that the
life are now different from what they formerly
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In order that any great amount of modification should
thus in the course of time be produced, it is necessary
to believe that when a variety has once arisen, it again
varies, after perhaps a long interval of time; and that
its varieties, if favourable, are again preserved, and so
onwards. That varieties more or less different from
the parent-stock occasionally arise, few will deny; but
that the process of variation should be thus indefinitely
prolonged is an assumption, the truth of which must be
judged of by how far the hypothesis accords with and
explains the general phenomena of nature. On the
other hand, the ordinary belief that the amount of pos-
sible variation is a strictly limited quantity is likewise
a simple assumption.

Although natural selection can act only through and
for the good of each being, yet characters and structures,
which we are apt to consider as of very trifling import-
ance, may thus be acted on. When we see leaf-cating
insects green, and bark-feeders mottled-grey ; the alpine
ptarmigan white in winter, the red-grouse the colour of
heather, and the black-grouse that of peaty earth, we
must believe that these tints are of service to these
birds and insects in preserving them from danger.
Grouse, if not destroyed at some period of their lives,
would increase in countless numbers ; they are known
to suffer largely from birds of prey; and hawks are
guided by eyesight to their prey—so much so, that on
parts of the Continent persons are warned not to keep
white pigeons, as being the most liable to destruetion.
Hence I can see no reason to doubt that natural selec=
tion might be most effective in giving the proper colour
to each kind of grouse, and in keeping that colour,
when once acquired, true and constant. Nor ought
to think that the occasional destruction of an
of any particular colour would produce little effect :
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should remember how essential it is in a flock of white
sheep to destroy every lamb with the faintest trace of
We have seen how in Florida the colour of
hogs, when feeding on the “ paint-root,” determines
ther they shall live or die. In plants the down on
ﬁuillndtheeolouzoftheﬂuhmwnsidemdhy
nists as characters of the most trifling importance :
we hear from an excellent horti i i

een species, which, as far as our ignorance permif

judge, seem quite unimportant, we must not forget
climate, food, &c., probably produce some slight
direct effect. It is, however, far more necessary
i in mind that there are many unknown laws
n of growth, which, when one part of the
on is modified through variation and the modi-
are accumulated by natural selection for the
the being, cause other modifications, often of

in the offspring at the same period ;—for in-
in the shape, size, and flavour of the seeds of
¥
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the many varieties of our culinary and agricultural
plauts; in the caterpillar and cocoon stages of the va-
rieties of the silkworm; in the eggs of poultry, and in
the colour of the down of their chickens; in the horns
of our sheep and cattle when nearly adult;—so in a
state of nature, natural selection will be enabled to act
on and modify organic beings at any age, by the accu-
mulation of variations profitable at that age, and by
their inheritance at a corresponding age. If it profit a
plant to have its seeds more and more widely dissemi-
nated by the wind, I can see no greater difficulty in this
being eﬂ'ccted thmngh natural aolectmn, than in the

i

and i

the du\\n in the pods on his cotton-trees.
selection may modify and adapt the larva of an insect.
to a score of contingencies, wholly different from those.
which concern the mature insect. These modifications
will probably affect, through the laws of correlation, the
structure of the adult; and perhaps in the case of those
insects which live only for a few hours, and which ne
feed, a large part of their structure is merely the cor-
related result of successive changes in the structure o
their larve. So, conversely, modifications in the adu
will probably often affect the structure of the larvaj
but in all cases natural selection will ensure that mo
difications consequent on other modifications at a difs
fevent period of life, shall not be in the least deg
injurions: for if they became so, they would cause
extinetion of the species.

Natural selection will modify the structure of tl
young in relation to the parent, and of the parent
relation to the young. In social animals it will
the structure of each individual for the benefit of
community ; if each in consequence profits by fi
selected change. What natural selection cannot do, i
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‘to modify the structure of one species, without giving
it any advantage, for the good of another species; and
though statements to this effect may be found in works
of natural history, T cannot find one case which will
bear investigation. A structure used only once in an
s whole life, if of high importance to it, might
modified to any extent by natural selection ; for in-

been asserted, that of the best short-beaked
umbler-pigeons more perish in the egg than are able
get out of it; so that fanciers assist in the act of
hin Now, if nature had to make the beak of a

wn pigeon very short for the bird's own ad-
ge, the process of modification would be very slow,
there would be simultaneously the most rigorous
ction of the young birds within the egg, which had
most powerful and hardest beaks, for all with weak
would inevitably perish; or, more delicate and
easily broken shells might be selected, the thick-
of the shell being known to vary like every other

Sezual Selection.

uch as peculiarities often appear under domes-
in one sex and become hereditarily attached
sex, the same fact probably occurs under
and if so, natural selection will be able to
one sex in its functional relations to the other
in relation to wholly different habits of life in
sexes, as is sometimes the case with insects.
- this leads me to say a few words on what I call
Belection. This depends, not on a struggle for
ce, but on a struggle between the males for pos-
2
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session of the females; the result is not death to the
itor, but few or no offspri Sexual

selection is, therefore, less ngomm than natural selec-
tion. Generally, the most vigorous males, those which
are best fitted for their places in nature, will leave most
progeny. But in many cases, victory depends not on
general vigour, but on having special weapons, confined
to the male sex. A hornless stag or spurless cock would
have a poor chance of leaving offspring. Sexual selec-
tion by always allowing the victor to breed might
surely give indomitable courage, length to the spur,
and strength to the wing to strike in the spurred leg, as
well as the bratal cockfighter, who knows well that he
can improve his breed by careful selection of the best
cocks. How low in the scale of nature the law of
battle descends, I know not; male alligators have been
described as fighting, bellowing, and whirling round,
like Indians in a war-dance, for the possession of the
females; male salmons have been seen fighting all day
long; male stag-beetles sometimes bear wounds from
the huge mandibles of other males; the males of certain
hymenopterous insects have been frequently seen by that
inimitable observer M. Fabre, fighting for a particular
female, who sits by an apparently unconcerned beholder
of the atmggle, and then retires with the conqueror,.
The war is, perhaps, severest between the males of
polygamous animals, and these seem oftenest provided
with special weapons. The males of carnivorous 3
are already well armed; though to them and to
special means of delance may be given through means
sexual selection, as the mane to the lion, the shoulds
pad to the boar, and the hooked jaw to the male salmon;
for the shield may be as important for victory, as
sword or T,

Amongst birds, the contest is often of a more
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character. All those who have attended to the subject,
believe that there is the severest rivalry between the
~males of many species to attract by singing the females.
The rock-thrush of Guiana, birds of Paradise, and some
others, congregate; and successive males display their
plumage and perform strange antics before the
which, standing by as spectators, at last choose
most attractive partner. Those who have closely
attended to birds in confinement well know that ‘they
* take individual preferences and dislikes: thus
ir R. Heron has described how one pied peacock was
itly attractive to all his hen birds. It may
childish to attribute any effect to such appa-
weak means: I cannot here enter on the details
to support this view; but if man can in a
time give elegant carriage and beauty to his
8, according to his standard of beauty, I can see
gw.‘l reason w doubt that female birds, by selectmg.
of it the most
beautiful males, according to their standard of beauty,
it produce a marked effect. I strongly suspect that
well-known laws, with respect to the plumage of
and female birds, in comparison with the plumage
@ young, can be explained on the view of plumage
g been chiefly modified by sexual selection, acting
the birds have come to the breeding age or
the breeding season; the modifications thus
being inherited at corresponding ages or
2 cither by the males alone, or by the males
id females; but I have not space here to enter on

it is, as T believe, that when the males and
les of any animal have the same general habits
but differ in structure, colour, or ornament, such

ces have been mainly caused by sexual selec-
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tion ; that is, individual males have had, in successive
generations, some slight advantage over other males,
in their weapons, means of defence, or charms; and
have transmitted these advantages to their male off-
spring.  Yet, I would not wish to attribute all such
sexual differences to this agency: for we see peculi-
arities arising and becoming attached to the male sex
in our domestic animals (as the wattle in male carriers,
horn-like protuberances in the cocks of certain fowls,
&c.), which we cannot believe to be either useful to the
males in battle, or attractive to the females. We see
analogous cases under nature,—for instance, the tuft of
hair on the breast of the turkey-cock, which can hardly
be either useful or ornamental to this bird ;—indeed,
had the tuft appeared under domestication, it would
have been called a monstrosity.

Tustrations of the Action of Natural Selection.

In order to make it clear how, as I believe, natural
selection acts, T must beg permission to give one or two
imaginary illustrations. Let us take the case of a wolf,
which preys on various animals, securing some by craft,
some by strength, and some by fleetness; and let us
suppose that the fleetest prey, a deer for instance, had
from any change in the country increased in numbers,
or that other prey had decreased in numbers, during:
that season of the year when the wolf is hardest pressed
for food. Under such circumstances the swiftest and
slimmest wolves would have the best chance of sur-
viving, and so be preserved or selected,—provided
always that they retained strength to master their prey
at this or at some other period of the year, when they
might be compelled to prey on other animals. I can
see no more reason to doubt this, than that man can
improve the fleetness of his greyhounds by careful and
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methodical selection, or by that nnonmcxona selection
which results from each man trying to keep the best
dogs without any thought of mq g the breed.

Even without any change in the proportional numbers
of the animals on which our wolf preyed, a cub might
-~ be born with an innate tendency to pursue certain kinds

of prey. Nor can this be thought very improbable ; for
often observe great differences in the natural ten-
‘dencies of our domestic animals; one cat, for instance,
taking to catch rats, another mice ; one cat, uccordmgto
Ir. St. John, bringing home winged game, another hares
tnbbz(s, and another hunting on marshy ground and
‘almost nightly catching woodcocks or snipes. The ten-
cy to catch rats rather than mice is known to be
herited. Now, if any slight innate change of habit or
f structure benefited an individual wolf, it would have
best chance of surviving and of leaving offspring.
e of its young would probably inherit the same
or structure, and by the repetition of this process,
variety might be formed which would either sup-
it, or coexist with, the parent form of wolf. Or, again,
 wolves inhabiting a mountainous district, and those
I nting the lowlands, would naturally be forced to
different prey ; and from the continued. preserva-
of the individuals best fitted for the two sites, two
ties would slowly be formed. These varieties would
lnd blend where they met ; but to this subject of
crossing we shall soon have to return. I may add,
hat, according to Mr. Pierce, there are two varieties of
wolf inhabiting the Catskill Mountains in the United
‘one with a light greyhound-like form, which pur-
 deer, and the other more bulky, with shorter legs,
more frequently attacks the shepherd’s flocks.
us now take a more complex case, Certain plants
te a sweet juice, apparently for the sake of elimi-
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nating something injurions from their sap: this is
effected by glands at the base of the stipules in some
Leguminosw, and at the back of the leaf of the common
laurel. This juice, though small in quantity, is greedily
sought by insects. Let us now suppose a little sweet
juice or nectar to be excreted by the inner bases of the
petals of a flower, In this case insects in secking the
nectar would get dusted with pollen, and would certainly
often transport the pollen from one flower to the stigma
of another flower. The flowers of two distinet individuals
of the same species would thus get crossed; and the
act of crossing, we have good reason to believe (as will
hereafter be more fully alluded to), would produce very
vigorous seedlings, which consequently would have the:
best chance of flourishing and surviving. Some of these
seedlings would almost certainly inherit the nectar-
excreting power. Those individual flowers which had
the largest glands or nectaries, and which excreted most.
nectar, would be oftenest visited by insects, and would
be oftenest crossed ; and so in the long-run would gain
the upper hand. Those flowers, also, which had their
stamens and pistils placed, in relation to the size and
habits of the particular insects, which visited them, so as
to fayour in any degree the transportal of their pollen
from flower to flower, would likewise be favoured or
selected. We might have taken the case of insects
visiting flowers for the sake of collecting pollen instead
of nectar; and as pollen is formed for the sole object
of fertilisation, its destruction appears a simple loss to
the plant; yet if a little pollen were carried, at first
ionally and then habitually, by the pollen-d
ing insects from flower to flower, and a cross thus
effected, although nine-tenths of the pollen were de-
stroyed, it might still be a great gain to the plant;
and those individuals which produced more and more.
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ydlm, and had larger and larger anthers, would be

Wban our plant, by this process of the continued
tion or natural selection of more and more
attractive flowers, had been rendered highly attractive
to insects, they would, unintentionally on their part,
arly carry pollen from flower to flower; and that
they can effectually do this, I could easily show by
y striking instances, 1 will give only one—not
(& yery striking case, but as likewise illustrating one
step in the separation of the sexes of plants, presently

o be alluded to. Some holly-trees bear only male

owers, which have four stamens producing a rather

Tolly-trees bear only female flowers; these have a
Y ized pistil, and four stamens with shrivelled anthers,
in which not a grain of pollen can be detected. Having

thout exception, there were pollen—gmms, and on
a profusion of pollen. As the wind had set for
days from the female to the male tree, the
could not thus have been carried. The weather
been cold and boisterous, and therefore not favonr-
to bees, nevertheless every female flower which
had been effectually fertilised by the bees,
tally dusted with pollen, having flown from tree
in search of mectar. But to return to our
case: as soon as the plant had been ren-
so highly attractive to insects that pollen was
carried from flower to flower, another pro-
ht commence.  No naturalist doubts the advan-
what has been called the “physiological divi-
labour ;” hence we may believe that it would
¥
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be advantageous to a plant to produce stamens alone in
one flower or on one whole plant, and pistils alone in
another flower or on another plant. In plants under
culture and placed under new conditions of life, some-
times the male organs and sometimes the female organs
become more or less impotent ; now if we suppose this to
occur in ever so slight a degree under nature, then, as
pollen is already carried regularly from flower to flower,
and as a more complete separation of the sexes of our
plant would be advantageous on the principle of the
division of labour, individuals with this tendency more
and more increased, would be continually favoured or
selected, until at last a complete separation of the sexes
would be effected. It would take up too much space
to show the various steps, through dimorphism and other
means, by which the separation of the sexes in plants
of various kinds is apparently now in progress; but
T may add that some of the species of holly in North
America are, according to Asa Gray, in an intermediate
condition, or, as he expresses himself, the flowers are
more or less diceciously polygamous.

Let us now turn to the nectar-feeding insects in our
imaginary case: we may suppose the phmt of wl.uch w4
have been slowly i the nectar by
selection, to be a common plant; and that certain in-
sects depended in main part on its nectar for food. I
could give many facts, showing how anxious bees are
to save time: for instance, their habit of cutting holes
and sucking the nectar at the bases of certain flowers,
which they can, with a very little more trouble, enter
by the mouth. Bearing such facts in mind, it may be
believed that an accidental deviation in the size and
form of the body, or in the curvature and length of the
proboscis, &e., far too slight to be appreciated by us,
might profit a bee or other insect, so that an individual
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characterised would be able to obtain its food more
quickly, and so have a better chance of living and

wing descendants. Its descendants would probably
inherit a tendency to a similar slight deviation of struc-

ture,  The tubes of the corolla of the common red
incarnate clovers (Trifolium pratense and incar-
) do not on a hasty glance appear to differ in
h; yet the hive-bee can easily suck the nectar out
the incarnate clover, but not out of the common red
er, which is visited by humble-bees alone; so that

repeatedly seen, but only in the autumn, many
ve-bees sucking the flowers through holes in the base
the tube which had been bitten by humble-bees.
difference in the length of the corolla in the two
of clover, which determines the visits of the hive-
se, must be very trifling; for I have been assured

when red clover has been mown, the flowers of
second crop are somewhat smaller, and that these
abundantly visited by hive-bees. I do not know
ther this statement is accurate; nor whether an-
ther published statement can be trusted, namely, that

| Ligurian bee, which is generally considered a mere
and which freely crosses with the common hive-
bee, i8 able to reach and suck the nectar of the common
er. Thus, in a country where this kind of clover
it might be a great advantage to the hive-
have a slightly longer or differently constructed
cis. On the other hand, as the fertility of this
absolutely depends on bees moving the petals,
ees were to become rare in any country, it
ght be a great advantage to the plant to have a shorter
nore deeply divided corolla, so that hive-bees should
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be induced_to suck its flowers. Thus T can understand
how a flower and a bee might slowly become, either
simultaneously or one after the other, modified and
adapted in the most perfect manner to each other, by
the continued preservation of individuals presenting
slight deviations of structure mutually fayourable to
each other.

1 am well aware that this doctrine of natural selection,
exemplified in the above imaginary instances, is open to
the same objections which were at first urged aguinst
Sir Charles Lyell's noble views on “ the modern changes
of the earth, as illustrative of geology;” but we now
seldom hear the action, for instance, of the coast-waves,
called o trifling and insignificant cause, when applied
to the excavation of gigantic valleys or to the formation
of the longest lines of inland cliffs. Natural selection
ean act only by the preservation and accumulation of
small inherited modifications, each profitable to the
preserved being; and as modern geology has almost
banished such views as the excavation of a great valley
by a single diluyial wave, so will natural selection, if it
be a true principle, banish the belief of the continued
creation of new organic beings, or of any great and
sudden modifications in their structure.

On the Intercrossing of Individuals.

I must here introduce a short digression. In the case
of animals and plants with separated sexes, it is of course
obvious that two individuals must always (with the excep-
tion of the curious and not well-understood cases of par-
thenogenesis) unite for each birth ; but in the case of her-
maphrodites this is far from obvious. Nevertheless T am
stmng]y mclmed to believe that mth all hermaphmdllea
two indi either or ly, concur.
for the reproduction of their kind. This view was first
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suggested by Andrew Knight. We shall presently see
its importance ; but T must here treat the subject with
extreme brevity, though I have the materials prepared
for an ample discussion. All vertebrate animals, all
insects, and some other large groups of animals, pair
each birth. Modern research has much diminished
number of supposed hermaphrodites, and of real
phrodites a large number pair; that is, two indi-
M regularly unite for reproduction, which is all that
neerns us. But still there are many hermaphrodite
which certainly do not habitually pair, and a vast
y of plants are hermaphrodites. What reason,
i I-y be asked, is there for supposing in these cases
two individuals ever concur in reproduction? As
is impossible here to enter on details, I must trust to
‘some general considerations alone.
In the first place, T have collected so large a body of
ts, showing, in accordance with the almost universal
of breeders, that with animals and plants a cross
tween different varieties, or between individuals of
sume variety but of another strain, gives vigour and
r to the offspring; and on the other hand, that
interbreeding diminishes vigour and fertility ; that
facts alone incline me to believe that it is a
ral law of nature (utterly ignorant though we be
meaning of the law) that no organic being fer-
itself for an eternity of generations; but that a
with another individual is occasionally—perhaps
long interyals—indispensable.
the belief that this is a law of nature, we can, I
, understand several large classes of facts, such as
ing, which on any other view are inexplicable.
hybndm knows how unfavourable exposure to
to the fertilisation of a flower, yet what a multi-
flowers have their anthers and stigmas fully
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exposed to the weather! but if an occasional cross be
indispensable, the fullest freedom for the entrance of
pollen from another individual will expluin this state
of exposure, more especially as the plant’s own anthers
and pistil generally stand so close together that self-
fertilisation seems almost inevitable. Many flowers, on
the other hand, have their organs of fructification closely
enclosed, as in the great papilionaceous or pea-family ;
but in most of these flowers there is a very curious
adaptation between their structure and the manner in
which bees suck the nectar; for, in doing this, they
cither push the flower's own pollen on the stigma, or
bring pollen from another flower. So necessary are the
visits of bees to many papilionaceous flowers, that T
have found, by experiments published elsewhere, that
their fertility is greatly diminished if these visits be
prevented. Now, it is scarcely possible that bees should
fly from flower to flower, and not carry pollen from one
to the other, to the great good, as I believe, of the
plant. Bees will act like a camel-hair pencil, and it is
quite sufficient just to touch the anthers of one flower
and then the stigma of another with the same brush
to ensure fertilisation ; but it must not be supposed
that bees would thus produce a multitude of hybrids
between distinct species; for if you bring on the same
brush a plant’s own pollen and pollen from another
species, the former will have such a prepotent effect,
that it will invariably and completely destroy, as has.
been shown by Giirtner, any influence from the foreign.
pollen.

‘When the stamens of a flower suddenly spring to-
wards the pistil, or slowly move one after the other
towards it, the contrivance seems adapted solely to en-
sure self-fertilisation ; and no doubt it is useful for this
end: but the agency of insects is often required to
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the stamens to spring forward, as Kolreuter has
shown to be the case with the barberry; and in this
rery genus, which seems to have a special contrivance
r self-fertilisation, it is well known that, if closely-
d forms or varieties are planted near each other, it
hardly possible to raise pure seedlings, so largely do
vaturally cross. In many other cases, far from
ro being any aids for self-fertilisation, there are
‘specinl contrivances, as T could show from the writings
of C. 0. Sprengel and from my own observations, which
lly prevent the stigma receiving pollen from its

n flower : for instance, in Lobelia fulgens, there is
ally beautiful and elaborate contrivance by which
the infinitely numerous pollen-granules are swept
jut of the conjoined anthers of each flower, before the
gma of that individual flower is ready to receive
and as this flower is never visited, at least in
zarden, by insects, it never sets a leed,'.hmghby
pollen from one flower on the stigma of an-
er, I raised plenty of seedlings; and whilst another
of Lobelia growing close by, which is visited by
seeds freely. In very many other cases, though
10 be no special mechanical contrivance to prevent
stigma of a flower receiving its own pollen, yet, as
Sprengel has shown, and as I can confirm, either
e ers burst before the stigma is ready for fertilis-
, or the stigma is ready before the pollen of that

fer is ready, so that these plants have in fact sepa-
xe md mnst habitually be crossed. So it is
dimorphic and trimorphic plants

purpose of self-fertilisation, should in so
mln mutually useless to cach other! How

-
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simply are these facts explained on the view of an
occasional cross with a distinet individual being advan-
tageous or indispensable |

If several varieties of the cabbage, radish, onion,
and of some other pltmu, be allowed to seed near each
other, a large majority, as I have found, of the seed-
lings thus raised will turn out mongrels: for instance, I
raised 233 scedling cabbages from some plants of dif-
ferent varieties gmwing near each other, and of these
only 78 were true to their kind, and some even of these
were not perfectly true. Yet the pistil of each cabbage-
flower is surrounded not only by its own six stamens, but.
by those of the many other flowers on the same plant;
and the pollen of each flower readily gets on its own
stigma without insect-agency; for I have found that a
plant carefully protected produced the full number of
pods.  How, then, comes it that such a vast number of
the seedlings are mongrelized? T suspect that it must
arise from the pollen of a distinet variety having a pre-
potent effect over a flover’s own pollen; and that this
is part of the general law of good being derived from
the i ing of distinct individuals of the same
species.  When distinct species are crossed the case is.
directly the reverse, for a plant’s own pollen is almost
always prepotent over foreign pollen ; but to this subject
we shall return in a future chapter.
In the case of a gigantic tree covered with innumer-
able flowers, it may be objected that pollen could seldom
be carried from tree to tree, and at most only from
flower to flower on the same tree, and that flowers on
the same tree can be considered as distinet individuals
only in a limited sense. I believe this objection to be
valid, but that nature has largely provided against it by
giving to trees a strong tendency to bear flowers
separated sexes. When the sexes are separated, al
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e male and female flowers may be produced on the
tree, we can see that pollen must be regularly
rried from flower to flower ; and this will give a better
chance of pollen being occasionally carried from tree
tree. That trees belonging to all Orders have their
sexes more often separated than other plants, I find
be the case in this country; and at my request
Hooker tabulated the trees of New Zealand, and
Asa Gray those of the United States, and the result
as L anticipated. On the other hand, Dr. Hooker
 recently informed me that he finds that the rule
not hold in Australia; and I have made these few

g for a very brief space to animals : on the land
are some hermaphrodites, as land-mollusca and
but these all pair. As yet I have not
a single case of a terrestrial animal which fer-
es itself. We can understand this remarkable fact,

offers so strong a contrast with“terrestrial plants,
view of an ional cross being indi: bl

cross could be effected with terrestrial ani-
without the concurrence of two individuals. Of
¢ animals, there are many self-fertilising her-
but here currents in the water offer an
8 means for an occasional cross. And, as in the
flowers, I have as yet failed, after consultation
b cne of the highest authorities, namely, Professor
to discover a single case of an hermaphrodite
with the organs of reproduction so perfectly
d within the body, that access from without and
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the occasional influence of a distinet individual can be
shown to be physically impossible. Cirripedes long ap-
peared to me to present a case of very great difficulty
under this point of view; but I have been enabled, by
a fortunate chance, elsewhere to prove that two indi-
viduals, though both are self-fertilising hermaphrodites,
do sometimes cross.

It must have struck most naturalists as a strange
anomaly that, in the case of both animals and plants,
species of the same family and even of the same genus,
though agreeing closely with each other in almost their
whole organisation, yet are not rarely, some of them
hernuphmdnes, and some of them nmsex\ml Bt if,
in fact, all b hrodites do
with other individuals, the difference betwcen herma-
phrodites and unisexual species, as far as fonction is
concerned, becomes very small.

From these several considerations and from the many
special facts which I have collected, but which I am
not here able to give, I am strongly inclined to suspect,
that, both in the vegetable and animal kingdoms, an
occasional intercross with a distinet individual is a law
of nature. I am well aware that there are, on this vie
many cases of difficulty, some of which I am trying
investigate. Finally then, we may conclude that i
many organic beings, a cross between two individs
is an obvious necessity for each birth; in many of
it occurs perhaps only at long intervals; but in none,
1 suspect, can self-fertilisation go on for perpetuity.

Clircumstances favourable to Natural Selection.

This is an extremely intricate subject. A
amount of variability will evidently be fuvourable
the work of natural gelection, but mere individual
ences probably suffice. A large number of indivi
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giving a better chance for the appearance within any
given period of p iations, wil P for
@ lesser amount of variability in each individual, and is,
1 believe, an extremely important element of suceess.
ough Nature grants vast periods of time for the work
natural selection, she does not grant an indefinite
period ; for as all organic beings are striving to seize on
h place in the economy of nature, if any one species
s not become modified and improved in a correspond-
degree with its competitors, it will soon be extermi-
Unless favourable variations be inherited by some
least of the offspring, nothing can be effected by na-
selection. Non-inheri of any new ch
in fact, the same thing as reversion to the character
‘the grandparents or more remote ancestors; and no
bt the tendency to reversion may often have checked
evented the action of natural selection ; but its im-
tance has been greatly exaggerated by some writers,
tendency to reversion has not prevented man from
ting innumerable hereditary rades in the animal
vegetable kingdoms, why should it have stopped
ocess of natural selection ?
man’s methodical selection, a breeder selects for
definite object, and free intercrossing will wholly
his work.  But when many men, without intending
the breed, have a nearly common standard of
tion, and all try to get and breed from the best
much improvement and modification surely but
follow from this unconseious process of selection,
tanding a large amount of crossing with inferior
Thus it will be in nature; for within a con-
ied area, with some place in its polity not so perfectly
as might be, natural selection will always tend
all the individuals varying in the right
“though in different degrees, so as better to
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fill up the unoccupied place. But if the area be large,
its several districts will almost certainly present dif-
ferent conditions of life ; and then, if natural selection
be modifying and improving a species in the several
districts, there will be intercrossing with the other indi-
viduals of the same species on the confines of each.
And in this case the effects of intercrossing can hardly
be cdunterbalanced by natural selection always tending
to modify all the individuals in each district in exactly
the same manner to the conditions of each ; for in a
continuous area, the physical conditions will generally
graduate away insensibly from one district to another.
The intercrossing will most affect those animals which
unite for each birth, which wander much, and which do
not breed at a very quick rate, Hence in animals of
this nature, for instance in birds, varieties will generally
be confined to separated countries ; and this I find to
be the case. In hermaphrodite organisms which cross
only oceasionally, and likewise in animals which unite
for each birth, but which wander little and which can
increase at a very rapid rate, a new and improved vari-
ety might be quickly formed on any one spot, and
might there maintain itself in a body, so that whatever
intercrossing took place would be chiefly between the
individuals of the same new variety. A local variety
when once thus formed might subsequently slowly
spread to other districts, On the above principle,
nurserymen always prefer getting seed from a large
body of plants of the same variety, as the chance
intercrossing with other varieties is thus lessened.
Even in the case of slow-breeding animals, which
unite for each birth, we must not overrate the effects of
intercrosses in retarding natural selection ; for I
bring a considerable catalogue of facts, showmg thaf
within the same area, varieties of the same animal
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long remain distinet, from haunting different stations,
from breeding at slightly different seasons, or from
varieties of the same kind preferring to pair together.
Intercrossing plays a very important part in nature
keeping the individuals of the same species, or of the
e variety, true and uniform in character. It will
ously thus act far more efficiently with those ani-
which unite for each birth; but I have already
mpted to show that we have reason to believe that
ional intercrosses take place with all animals and
ball plants. Even if these take place only at long
i the young thus produced will gain so much
wigour and fertility over the of

o of surviving and propagating their kind; and
thus, in the long run, the influence of intercrosses, even
at rare intervals, will be great. If there exist organic
gs which never intercross, uniformity of character
be retained amongst them, as long as their con-
of life remain the same, only through the prin-
cl inhgritance, and through natural selection
ng any which depart from the proper type; but
conditions of life change and they undergo
tion, uniformity of character can be given to
t modified offspring, solely by natural selection pre-
the same favourable variations,
also, is an important element in the process
selection. In a confined or isolated area, if
large, the organic and inorganic conditions of
generally be in a great degree uniform ; so that
selection will tend to modify all the individuals
irying species thronghout the area in the same
relation to the same conditions. Intercrosses,

indi dunlsuftheumaspeuu.whah
would have inhabited the and
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differently circumstanced districts, will be prevented.
But isolation probably acts more efficiently in checking
the immigration of better adapted organisms, after any
physical change, such as of climate or elevation of the
land, &c.; and thus new places in the natural economy
of the country are left open for the old inhabitants to
sf.mggle for and become adapted to, through modifica-
tions in their structure and constitution. Lastly, isola-
tion, by checking immigration and consequently com-
pe(‘mm, will give time for any new variety to be dowly

ved ; and this may sometimes be of importance in
lhe production of new species. If, however, an isolated.
area be very small, either from being surrounded by
barriers, or from having very peculiar physical condi-
tions, the total number of the individuals supported on.
it will necessarily be very small ; and fewness of indi-
viduals will greatly retard the production of new
tlmmgh nntnml eelachon, by dacreumg the chance el‘

Thememlapnsoftlme by itself does nothing either
for or against natural selection. I state this because
has been erronconsly asserted that the element of tim
is assumed by me to play an all-important part in natural
selection, as if all species were necessarily undergois
slow modification from some innate law. Lapse of ti
is only so far highly mpomnt, as it gives a better ¢l )
of beneficial variations arising, being selected, accums

lated, and fixed, in relation to the slowly cha
organic and inorganic conditions of life. It likewise
favours the direct action of new or changed physie

conditions of life.
If we turn to nature to test the truth of these re-
marks, and look at any small isolated area, such as
oceanic island, although the total number of the sp
inhabiting it will be found to be small, as we shall
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our ehnpter on Geographical Distribution ; yet of
e species a very large proportion are endemm,—
is, have been produced there, and nowhere else.
o an oceanic island’ at first sight seems to have
seen highly favourable for the production of new species.

it we may thus greatly deceive ourselves, for to ascer-
whether a small isolated area, or a large open area
continent, has been most favourable for lhe pro-
on of new organic forms, we onght to make the

ison within equal times; and this we are in-

spable 8-
Although isolation is of considerable importance in
production of new species, on the whole I am
ed to believe that largeness of area is of more
tance, especially in the production of species, which
prove capable of Enduring for a long period, and
preading widely. Throughout a great and open
20, not only will there be a better chance of favour-
e variations arising from the large number of in-
y of the same species there supported, but
conditions of life are much more oomplex from the
ge number of nlrendy existing species; and if some
o many species become modified and improved,
will have to be improved in a corresponding
or they will be exterminated. Each new form,
18 soon as it has been much improved, will be able
ad over the open and continuous area, and will
into competition with many others. More-
great areas, though now continuous, owing to
 oscillations of level, will often have existed in a
‘condition, so that the good effects of isolation
rally, to a certain extent, have concurred.
1 conclude llmt, although small isolated aveas
have been in some respeets highly favourable
production of new species, yet that the course
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of modification will generally have been more rapid on
large areas; and what is more important, that the new.
forms produced on large areas, which already have been
victorious over many competitors, will be those that
will spread most widely, will give rise to most new
varieties and species, and will thus play the most im«
portant part in the changing history of the organic world.
‘We can, perhaps, on these views, understand some
facts which will be again alluded to in our chapter on
phical Distribution ; for instance, that the pro-
ductions of the smaller continent of Australin have
formerly yielded, and apparently are now yielding,
before those of the larger hnropwo—Amhc area. Tlml,
also, it is that i have every e
become so largely naturalised on islands. On a small
island, the race for life will have been less severe, and
there will have been less modification and less exter-
mination. Hence, perhaps, it comes that the flora
Madeira, according to Oswald Heer, resembles th
tinet tertiary flora of Europe. All fresh-water ba
taken together, make a small area compared with th
of the sea or of the land; and, consequently, the co
petition between fresh-water productions will have
less severe than elsewhere; new forms will ha
been more slowly formed, and old forms more slowly
exterminated. And it is in fresh water that we find
seven genera of Ganoid fishes, remnants of a once
t order: and in fresh water we find some o
the most anomalous forms now known in the world, as
the Ornithorhynchus and Lepidosiren, which, like fo
connect to a certain extent orders now widely sepa
in the natural scale. These anomalous forms may
called living fossils; they have endured to the p
day, from having inhabited a confined area, and thus
having been exposed to less severe competition,
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of the subject permits. I conclude that for
¢ productions a large continental area, which
’wﬂergummymdlhﬁmnﬂnal,udvhnhm
sequently has existed for long periods in a broken
dition, has been the most favourable for the pro-
n of many new forms of life, fitted to endure long
hmtenimdely Fm-theuuﬂmaxmedua
tinent, and th at this period
individuals md hnds,will have bm un!ueeled to

o large -e]nruu xslnndl, there will still have existed
any individuals of the same species on each island :
2 ing on the confines of the range of each species
thus have been checked: after physical changes
kind, |mm|gratmn will have been prevented,
new places in the polity of each island will
had to be filled up by modifications of the old
; and time will have been allowed for .the
ties in each to become well modified and perfected.
by renewed clevation, the islands were recon-
into a continental area, there will again have
e competition : the most favoured or improved
will have been enabled to spread: there will
@ boen much extinction of the less improved forms,
relative proportional numbers of the various
mts of the renewed continent will again have
n changed ; and again there will have been a fair
natural selection to improve still further the
nts, and thus produce new species,
hat natural selection always acts with extreme slow-
fully admit. Its action depends on there bging
s in the polity of nature, which can be better filled
h some of the inhabitants u“hneountryrmdn»
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going modification of some kind. The existence of
such places will often depend on physical changes,
which are generally very slow, and on the immigration
of better adapted forms having been checked. But the
action of natural selection will probably still oftener
depend on some few of the inhabitants becoming slowly
modified ; the mutual relations of many of the other
inhabitants being thus disturbed. Nothing can be
effected, unless favourable variations occur, and varia-
tion itself is apparently always a slow process. The
process will often be greatly retarded by free inter-
crossing. Many will exclaim that these several causes
are amply sufficient wholly to stop the action of natural
selection. T do not believe so. On the other hand, T
do believe that natural selection always acts very slowly,
generally at only long intervals of time, and generally
on only a very few of the inhabitants of the same region.
at the same time. I further believe, that this slow,
intermittent action of natural selection accords per-
fectly with what geology tells us of the rate and
manner at which the inhabitants of the world have
changed.

Slow though the process of selection may be, if feeble
man can do much by his powers of artificial selection,
I can see no limit to the amount of change, to
beauty and infinite complexity of the coadaptatic
between all organic beings, one with another and with
their physical conditions of life, which may be eff
in the long course of time by nature’s power
selection.

Extinction caused by Natural Selection.

This subject will be more fully discussed in
chapter on Geology ; but it must be here alluded
from being intimately connected with natural selecti
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Mnﬂ selection acts solely through the preservation

nd as mm areas are already stocked with a great
sity of forms, it follows that, as each selected
favoured form increases in number, so generally
the less favoured forms decrease and become rare.
rity, as geology tells us, is the precursor to extinction.
can, also, see that any form represented by few
duals will, during fluctuations in the seasons or in
number of its enemies, run a good chance of utter
etion. But we may go further than this; for as
forms are continually and slowly being produced,
we believe that the number of specifie forms goes
etually and almost indefinitely increasing, many
bly must become extinet. That the number of
jecific forms has not indefinitely increased, geology
plls us plainly ; and we shall presently attempt to show
it is that the number of species thronghout the
has not become immeasurably great.
‘e have seen that the species which are most nume-
in individuals have the best chance of producing
any given period favourable variations, We
evidence of this, in the facts stated in the second
, showing that it is the common species which
br the greatest number of recorded varieties, or in-
species. Hence, rare species will be less quickly
d or improved within any given period, and they
onsequently be beaten in the race for life by the
d descendants of the commoner species.
n these several considerations I think it in-
it follows, that as new species in the course of
are formed through natural selection, others will
G2
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become rarer and rarer, and finally extinet. The forms
which stand in closest competition with those under-
going modification and improvement, will naturally
suffer most. And we have seen in the chapter on the
Struggle for Existence that it is the most closely-allied
forms,—varieties of the same species, and species of
the same genus or of related genera,—which, from
having nearly the same structure, constitution, and
habits, generally come into the severest competition
with each other. Consequently, each new variety or
species, during the progress of its formation, will gene-
rally press hardest on its nearest kindred, and tend to
exterminate them. We see the same process of exter-
mination amongst our domesticated productions, through
the selection of improved forms by man. Many curious
instances could be given showing how quickly new
breeds of cattle, sheep, and other animals, and varieties
of flowers, take the place of older and inferior kin
In Yorkshire, it is historically known that the ancient
black cattle were displaced by the long-horns, and that
these “were swept away by the short-horns” (T quote’
the words of an agricultural writer) “as if by some
murderous pestilence.”

Divergence of Character.

The principle, which T have designated by this te
is of high importance, and explains, as I believe, set
important facts. In the first place, varieties, eve
strongly-marked ones, though having somewhat of
character of species—as is shown by the hopeless doub
in many cases how to rank them—yet certainly d
from each other far less than do good and
species. Nevertheless, according to my view, varietie
are species in the process of formation, or are, as T
called them, incipient species. How, then, does i
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difference between varieties become angmented
the greater difference between species? That this
habitually happen, we must infer from most of the
umerable species throughout nature presenting well-
d differences ; whereas varieties, the supposed
and parents of future well-marked species,
slight and ill-defined differences. Mere chance,
»may call it, might cause one variety to differ in
me character from its parents, and the offspring of
variety again to differ from its parent in the very

me character and in a greater degree; but this alone
would never account for so habitual and Tlarge an
punt of difference as that between well-marked
es of the same species and species of the same

As has always been my practice, let us seek light on
head from our domestic productions. We shall
Mind something analogous. It will be admitted
production of races so different as short-horn
Hereford cattle, race and cart horses, the several
of pigeons, &c., could never have been effected
mere chance accumulation of variations of a
character during many successive generations,
a fancier is, for instance, struck by a pigeon

‘u slightly shorter beak ; another fancier is struck
having a rather longer beak; and on the
principle that “fanciers do not and will
a medium standard, but like extremes,” they
(as has actually occurred with the sub-breeds
er-pigeon) choosing and breeding from birds
and longer beaks, or with shorter and shorter
. Again, we may suppose that at an early period
o ferred swifter horses ; another stronger and
horses. The early differences would be

; in the course of time, from the continued
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selection of swifter horses by some breeders, and of
stronger ones by others, the differences would become
greater, and would be noted as forming two sub-breeds;
finally, after the lapse of centuries, the sub-breeds would
become converted into two well-established and distinet.
breeds. As the differences slowly become greater, the
inferior animals with intermediate characters, being
neither very swift nor very strong, will have been
neglected, and will have tended to disappear. Here,
then, we see in man’s productions the action of what
may be called the principle of divergence, causing differ-
ences, at first barely npprecmble, steadily to increase,
and the breeds to diverge in character both from each
other and from their common parent.

But how, it may be asked, can any analogous prin=
ciple apply in nature? T believe it can and does apply.
most efliciently (though it was a long time before I
saw how), from the simple circumstance that the more
diversified the descendants from any one species beeome
in structure, constitution, and habits, by so much !
they be better enabled to seize on many and widely
diversified places in the polity of nature, and so be
enabled to increase in numbers,

‘We can clearly discern this in the case of anima
with simple habits. Take the case of a carnivorous
quadruped, of which the number that can be suppo
in any country has long ago arrived at its full aver
If its. namml powers of increase be allowed to m:t,

any change in its conditions) only by its varying
scendants seizing on places at present occupied by o
animals: some of them, for instance, being enabled
feed on new kinds of prey, either dead or alive;
mhnbmng new stations, climbing trees, frequenti
water, and some perhaps becoming less carnivorous,
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re diversified in habits and structure the descendants

would be enabled to occupy. What applies to one
will apply throughout all time to all animals—
is, if they vary—for otherwise natural selection
do nothing. So it will be with plants. It has
experimentally proved, that if a plot of ground
sown with one species of grass, and a similar plot be
wn with several distinet genera of grasses, a greater
ber of plants and a greater weight of dry herbage
¢ean thus be raised. The same has been found to hold
d when one variety and several mixed varieties of
ieat have been sown on equal spaces of ground. Hence,
ny one species of grass were to go on varying, and
varieties were continually selected which differed
each other in at all the same manner as distinet
es and genera of grasses differ from each other, a
number of individual plants of this species of
ineluding its modified descendants, would succeed
g on the same piece of ground. And we wel.l
that each species and each variety of grass
ly sowing almost countless seeds: and tlma, as xt
rbe said, is striving its utmost to increase its numbers.
quently, in the course of many thousand genera-
the most distinct varieties of any one species of
18 would always have the best chance of succeeding
increasing in numbers, and thus of supplanting
] distinet varieties; and varieties, when ren-
very distinet from each other, take the rank of

truth of the principle that the greatest amount
can be supported by great diversification of
¢, is seen under many natural circumstances.
extremely small area, especially if freely open to
and where the contest between individual

@ The Complete Waork of Charles Darwir Online



128 DIVERGENCE OF CHARACTER. Cuar. IV.

and individual must be severe, we always find great
diversity in its inhabitants. For instance, I found that
a piece of turf, three feet by four in size, which had been
exposed for many years to exactly the same conditions,
supported twenty species of plants, and these belonged
to eighteen genera and to eight orders, which shows how
much these plants differed from each other. So it is
with the plants and insects on small and uniform islets;
and so in small ponds of fresh water. Farmers find that
they can raise most food by a rotation of plants belong-
ing to the most different orders: nature follows what
may be called a simultaneous rotation. Most of the
animals and plants which live close round any small
piece of ground, could live on it (supposing it not to be
in any way peculiar in its nature), and may be said to
be striving to the utmost to live there; but, it is
that where they come into the eclosest competition with
each other, the advantages of diversification of structure
with the accompanying differences of habit and con
tution, determine that the inhabitants, which thus
each other most closely, shall, as a general rule, hel
to what we call different genera and orders,

The same principle is seen in the naturalisation
plants throngh man’s agency in foreign lands.
might have been expected that the plants which hay

ded in becoming lised in any land would

generally have been cloqe]y allied to the indigenes; f

these are commonly looked at as specially created and

adapted for their own country. It might, also, perhaps
that y

very different; and Alph. de Candolle has well
marked in his great and admirable work, that
gain by naturalisation, proportionally with the nu
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‘of the native genera and species, far more in new genera
than in new species. To give a single instance: in the
last edition of Dr. Asa Gray's ‘Manual of the Flora of
Northern United States,” 260 naturalised plants are
nerated, and these belong to 162 genera. We thus
e that these naturalised plants are of a highly diver-
nature. They differ, moreover, to a large extent,
the indigenes, for out of the 162 naturalised ge-
10 less than 100 genera are not there indigenous,
d thus a large pmportionnl addition is made to the
era naturally living in the United States.
By considering the nature of the plants or animals
hich have ! lly with the indj of
emmtry, nnd have there become naturalised, we
nay gain some crude idea in what manner some of the
ives would have to be modified, in order to gain an
itage over the other nauvea and we may at leaut
infer that di of structure,
W gensnc dlﬂ‘erences, would be pmﬁmble to t.hem.
£ d ¢

ifi in the ink
the same region is, in fact, the same as that of
he physiological division of labour in the orgaus of the
individual body—a subject so well elucidated by
e Edwards. No physiologist doubts that a stomach
ed to digest vegetable matter alone, or flesh alone,
most nutriment from these substances. So in
general economy of any land, the more widely and
orfectly the animals and plants are diversified for
rent habits of life, so will a greater number of
uals be capable of there supporting themselyes.
Lset of animals, with their organisation but little diver-
d, could hardly compete with a set more perfectly
d in strocture. It may be doubted, for in-
whether the Australian marsupials, which are
into groups differing but little from each other,
a3
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and feebly represenhng, as Mr. anﬂmuse and others
have ow and rodent
mammals, could anccessfuﬂy compete with these well-
pronounced orders. In the Australian mammals, we
see the process of diversification in an early and incom-
plete stage of development.

The Probable Action of Natural Selection, through
Divergence of Character and Bztinction, on the De-
scendants of a Common Ancestor.

After the foregoing discussion, which ought to have -
been much amplified, we may assume that the modified
descendants of any one species will succeed by so much
the better as they become more diversified in structure,
and are thus enabled to encroach on places occupied
by other beings. Now let us see how this principle
of benefit being derived from divergence of character,
combined with the principles of natural selection and
of extinction, tends to act.

The accompanying diagram will aid us in under-
standing this rather perplexing subject. Let A to L
represent the species of a genus large in its own
country; these species are supposed to resemble each
other in unequal degrees, as is so generally the case in
nature, and as is represented in the diagram by the
letters standing at unequal distances. I have said
large genus, becanse we have seen in the second chapter,
that on an average more of the species of large genera
vary than of small genera; and the varying species
the large genera present a greater number of varieties.
We have, also, seen that the species, which are
commonest and the most widely diffused, vary
than do the rare and restricted species.  Let (A) be
common, widely-diffused, and varying species, bel
toa genus large in its own country. The branching
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 diverging dotted lines of unequal lengths proceeding
from (A), may represent its varying offspring. The

tions are supposed to be extremely slight, but of
most diversified nature; they are not supposed all
appear simultaneously, but often after long intervals
oftime; nor are they all supposed to endure for equal
riods.  Only those variations which are in some way
fitable will be preserved or naturally selected. And
e the importance of the principle of benefit being
d from divergence of character comes in; for this
generally lead to the most different or divergent
ions (represented by the outer dotted lines) being
d and accumulated by natural selection. When
otted line reaches one of the horizontal lines, and is
marked by a small numbered letter, a sufficient
t of variation is supposed to have been accumu-
d to have formed a fairly well-marked variety, such
as would be thought worthy of record in a systematio

intervals between the horizontal lines in the
may represent each a thousand generations ;
it would have been better if each had represented
thousand ‘generations. After a thousand genera-
species (A) is supposed to have produced two
well-marked varieties, namely «' and m'. These
varieties will generally continue to be exposed to
same conditions which made their parents variable,
the tendency to variability is in itself hereditary,
asequently they will tend to vary, and generally to
nearly the same manner as their parents varied.

inhabitants of the same country; they will like-
take of those more general advantages which
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made the genus to which the parent-species belonged, a
large genus in its own country. And these circum-
stances we know to be favourable to the production of
new varieties.

If, then, these two vanel:\es be variable, the most
divergent of their vari will g dly be preserved
during the next thousand genemuons, And after this
interval, variety a' is supposed in the diagram to have
produced variety a*, which will, owing to the principle
of divergence, differ more from (A) than did variety a'
Variety m' is supposed to have produced two varieties,
namely m® and &, differing from each other, and more
considerably from their common parent (A). We may
continue the process by similar steps for any length of
time ; some of the varieties, after each thousand gene-
rations, producing only a single variety, but in a more
and more modified condition, some producing two or
three varieties, and some failing to produce any. Thus
the varieties or modified descendants, proceeding from
the common parent (A), will generally go on increasing
in number and diverging in character. In the diagram
the process is rep d up to the ten-th dth
generation, and under a condensed and simplified form
up to the fourteen-thousandth generation.

But T must here remark that I do not suppose that
the process ever goes on so regularly as is represented
in the diagram, though in itself made somewhat irre-
gular, nor that it goes on continuously; it is far more
probable that each form remains for long periods un-
altered, and then again undergoes modification. Nor
do T suppose that the most divergent varieties are
invariably preserved: a medium form may often long'
endure, and may or may not produce more than ona
modified descendant; for natural selection will always
act according to the nature of the places which are
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unoccupied or not perfeetly occupied by other
and this will depend on infinitely complex

1 s. But as a general rule, the more diversified
in structure the descendants from any one species can
be rendered, the more places they will be enabled to
seize on, and the more their modified progeny will in-
rease. In our diagram the line of succession is broken
regular intervals by small numbered letters marking
successive forms which have become sufficiently
to be recorded as varieties. But these breaks
imaginary, and might have been inserted any-
ere, after intervals long enough to have allowed the

of a i amount of di

3 Al all the modified descendants from a common and
~diffused species, belonging to a large genus, will

parent successful in life, they will generally g
multiplying in number as well as diverging in
this is represented in the diagram by the
divergent branches proceeding from (A). The
d offspring from the later and more highly im-
ed branches in the lines of descent, will, it is pro-
often take the place of, and so destroy, the earlier
less improved branches: this is represented in the
m by some of the lower branches not reaching
the upper horizontal lines. In some cases I do

d to a single line of descent, and the number of the

s will not be increased; although the amount

gent modification may have been increased in

 successive generations. This case would be Te-

ted in the diagram, if all the lines

0 (A) were removed, excepting that from a' to a®
‘the same way, for instance, the English race-horse
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and English pointer have apparently both gone on
slowly diverging in character from their original stocks,
without either having given off any fresh branches or

races.
After ten thousand generations, species (A) is sup-
to have produced three forms, a®, f*, and m",
which, from having diverged in character during the
successive generations, will have come to differ largely,
but perhaps unequally, from each other and from their
common parent. If we suppose the amount of change
between each horizontal line in our diagram to be ex-
cessively small, these three forms may still be only
well-marked varieties; or they may have arrived at the
doubtful category of sub-species; but we have only to
suppose the steps in the process of modification to be
more numerous or greater in amount, to convert these
three forms into well-defined species: thus the diagram
illustrates the steps by which the small differences
inguishing varieties are increased into the larger

manner), we get eight species, marked by the lette
between @ and m", all descended from (A). Thus,
1 believe, species are mulhphed and genera are formed.
In a large genus it is probable that more than one

marked varieties (' and 2) or two species, a
to the amount of change supposed to be repre:
between the horizontal lines. After fourteen thor
generations, six new species, marked by the letters
to 2", are supposed to have been produced. The sp
of a genus which are already extremely different
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. character, will generally tend to produce the greatest
number of modified descendants; for they will have
the best chance of filling new and widely different
places in the polity of nature: hence in the diagram I
have chosen the extreme species (A), and the nearly
eme species (I), as those which have largely varied,
have given rise to new varieties and species. The
nine species (marked by capital letters) of our
genus, may for a long period continue to trans-
unaltered descendants; and this is shown in the
m by the dotted lines not prolonged far upwards
n want of space.
But during the process of modification, represented in
diagram, another of our principles, namely that of
intion, will have played an important part. Asin
fully stocked country natural selection necessarily
by the selected form having some advantage in the
le for life over other forms, there will be a con-
it tendency in the improved descendants of any one
pecies to supplant and exterminate in each stage of
t their predecessors and their original parent.
for it should be remembered that the competition will
ly be most severe between those forms which are
nearly related to each other in habits, constitu-
and structure. Hence all the intermediate forms
een the earlier and later states, that is between the
and more improved states of a species, as well as
he original parent-species itself, will generally tend to
me extinet. So it probably will be with many whole
eral lines of descent, which will be conquered by
and improved lines of descent. If, however, the
ed offspring of a species get into some distinet
try, or become quickly adapted to some quite new
in which child and parent do not come into
t both may continue to exist.
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Ii, then, our diagram be assumed to represent a

id amount of modificati es (A) and

all the earlier varieties will have beoame extinet,

having been replaced by eight new speeies (a* to m');

and (T) will have been replaced by six (n' to 2'¥) new.
ies.

But we may go further than this. The original species
of our genus were supposed to resemble each other in
unequal degrees, as is so generally the case in nature;
species (A) being more nearly related to B, C, and D,
than to the other species ; and species (I) more to G, H,
K, L, than to the others. These two species (A) and
(T) were also supposed to be very common and widely
diffased species, so that they must originally have had
some advantage over most of the other specles of the
genus, Their modified descendants, fourteen in nu
at the fourt 1 ion, . will
have inherited some of the same ndvanmges
have also been modified and improved in a dive
manner at each stage of descent, so as to have
adapted to many related places in the natural

probable that they will have taken the places of,
thus exterminated, not only their parents (A) and
but likewise some of the original species which
most nearly related to their parents. Hence very fi
of the original species will have transmitted offspring to
the fourteen-thousandth generation. We may supp
that only one (), of the two species which were
closely related to the other nine original speci
transmitted descendants to this Inte stage ot'
scent.

The new species in onr diagram descended from
original eleven species, will now be fifteen in numb
Owing to the divergent tendency of natural se
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@ and 2 will be much greater than that be-
een the most different of the original eleven species.

e new species, moreover, will be allied to each other
a widely different manner.  Of the eight descendants
tom (A) the threo marked a, g, p" will be nearly
from having recently branched off from a"; &%,
% from having diverged at an earlier period from
will be in some degree distinet from the three first-
species ; and lastly, ¢", ¢, and m", will be
related one to the other, but, from having di-
at the first commencement of the process of
lification, will be widely different from the other
species, and may constitute a sub-genus or even a

genus.
six descendants from (I) will form two sub-
or even genera. But as the original species (I)
largely from (A), standing nearly at the extreme
of the original genus, the six descendants from
will, owing to inheritance alone, differ considerably
the eight descendants from (A); the two groups,
er, are supposed to have gone on d]vergmg in
ent directions. The intermediate species, also (md
8 is a very i P ideration), which
6 original species (A) and (I), have all become, ex-
pting (F), extinct, and have left no descendants.
the six new species descended from (I), and the
descended from (A), will have to be ranked as
distinet genera, or even as distinet sub-families.
it is, as I believe, that two or more genera
produced by descent with modification, from two
species of the same genus. And the two or
parent-species are supposed to have descended from
one species of an earlier genus, In our diagram,
§ is indicated by the broken lines, beneath the capital
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letters, in sub-branches d ds towards
a single poml this point representing a single species,
the supposed single parent of our several new sub-genera
and genera.

It is worth while to reflect for a moment on the cha-
racter of the new species ¥4, which is supposed not to
have diverged much in character, but to have retained
the form of (F), either unaltered or altered only in a
slight degree. In this case, its affinities to the other
fourteen new species will be of a curious and circuitous
nature. Having descended from a form which stood
between the two parent species (A) and (T), now sup-
posed to be extinct and unknown, it will be in some
degree intermediate in character between the two groups
descended from these species. But as these two groups
have gone on diverging in character from the type of
their parents, the new species (¥') will not be directly.
intermediate between them, but rather between types
of the two groups; and every naturalist will be able to
bring some such case before his mind.

In the diagram, each horizontal line has hitherto been
supposed to represent a thousand generations, but each
may represent a million or hundred million generations,
and likewise a section of the successive strata of the
earth’s erust including extinct remains. We shall, when
we come to our chapter on Geology, have to refer again
to this subject, and I think we shall then see that the
diagram throws light on the affinities of extinet beings,
which, though generally belonging to the same orders,
or families, or genera, with those now living, yet are
ofmn. in some degree, intermediate in character between

groups ; and we can understand this fact, for
the extinct species lived at very ancient epochs when
the branching lines of descent had diverged less,

1 see 1o reason to limit the process of modification, as
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- now explained, to the formation of genera alone. If, in
our diagram, we suppose the amount of change repre-
nted by each successive group of diverging dotted
10 be very great, the forms marked a'* to p", those
wked 5 and f and those marked oM to m", will
hree very distinet genera.  We shall also have two
distinct genera descended from (I); and as these
* two genera, both from continued divergence of
r and from inheritance from a different parent,
differ widely from the three genera descended from
the two little groups of genera will form two distinct

supposed to be rep in the
And the two new families, or orders, will have
ded from two species of the original genus; and
posed to have descended from

‘the larger genera which oftenest present varieties or
species. This, indeed, might have been ex-

3 for as natural selection acts through one form
ing some advantage over other forms in the struggle

existence, it will chiefly act on those which already
ave some advantage ; and the largeness of any group
s that its species have inherited from a common
or some advantage in common. Hence, the
for the production of new and modified de-
will mainly lie between the larger groups
are all trying to increase in number. One
group will slowly conquer another large group,
its numbers, and thus lessen its chance of farther
and improvement. Within the same large
the later and more highly perfected sub-groups,
0 ing ont and seizing on many new places

pelity of Nature, will constantly tend to supplant
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and destroy the earlier and less improved sub-groups.
Small and broken groups and sub-groups will finally
disappear.  Looking to the future, we can predict that
the groups of organic beings which are now large and
triumphant, and which are least broken up, that is,
which as yet have suffered least extinction, will for a
long period continue to increase. But which groups
will ultimately prevail, no man can predict; for we
well know that many groups, formerly most extensively -
developed, have now become extinct. Looking still
more remotely to the future, we may predict that,
owing to the continued and steady increase of the larger
groups, a multitude of smaller groups will become
utterly extinet, and leave no modified descendants ; and
consequently that, of the species living at any one period,
extremely few will transmit descendants to a remote
futurity. I shall have to return to this subject in the
chapter on Classification, but I may add that on this
view of extremely few of the more ancient species
having transmitted descendants, and on the view of all
the descendants of the same species making a class,
we can understand how it is that there exist but very
few chaea in each main division of the animal and
Although ly few of the

most ancient species now have living and “modified de=
scendants, yet, at the most remote geological period,
the earth may have been as well peopled with many
species of many genera, families, orders,undcheael,w
at the present day.

On the Degree to which Organisation tends to advance,

Natural leleeuuu leiz, as we luv9 seen, uxclnmvaly
the p
have been benaﬁcn.l under the nrgamc and morglni&
conditions of life to which each creature has been ex-
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d at each successive period of time. The ultimate
It is that each creature tends to become more and
e improved in relation to its conditions of life. This
vement inevitably leads to the gradual advance-
it of the organisation of the greater number of living
gs throughout the world. But here we enter on a
ery intricate subject, for naturalists have not defined
each other’s satisfaction what is meant by an advance
L organisation. Amongst the vertebrata the degree of
and an approach in structure to man clearly
e into play. It might be thought that the amount
[ change which the various parts and organs pass
hoin their development from the embryo to
urity would suffice as a standard of comparison ; but
e are cases, as with certain parasitic crustaceans, in
h several parts of the structure become less perfect,
 that the mature animal cannot be called higher than
larva,  Von Baer's standard seems the most widely

pplicable and the best, namely, the amount of differ-
tion of the different parts of the same organic
(and, as I should be inclined to add, in the adult
and their specialisation for different fimetions;
Milne Edwards would expressit, the completeness
division of physiological labour. But we shall

liow obscure a subject this is if we look, for instance,
amongst which some naturalists rank those
which, like the sharks, approach nearest to
iles ; whilst other naturalists rank the common bony
ean fishes as the highest, inasmuch as they are
st strictly fish-like, and differ most from the other
rate classes. Still more plainly we see the

y of the subject by turning to plants, amongst
the standard of intellect is of course quite
d; and here some botanists rank those plants
est which have every organ, as sepals, petals,
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stamens, and pistils, fully developed in each flower;
whereas other botanists, probably with more truth, look
at the plants which have their several organs much
modified and somewhat reduced in number as being of
the highest rank.

If we look at the dxﬁ‘erenunmm and specialisation
of the several organs of each being when adult (and
this will include the advancement of the brain for
intellectual purposes) as the best standard of highness
of organisation, natural selection clearly leads towards
highness; for all physiologists admit that the sp
tion of organs, inasmuch as they perform in this state
their functions better, is an advantage to each being;
and hence the accumulation of variations tending
towatds specialisation is within the scope of natural
selection.  On the other hand, we can see, bearing in
mind that all organic beings are striving to increase af
a high ratio and to seize on every ill-occupied place in
the economy of nature, that it is quite possible for
natural selection gradually to fit an organic being to &
situation in which several organs would be superfluous
or useless : in such cases there might be retmgremm!
in the scale of isati ‘Whether i
the whole has actually advanced from the remoted
geological periods to the present day will be more
conveniently discussed in our chapter on Geological
Succession.

Baut it may be objected that if all organic beings thus
tend to rise in the scale, how is it that throughout the
world a multitude of the lowest forms still exist; and
how is it that in each great class some formsa!e
more highly developed than others? Why have not the
more highly developed forms everywhere supplanted
and exterminated the lower? Lamarck, who believed
in an innate and inevitable tendency towards perfection
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in all organic beings, seems to have felt this difficulty so
strongly, that he was led to suppose that new and simple
were continually being produced by spontancous
Tatic I need hardly say that Science in her pre-
state does not countenance the belief that living
are now ever produced from inorganic matter.
nmy theory the present existence of lowly organised

productions offers no difficulty ; for natural selection in-
10 necessary and universal law ofndvnncement or

it only takes ad ge of such

iﬁn and are beneficial to each creature under its
relations of life. And it may be asked what
ge us fnrasweomsee, wonldltbema.n infu-
o an i i even to
earth-worm, to be highly organised ? If it wer® no
ntage, these forms would be left by natural selection
proved or but little improved ; and might remain
finite ages in their present little advanced con-
And geology tells us that some of the lowest
s the infusoria and rhizopods, have remained for
mous period in nearly their present state. But
ppose that most of the many now existing low forms
not in the least advanced since the first dawn of
ould be rash ; for every naturalist who has dissected

me of the beings now ranked as very low in the scale,
st have been struck with their really wondrous and

aly the same remm-ks are applicable if we look to
existing differences in the grades of organi-
which occur within almost every great group;
mce, to the co-existence of mammals and fish

mbnm,—w the co-existence of man and the
1 | ongst i of the shark
¢ (Bnnchlosmmn), which latter fish in the
simplicity of its structure approaches the
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invertebrate classes. But mammals and fish hardly.
come into competition with each other; the advance-
ment of certain mammals or of the whole elass to tl
highest grade of organisation would not lead to
taking the place of, and thus
Physiologists believe that the brain must be btdmd

warm blood to be highly active, and this requires agri
respiration; so that warm-blooded mammals whe
inhabiting the water live under some disadvantage
compared with fishes. In this latter class, member
of the shark family would not, it is probable, tend to
supplant the lancelet ; the struggle for existence in
case of the lancelet apparently will lie with meml
of the invertebrate classes. The three lowest orders
marfimals, nnmoh, marrmpmls, edentata, and rods
co-exist in th America in the same region
numerous monkeys, and probably interfere little
each other. Although organisation, on the whole, m
have advanced and be advancing throughout the w
yet the scale will still present all degrees of perfecti
for the high advancement of certain whole classes, or.

certain members of each class, does not at all necessarily
lead to the extinction of those groups with which they
do not enter into close competition. In some cases, as
we shall hereafter see, lowly organised forms seem
have been preserved to the present day from inhabitin
peculiar or isolated stations, where they have b

subjected to less severe competition, and where th
have existed in scanty numbers, which, as a
explained, retards the chance of favourable v

arising.

mally, T believe that lowly organised forms
exist in numbers throughout the world, and in nearl;
every class, from various causes. In some cases favour
able variations may never have arisen for natural
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ion 10 act on and accumulate. In no case, probably, has
sufficed for the utmost possible amount of develop-
In some few cases there may have been what
must call retrogression of organisation. But the
in causo lies in the circumstance that under very
conditions of life a high organisation would be
service,—possibly would be of actual disservice,
f a more delicate nature, and more liable to
out of order and thus injured.

difficulty, diametrically opposite to this which we
e just been considering, has been advanced, namely,
lnoh'ng to the dawn of life, when all organic beings,
may imagine, presented the simplest structure,
w could the first steps in advancement or in_the
tiation and specialisation of parts have arisen?
. Herbert Spencer would probably answer that as
as the simple unicellular organism came by
th or division to be compounded of several cells,
came attached to any supporting surface, his law
uld come into action, namely, “that homologous
of any order become differentiated in proportion
ir relations to incident forces become different.”
as we have no facts to guide us, all speculation
e subject is useless. It is, however, an error to
e that there-would be no struggle for existence,
consequently, no natural selection, until many
had been produced : variations in a single species
g an isolated station might be beneficial, and,
h their preservation, either the whole mass of
might become modified, or two distinet forms
arise. But, as I remarked towards the close of the
ction, no one ought to feel surprise at much re-

g as yet unexplained on the origin of species, if
e be made for our profound ignorance on

"
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the mutual relations of the inhabitants of the world
during the many past epochs in its history.
Various Objections considered.

I will here notice a few miscellaneous objectio
which have been advanced against my views, as som
of the previous discussions may perhaps thus be m
clearer; but it would be useless to discuss all of th
as they have been made by writers who have not tak
the trouble to understand my views. Thus a distin-
guished German naturalist has recently asserted that the
weakest part of my theory is, that I consider all organie
beings as imperfect : what I have really said is,
all are not as perfect in relation to the conditions
which they live, as they might bé; and this is s
to be the case by so many native forms yielding tl
places in many quarters of the world to intruding
naturalised foreigners. Nor can all organic beings,
if at any one time perfectly adapted to their condif
of life, remain so, when these conditions slowly ch
and no one will dispute that the physical conditions
each country, as well as the number and kind of its i
habitants, are liable to change. Thus again, a Frenl
author, in opposition to the whole tenor of this volu
assumes that, according to my view, species
great and. abrupt changes, and then he triumpha
asks how this is possible, secing that such modifie
forms would be crossed by the many which have 1
mained unchanged. No doubt the small changes.
variations which do occur are incessantly checked an
retarded by intercrossing ; but the frequent exists
varieties in the same country with the parent sp
shows that crossing does not necessarily prevent
formation ; and in the still more frequent cases of lo
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orms or geographical races, crossing cannot come into
y- It should also be borne in mind that the offspring
a cross between a modified and unmodified species
s partially to inherit the characters of both parents,
natural selection assuredly will preserve even slight
oaches to any change of structure which is beneficial.
wer such crossed offspring, from partaking of the
constitution with the modified parent, and from
still exposed to the same conditions, will be far
e liable than other individuals of the same species
to vary or be modified in a similar manner,
Tas been argued that, as none of the animals and
of Egypt, of which we know anything, have
during the last 3000 years, so probably none
been modified in any other part of the world.
fhe many animals which have remained unchanged
e the commencement of the glacial period would
been an incomparably stronger case, for these
been exposed to great changes of climate and
we migrated over great distances; whereas, in Egypt,
g the last 3000 years, the conditions of life, as
we know, have remained absolutely uniform. The
of little or no modification having been effected
¢é the glacial period would be of some avail against
who believe in the existence of an innate and
iy law of development, but is powerless against
octrine of natural selection, which implies only that
Hions occasionally occur in single species, and that
when favourable are preserved ; but this will oceur
t long intervals of time after changes in the con-
us of each country. As Mr. Fawcett has well asked,
vould be thought of a man who argued that, be-
ke could show that Mont Blanc and the other
peaks had exactly the same height 3000 years
at present, q that these i
"2
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had never been slowly upraised, and that the height of
other mountains in other parts of the world had not
recently been increased by slow degrees ?

It has been objected, if natural selection be so pow-
erful, why has not this or that organ been recently
modified and improved? Why has not the proboscis
of the hive-bee been lengthened so as to reach the
nectar of the red-clover? Why has not the ostrich
acquired the power of flight ? But granting that these
parts and organs have vavied in the right direction—
granting that there has been time sufficient for the slow
work of natural selection, checked as it will be by inter-
erossing and the tendency to reversion, who will pretend
that he knows the natural history of any one organic
being sufficiently well to say that any particular change
would on the whole be to its advantage? Can we feel
sure that a long proboscis would not be a disadvantage
to the hive-bee in sucking the innumerable small flowers
which it frequents ? Can we feel sure that a long pro-
boscis would not, by correlation of growth, almost ne
cessarily give increased size to other parts of the mouth
perhaps interfering with the delicate cell-constructing
work ? In the case of the ostrich, a moment’s reflection
will show that an enormous supply of food would be
necessary in this bird of the desert, to supply force
move its huge body throngh the air. But such ill-con-
sidered objections are hardly worth notice.

The celebrated paleontologist, Professor Bronn, in his
German translation of this work, has advanced various
good objections to my views, and other remarks in its’
favour. Of the objections, some seem to me unin
portant, some few are owing to misapprehension,
gome are incidentally noticed in various parts of thi
volume. On the erroneous supposition that all th
species of a region are believed by me to be changi
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at the same time, he justly asks how it is that all the
forms of life do not present a fluctuating and inextri-
cably confused body ? but it is sufficient for us if some
forms at any one time are variable, and few will
e that this is the case. He asks, how, on the
ple of natural selection, can a variety live in
undance side by side with the parent-species; for a
ty during its formation is supposed to supplant
intermediate forms between itself and the parent-
ies, and yet it has not supplanted even the parent-
for both now live together? If the variety and
mt-species have become fitted for slightly different
& of life, they might live together; though, in the
e of animals which freely cross and move about,
ieties seem to be almost always confined to distinet
calities. But is it the case that varieties of plants and
tlw lower animals are often found in abundance side
side with the parent-forms? Laying aside poly-
phic s])ecles, in wlurh mnumerable variations seem
to the species,
luve not been ﬁxed laying aside also temporary
tions, such as nlbmmm, &e., my impression is that
and the supposed parent-species are generally
inhabiting distinet stations, high land or low land,
moist districts, or distinct regions.
in, Professor Bronn truly remarks, that distinet
do not differ from each other in single cha~
aeters alone, but in many ; and he asks, how it comes
at natural selection should always have simultaneously
cted many parts of the organisation ? Prabably the
amount of di has not been

; and the unknown laws of correlation will
uly account for, but not strictly explain, much
eous modification. Anyhow, we see in our
¢ varieties the very same fact: though our do-
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mestic races may differ much in some one organ from
the other races of the same species, yet the remaining
parts of the organisation will always be found in some
degree different. Professor Bronn likewise asks with
striking effect how, for instance in the mouse or hare
genus, can natural selection account for the several
species (descended, I may remark, from a parent of
unknown character) having longer or shorter tails,
longer or shorter ears, and fur of different colours;
low can it account for one species of plant having
pointed and another species blunt leaves? I can give
no definite answer to such questions; but I might ask:
in return, were these differences, on the doctrine of
independent creation, formed for no purpose? If of use,
or if due to correlation of growth, they could assuredly
be formed through the natural preservation of such
useful or correlated variations. I believe in the doe~
trine of descent with modification, notwithstanding that
this or that particular change of structure cannot be.
accounted for, because this doctrine groups together.
and explains, as we shall see in the later chapters,
many general phenomena of nature.

A distinguished botanist, Mr. H. C. Watson, believes’
that I have overrated the jmportance of the principle of
divergence of character (in which, however, he app
rently believes), and that convergence of character, as
it may be called, has likewise played a part. This is
an intricate subject which need not be here discus
Iwill only remark that if two species of two clo
allied genera produced a number of new and dive
species, I can believe that these new forms might
times approach each other so closely that they w
for convenience’ sake be classed in the same new
and thus two genera would converge into one;
from the strength of the principle of inheritance,
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18 hardly credible that the two groups of new species
d not at least form two sections of the supposed
single genus.

Mr. Watson has also objected that the continued
ion of natural selection with divergence of character
tend to make an mdehmte number of specific forms
far as mere i d,
1s probable that a sufficient nnmber of species wonld
become adapted to all considerable diversities of
it, moisture, &c. ; but I fully admit that the mutual
s of organic beings are more important ; and as
e number of species in any country goes on increasing,
@ organic conditions of life become more and more
lex.  Consequently there seems at first sight no
it to the amount of profitable diversification of strue-
and therefore no limit to the number of species
h might be produced. ‘We do not know that even
most prolific avea is fully stocked with specific
at the Cape of Good Hope and in Australia,

shows us, that from an early part of the long
period the number of species of shells, and that
the middle part of this same period the number
mmals, has not greatly or at all increased. What
checks an indefinite increase in the number of
es? The amount of life (I do not mean the
of specific forms) supported on any area must
a limit, depending so largely as it does on physical
; therefore, if an.area be inhabited by very
species, each or nearly each species will be repre-
by fow individuals ; and such species vill be
ion from aceid

e of the seasons or in the number of thmr
The process of extermination in these cases

'
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will be rapid, whereas the production of new species
must always be slow. Imagine the extreme case of as
many species as individuals in England, and the first
severe winter or very dry summer would exterminate
thousands on thousands of species. Rare species, and
cach species will become rare if the number of species
become in any country indefinitely increased, will, on
the principle often explained, present within a given
period few favourable variations ; consequently, the pro-
cess of giving birth to new apeclﬂc forms will thus be.
retarded. When any species becomes very rare,
interbreeding will help to exterminate it; at least aun=
thors have thought that this comes into play in account-
ing for the deterioration of Aurochs in Lithuania,
Red Deer in Scotland, and of Bears in Norway, &e.
As far as animals are concerned, some species are
closely adapted to prey on some one other organism ;.
but if this other organism had been rare, it would no
have been any advantage to the animal to have 3
produced in elose relation to its prey : therefore, it would
not have been produced by natural selection. Lastl,

and this T am inclined to think is the most importan
element, a dominant species, which has already b
many eompetitors in its own home, will tend to s

where, apparently, there are many invaders from
ferent quarters of the world, the endemic A:
species have been greatly reduced in number. Ho
much weight to attribute to these several considerati
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Ido not pretend to assign; but conjointly they must
limit in each country the tendency to an indefinite
gmentation of specific forms,

Summary of Chapter,

 If, during the long course of ages and under varying,
itions of life, organic beings vary at all in the
eral parts of their organisation, and I think this
be disputed; if there be, owing to the high
ometrical ratio of increase of each species, a severe
gle for life at some age, season, or year, and this
nly cannot be disputed ; then, considering the in-
complexity of the relations of all organic beings
each other and to their conditions of existence, caus-
an infinite diversity-in structure, constitution, and
to be advantageous to them, it would be a most
linary fact if no variation had ever occurred
to each being’s own welfare, in the same manner
0 many variations have occurred useful to man. But
ations useful to any organic being do ever oceur,
redly individuals thus characterised will have the
chance of being preserved in the struggle for life ;
from the strong principle of inheritance, they will
to produce offspring similarly characterised. This
ple of preservation I have called, for the sake of
, Natural Selection. Tt leads to the improve-
of each creature in relation to its organic and
mie conditions of life; and consequently, in most
o what must be regarded -as an advance in or-
Nevertheless low and simple forms would
lure if well fitted for their simple conditions of

selection, on the principle of qualities being

d at corresponding ages, can modify the egg,

l, or young, as easily as the adult. Amongst many
H3
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animals, sexual selection will give its aid to ordinary
selection, by assuring to the most vigorous and best
adapted males the greatest number of offspring. Sexual
selection will also give characters useful to the males
alone, in their struggles with other males.

‘Whether natural selection has really thus acted in
nature, in modifying and adapting the various forms
of life to their several conditions and stations, must be
judged of by the general tenor and balance of evidence
given in the following chapters But we already see
how it entails extinetion; and how largely extinction
has acted in the world's history, geology plainly de-
clares. Natural selection, also, leads to divergence of
character ; for the more organic beings diverge in strue-
ture, habits, and constitution, by so much a greater
number can be supported on the same area,—of which
we see proof by looking to the inhabitants of any small
spot or to naturalised productions. Therefore, during
the modification of the descendants of any one species,
and during the incessant struggle of all species to
increase in numbers, the more diversified these de-
scendants become, the better will be their chance of
succeeding in the battle for life. Thus the small dif-
ferences distinguishing varieties of the same species,
steadily tend to increase till they come to equal the
greater differences between species of the same genus,
or even of distinct genera.

larger genera within each class, which vary most; and
these tend to transmit to their modified oﬁ‘iprmg
superiority which now makes them dominant in
own countries. Natural selection, as has just been
murLcd, leads to divergence of character nml to m

ion of the less i d and i

P
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SUMMARY,

of life. On these principles, the nature of the affinities,
~and the generally well-defined distinetions of the in-
‘numerable organic beings in each class throughout the
orld, may be explained. It is a truly wonderful fact
—the wonder of which we are apt to overlook from
familiarity—that all animals and all plants throughout
time and space should be related to each other in
group subordinate to group, in the manner which we
ywhere behold—namely, varieties of the same
ies most closely related together, species of the
genus less closely and unequally related together,
g sections and sub-genera, species of distinct
much less closely related, and genera related
n different degrees, forming sub-families, families,
sub-classes, and classes. The several subordinate
n in any class cannot be ranked in a single file,
it seem rather to be clustered round points, and these
d other points, and so on in almost endless cycles.
the view that each species has been independently
eated, I can see no uplmmtlon of this great fact in
n!mﬂmmm of all organic beings; but, to the best
of my jud it is explained through ink
the complex action of natural selection, entailing
ion and divergence of character, as we have seen
in the diagram.

The affinities of all the beings of the same class have
ometimes been represented by a great tree. I believe
simile largely speaks the truth. The green and
g twigs may represent - existing species; and
produced during each former year may represent
o long succession of extinct speciés. At each period
f h all the growing twigs have tried to branch

on all sides, and to overtop and kill the sumundmg
and bmnches, in the same manner as species and
ps of species have tried to overmaster other species

NEEL o 75 ol W sl o b R e DY BP R (O Al



156 NATURAL SELECTTON. Cuar. IV

in the great battle for life. The limbs divided into
great branches, and these into lesser and lesser branches,
were themselves once, when the tree was small, budding
twigs; and this connexion of the former and present
buds by ramifying branches may well represent the
classification of all extinct and living species in groups
subordinate to groups. Of the many twigs which flou-
rished when the tree was a mere bush, only two or
three, now grown into great branches, yet survive and
bear all the other branches; so with the species which
lived during long-past geological periods, very few now
have living and modified descendants. From the first
growth of the tree, many a limb and branch has decayed:
and dropped off; and these lost branches of various
sizes may represent those whole orders, families, and
genera which have now no living representatives, and
which are known to us only from being found in a
fossil state. As we here and there see a thin straggling |
branch springing from a fork low down in a tree, and
which by some chance has been favoured and is still
alive on its summit, so we occasionally see an animal
like the Ornithorhynchus or Lepidosiren, which in
some small degree connects by its affinities two large
branches of life, nnd which has appmenﬂy been saved
from fatal by having inhabited a p

station, As buds give rise by growth to fresh buds and
these, if vigorous, branch out and overtop on all sides
many a feebler branch, so by generation T believe it
has been with the great Tree of Life, which fills with
its dead and broken branches the crust of the earth,
and covers the surface with its ever-branching and
beautiful ramifications. i
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CHAPTER V.

Laws or VARiaTioy.

ts of external conditions— Use and disuse, combined with
 matural selection ; organs of flight and of vision—Acolimatisa-
 tion—Currelation of growth — Compensafion and coonomy of

M and lowly
 onganised structures variable—Parts developed in an unusual
‘manner are highly variable: specific characters more variable
than generic: secondary sexual characters variable—Species of
the same genus vary in an analogous manner—Reversions to
long-lost characters—Summary.

VE hitherto sometimes spoken as if the variations
o common and multiform in organic beings under
e tion, and in a lesser degree in those in a state
ture—had been due to chance. This, of course, is
ly incorrect expression, but it serves to acknow-
plainly our ignorance of the cause of each parti-
ar variation. Some authors believe it to be as much
function of the reproductive system to produce
al differences, -or very slight deviations of
e, as to make the child like its parents. But
much greater variability, as well as the greater
of monstrosities, under domestication or cul-
than under nature, leads to the belief that
of structure are in some way due to the
of the conditions of life, to which the parents
eir more remote ancestors have been exposed
g several generations. I have remarked in the
mpter—but a long catalogue of facts which cannot

given would be necessary to show the truth of
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the k—that the ive system is eminentl;
susceptible to changes i in the conditions of life; and to
this system being functionally disturbed in the paranh,
I chiefly attribute the varying or plastic condition of
the offspring. The male and female sexual elements.
seem to be affected before that union takes place which
is to form a new being. In the case of bud-variations,
or “sporting” plants as they are often called, the bud,
which in its earliest condition does not apparently differ
essentially from an ovule, is alone affected. But why,
because the reproductive system is disturbed, this or
that part should vary more or less, we are profoundly.

orant. Nevertheless, we can here and there dimly
catch a faint ray of light, and we may feel sure that
there must be some canse for each deviation of structure,
however slight.

How much direct effect difference of climate, food,
&e., produces on any being is extremely doubtful. My
impression is, that the effect is small in the case of
animals, but more in that of plants. We may, at least,
safely conclude that such influences cannot have pro-
duced the many striking and complex co-adaptations
of structure between one organic being and another,
which we see everywhere throughout nature. Some
little influence may be attributed to climate, food, &e. s
thus, E. Forbes speaks confidently that shells at their
southern limit, and when living in shallow water, vary
and become more brightly coloured than those of
the same species farther north or from greater depths,
Gould believes that birds of the same species are more:
brightly coloured under a clear atmosphere, than when
living on islands or near the coast. So with insects:
Wollaston is convinced that residence near the sea
affects their colours. Moquin-Tandon gives a list of
plants which when growing near the sea-shore have
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leaves in some degree fleshy, though not elsewhere
eshy. Several other such cases conld be given.
The fact of varieties of one species, when they range
the zone of habitation of other species, often ac-
g in a very slight degree some of the characters
such species, accords with our view that species of
ll kinds are only well-marked and permanent varieties.
lhus the species of shells which are confined to tropical
shallow seas are generally brighter-colored than
e confined to cold and deeper seas. The birds which
ire confined to continents are, according to Mr. Gould,
ghter-coloured than those of islands. The insect-
s confined to sea-coasts, as every collector knows,
often brassy or lurid. Plants which live exclusively
on the sea-side are very apt to have fleshy leaves. He
believes in the creation of each species, will have
say that this shell, for instance, was created with
ht colours for a warm sea; but that this other shell
e bright-coloured by variation when it ranged
warmer or shallower waters.
‘When a variation is of the slightest use to a being,
e cannot tell how much of it to attribute to the accu-
alative action_of natural selection, and how much to
conditions of life. Thus, it is well known to far-
ers that animals of the same species have thicker and
er fur the more severe the climate is under which
have lived; but who can tell how much of this
nce may be due to the warmest-clad individuals
been favoured and preserved during many
erati and how much to the direct action of
severe climate? for it would appear that climate
some direct action on the hair of our domestic

es could be given of the same variety being
luced under conditions of life as different as can

@) The Comblete Work of Charles Darwin Online



160 EFFECTS OF USE AND DISUSE. Cuar, V,

well be conceived; and, on the other hand, of different
varieties being produced from the same species under
apparently the same conditions. Such facts show how
indirectly the conditions of life act. Again, innumerable
instances are known to every naturalist of species keep-
ing true, or not varying at all, although living under
the most opposite climates. Such considerations as
these incline me to lay very little weight on the direct
action of the conditions of life. Indirectly, as already
remarked, they seem to play an important part in
affecting the reproductive system, and in thus inducing
variability ; and natural selection will then accumulate.
all profitable variations, however slight, until they be-
come plainly developed and appreciable by us.
In a far-fetched sense, however, the conditions of life
may be said, not only to cause variability, but likewise
to inelude natural selection; for it depends on the
nature of the conditions whether this or that variety
shall be preserved. But we see in selection by man,
that these two elements of change are essentially
distinet ; the conditions under domestication causing
the variability, and the will of man, acting eith
i or iously, ing the varia-
tions in certain definite directions, 1

Effects of Use and Disuse, as controlled by Natural
Selection.

From the facts alluded to in the first chapter, T thi
there can be no doubt that use in our domestic animals
strengthens and enlarges certain parts, and disuse di
nishes them ; and that such modifications are inheri
Under free nature, we can have no standard of com-
parison, by which to judge of the effects of long-
tinued use or disuse, for we know not the parent-forms;
but many animals have structures which can be ex-
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plained by the effects of disuse. As Professor Owen has
remarked, there is no greater anomaly in nature than
bird that cannot fly; yet there are several in this

The logger-headed duck of South America can
ﬂup along the surface of the water, and has its
in nearly the same condition as the domestic
i ylub'ury duck. As the larger ground-feeding birds
dom take flight except to escape danger, I believe
the nearly wingless condition of several birds,
ich now inhabit or have lately inhabited several
ic islands, tenanted by no beast of prey, has been
u by disuse. The ostrich indeed inhabits con-
nents and is exposed to danger from which it cannot
cape by flight, but by kicking it can defend itself
enemies, as well as any of the smaller quadrupeds,
may believe that the progenitor of the ostrich
8 had habits like those of a bustard, and that, as
1 selection increased in successive generations
size and weight of its body, its legs were nsed
e, and its wings less, until they became incapable

Kirby has remarked (and T have observed the same
ct) that the anterior tarsi, or feet, of many male dung-
beetles are very oftgn broken off; he examined
{ specimens in hig own collection, and not one

even a relic left. In the Onites apelles the tarsi

ed beetle of the Egyptmna, they are totally defi-
The evidence that accidental mutilations can
ed is at present not quite decisive; but the
le case observed by Brown-Séquard of epilepsy
by injuring the spinal chord of guinea-pigs,
inherited, should make us cautious in denying
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such power. -So that it will perhaps be safest to look
at the entire absence of the anterior tarsi in Ateuchus,
and their rudimentary condition in some other genera,
as due to the long-continued effects of disuse in their
progenitors; for as the tarsi are almost always lost in
many dung-feeding beetles, they must be lost early in
life, and therefore cannot be of much importance or be
much used by these insects.
In some cases we might easil it down to disuse
modifications of structure which are wholly, or main]
due to natural selection. Mr. Wollaston has discovered
the remarkable fact that 200 beetles, out of the 550
species (but more are now known) which inhabit Ma-
deira, are so far deficient in wings that they canno
fly; and that, of the twenty-nine endemic genera, no.
less than twenty-three genern have all their species
this condition! Several facts,—namely, that beetles it
many parts of the world are frequently blown to
and perish; that the beetles in Madeira, as observed
Mr. Wollaston, lie much concealed, until the wind lull
and the sun shines; that the proportion of gle
beetles is larger on the exposed Desertas than in Ma-
deira itself; and especially the extraordinary fact,
strongly insisted on by Mr. Wollaston, of the almost
entire absence of certain large groups of beetles, @

mainly due to the action of natural selection, but com-
bined probably with disuse. For during many
cessive generations each individual beetle which fl
least, either from its wings having been ever so
less perfectly developed or from indolent habit,
have had the best chance of surviving from not
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illmm out to sea; and, on the other hand, those beetles

en blown to sea and thus have been destroyed.
The insects in Madeira which are not ground-feeders,
d which, as the flower-feeding ooleoptem and lepidop~
ta, must habitually use their wings to gain their subsist-
, have, as Mr. Wollaston suspeets, their wings not
all reduced, but even enlarged. This is quite com-
ble with the action of natural selecuon For when

natural selection to enlarge or to reduce the wings,
ould depend on whether a greater number of indivi-
5 were saved by successfully battling with the winds,
by giving up the attempt and rarely or never flying.
with mariners shipwrecked near a coast, it would
e been better for the good swimmers if they had
n able to swim still further, whereas it would have
gen better for the bad swimmers if they had not been
to swim at all and had stuck to the wreck.
e eyes of moles and of some burrowing rodents are
itary in size, and in some cases are quite covered
by skin and fur. This state of the eyes is probably
to gradual reduction from disuse, but aided perhaps
al selection. In South America, a burrowing
the tuco-tuco, or Ctenomys, is even more subter-
n in its habits than the mole; and I was assured
Spaniard, who had often conght them, that they
frequently blind ; one which I kept alive was cer~
ly in this condmun, the cause, as appeared on dis-
fion, having been inflammation of the nictitating
e. As frequent inflammation of the eyes must
to any animal, and as eyes are certainly
e to animals with subterranean habits,
tion in their size, with the adhesion of the eye-
growth of fur over them, might in such case be
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an advantage; and if so, natural selection would con-
stantly aid the effects of disuse.
Tt is well known that several animals, belonging to the
most different classes, which inhabit the caves of Carni
ola and of Kentucky, are blind.  In some of the crabs the
foot-stalk for the eye remains, though the eye is gonej
the stand for the telescope is there, though the telescoy
with its glasses has been lost. As it is difficult to ima~
ine that eyes, though useless, could be in any way
injurious to animals living in darkness, T attribute theis
loss wholly to disuse. In one of the blind animals,
namely, the cave-rat (Neotoma), two of which were cap=
tured by Professor Silliman at above half a mile distance
from the mouth of the cave, and therefore not in the.
profoundest depths, the eyes were lustrous and of large.
size ; but these animals, as I am informed by Professor.
Silliman, having been exposed for about a month to &
graduated light, acquired a dim perception of objecﬁ
when brought towards their eyes, and blinked.
Tt s difficult to imagine conditions of life mors
lar than deep limestone caverns under a nearly
climate ; so that, on the common view of the blind
mals having been separately created for the Amerie
and European caverns, very close similarity in the
organisation and affinities might have been expecte
TThis is certainly not the case if we look at the two who
faunas; and with respect to the msects alone, Schmd
has ked, “We are
the entire ph lon in nmy other 1
than somethmg purely local, and the similarity which
exhibited in a few forms between the Mammoth cave
(in Kentucky) and the caves in Carniola, othe
than as a very plain expression of that analogy Wl
subsists generally between the fauna of Europe an
North America.” On my view we must suppose
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n animals, having in most cases ordinary powers
vision, slowly migrated by successive generations from
outer world into the deeper and deeper recesses
the Kentucky caves, as did European animals into

e caves of Europe. We have some evidence of this
dation of habit; for, as Schitdte remarks, “We
gly look upon the subterranean faunas as small
ions which have p d into the earth
from the geographically limited faunas of the adjacent
tracts, and which, as they extended themselves into
d ess, have been accommodated to surrounding cir-
mces.  Animals not far remote from ordinary
pare the transition from light to darkness.
follow those that are constructed for twilight ;
last of all, those destined for total darkness, and
formation is quite peculiar.”  These remarks of
odte’s, it should be understood, apply not to the
but to distinet species. By the time that an
had reached, after numberless generations, the
recesses, disuse will on this view have more
perfectly obliterated its eyes, and natural
ion will often have effected other changes, such as
increase in the length of the antennm or palpi, as
comy ion for blindness, Notwithstanding such
cations, we might expect still to see in the cave-
ls of Americs, affinities to the other inhabitants
continent, and in those of Europe to the inha-
s of the European continent. And this is the case
some of the American cave-animals, as I hear
Professor Dana; and some of the Enropean cave-
t§ are very closely allied to those of the surround-
ountry. It would be most difficult to give any
explanation of the affisiities of the blind cave-
to the other inhabitants of the two continents
ordinary view of their independent creation.
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That several of the inhabitants of the caves of the
Old and New Worlds should be closely related, we
1hight expect from the well-known relationship of most
of their other productions. As a blind species of
Bathyscia is found i in lblmdnnee on shady rocks far from

prived of vision should readily become adapted to darl
caverns, Another blind genus (Anophthalmus) of
this remarkable peculiarity : the several distinct
as Mr. Murray has remarked, inhabit several dis
European caves and likewise those of Kentucky, an
the genus is found nowhere except in caves; but
is possible that the progenitor or progenitors of
several species, whilst furnished with eyes, forms
may have ranged widely over both continents, L
since (like the elephant on both continents) ha

become extinet, excepting in their present secluds

abodes, Far from feeling surprise that some of th
cave-animals should be very anomalous, as Agassiz
remarked in regard to the blind fish, the Ambly
and as is the case with the blind I’mtenn with refe
to the reptiles of Europe, I am only surprised that

to the less severe P
of these dark abodes must have been exposed.
Acclimatisation.
Halmuheredxury with plants, as in the period
flowering, in the amount of rain requisite for seeds te
germinate, in the time of sleep, &e., and this leads
to say a few words on acclimatisation. As it is
tremely common for species of the same genus to i
hot and cold countries, and as I believe that all
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ACCLIMATISATION.

‘species of the same genus haye descended from a single
parent, if this view be correct, acclimatisation must be
readily effected during long-continued descent, It is
ous that each species is adapted to the climate of ~
s own home : species from an arctic or even from a tem-
te mgmn cannot endure a tropical elimate, or con-
So again, many succulent plants cannot endure
damp climate. But the degree of adnpmtmn of species
o the climates under which they live is often overrated.
‘e may infer this from our frequent inability to pre-
whether or not an imported plant will endure our
ate, and from the number of plants and animals
brought from warmer countries which here enjoy good
X We have reason to believe that species in a

‘more than, by adaptation to particular climates. But
er or not the adaptation be generally very close,

W hve evidence, in the case of some few plants, of their
2, to a certain exbent, naturslly hnbmmﬁed to
nt ised : thus
pines and rhodudendmns raised from seed cnl]ecbed
Dr. Hooker from trees of the same species growing
flerent heights on the Himalaya, were found in
 country to possess different constitutional powers
g cold.  Mr. Thwaites informs me that he has
similar facts in Ceylon; analogous obserya-
have been made by Mr. H. C. Watson on European

cies of plants brought from the Azores to England ;
could give other cases. In regard to animals,
authentic instances could be adduced of species
historical times having-largely extended their
from warmer to cooler latitudes, and conversely ;
we do not positively know that these animals were
adapted to their native climate, yet in all ordi-
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nary cases we assume such to be the ecase; nor do we
Xnow that they have subsequently become specially
acelimatised to their new homes, so as to be better fitted
for them than they were at first.

As we may infer that our domestic animals were origin-

t.rmsportahon, the common and extraordinary capacity
in our domestic animals of not only withstanding the
most different climates, but of being perfectly fe
(a far severer test) under them, may be used as a
argument that a large proportion of other animals now
in a state of nature could easily be brought to
widely different climates. 'We must not, however,
the foregoing argument too far, on account of the
bable origin of some of our domestic animals fi
several wild stocks : the blood, for instance, of a trop
and arctic wolf or wild dog may perhaps be mingled
our domestic breeds. The rat and mouse cannot b
considered as domestic animals, but they have b
transported by man to many parts of the world,
now have a far wider range than any other
living free under the cold climate of Faroe in
north and of the Falklands in the south, and on
islands in the torrid zones. Hence I am inclined
look at adaptation to any special climate as a qu
readily grafted on an innate wide flexibility of cor
tion, which is common to most animals. On this
the capacity of enduring the most different climates by
man himself and by his domestic animals, and such fae
as that former species of the elephant and rhing
were capable of enduring a glacial climate, whereas
living species are now all tropical or sub-tropical
their habits, ought not to be looked at as anomalies, b
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‘merely as exnmp]us of a very common flexibility of consti-
ition, brought, under peculiar circumstances, into action.
- How much of the acclimatisation of species to any.
;mnlur climate is due to mere habit, and how much to
the natural selection of varieties having different innate
constitutions, and how much to both means combined,
8 an obscure question. That habit or custom has some
nce I must believe, both from analogy and from
incessant advice given in agricultural works, even
in the ancient Encyclopedias of China, to be very can-
tious in transposing animals from one district to an-
3 for it is not likely that man should have suc-
d in selecting so many breeds and sub-breeds with
tutions specially fitted for their own districts: the
it must, I think, be due to habit. On the other
and, I can see no reason to doubt that natural selection
ill continually tend to preserve those individuals which
re born with constitutions best adapted to their native
ntries. In treatises on many kinds of cultivated
certain varieties are said to withstand certain
tes better than others: this is very strikingly
n in works on fruit-trees published in the United
in which certain varieties are habitually recom-
ended for the northern and others for the southern
ates ; and as most of these varieties are of recent
ﬁley cannot owe their constitutional differences
The case of the Jerusalem artichoke, which
propagated in England by seed, and of which
sequently new varieties have not been produced, has
en been advanced—for it is now as tender as ever it
proving that acclimatisation cannot be effected !
e, also, of the kidney-bean has been often cited for
purpose, and with much greater weight; but
il some one will sow, during a score of generations,

e s 80 early that a very large pmyanmn
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are destroyed by frost, and then collect seed from the
few survivors, with care to prevent accidental crosses,
and then again get seed from these seedlings, with the
same precautions, the experiment cannot be said to
]mve been even tned Nor let it be supposed that no.
in the of seedling kidney-be

ever appear, for an account has been pubhshed how
much more hardy some seedlings were than others ; and.
of this fact I have myself observed a striking inmnec.l
On the whole, I think we may conclude that habit,
use, and disuse, have, in some cases, played a consid
able part in the modification of the constitution, a
of the structure of various organs; but that the ef
of use and disuse have often been largely coml
with, and sometimes overmastered by, the natural se
tion of innate variations.

Correlation of Growth.
I mean by this ion that the whole

that when slight variations in any one part occur,
are accumulated through natural selection, other p
become modified. This is a very important subje
most imperfectly understood, and no doubt totally
ferent classes of facts may be here easily confou
togethnr we shall presently see that simple inhe
often gives the false appearanca of correlation.
most obvious instance of real correlation is, that
ations of structure arising in the young or in the
naturally tend to affect the structure of the m
animal; in the same manner as any malconform
in the early embryo is known seriously to affect the
whole organisation of the adult. The several parts o
the body which are homologous, and which, at an eax]
embryonic period, are identical in structure, and whi
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are necessarily exposed to similar conditions, seem emi-
nently liable to vary in a like manner: we see this in
ho right and left sides of the body varying in the same
manner; in the front and hind legs, and even in the
Jwws and limbs, varying together, for the lower jaw is
ieved by some to be homologous with the limbs
These tendencies, I do not doubt, may be mastered
more or less completely by natural selection: thus a
family of stags once existed with an antler only on one
side; and if this had been of any great use to the breed,
it might probably have been rendered permanent by
natural selection.
- Homologous parts, as has been remarked by some
authors, tend to cohere ; this is often seen in monstrous
plants; and nothing is more common than the union of
omologous parts in normal structures, as the union
 the petals of the corolla into a tube. Hard parts
seem to affect the forms of adjoining soft parts; it is
ed by some authors that the diversity in the shape
of the pelvis in birds causes the remarkable diversity
the shape of their kidneys. Others believe that the
of the pelvis in the human mother influences by
the shape of the head of the child. TIn snakes,
to Schlegel, the shape of the body and the
er of swallowing determine the position of several
most important viscera.
The nature of the bond of correlation is very fre-
ently quite obscure. M. Is. GeoffroySt. Hilaire has
bly remarked, that certain malconformations very
ly, and that others rarely coexist, without our
able to assign any reason. What can be more
than in cats the relation between complete
with blue eyes and deafness, or between the
hell colour and the female sex; or in pigeons
een their feathered feet and skin betwixt the outer
12
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toes, and between the presence of more or less down
on the young bird when first hatched, with the future
colour of its plumage; or, again, the relation between=
the hair and teeth in the naked Turkish dog, though
here no doubt homology comes into play ? With respect
to this latter case of correlation, I think it can hardly
be accidental, that, if we pick out the two orders of
mammals which are most abnormal in their dermal
covering, viz. Cetacea (whales) and Edentata (arma-
dilloes, scaly ant-eaters, &c.), these are likewise the
most abnormal in their teeth.

I know of no case better adapted to show the im-
portance of the laws of correlation in leading to modi-
fications of important structures, independently of utility.
and therefore of natural selection, than that of the.
difference between the outer and inner flowers in some
Compositous and Umbelliferous plants. Every one
knows the difference in the ray and central florets of,
for instance, the daisy, and this difference is often
accompanied with the abortion of parts of the flower.
But, in some Compositous plants, the seeds also differ
in shape and sculpture ; and even the ovary itself, with
its Aaccessory parts, differs, as has been described by Cnp‘
sini. These differences have been attributed by 501
authors to pressure, and the shape of the seeds in
florets in some C. this idea
but, in the case of tha corolla of the Umbelllfem, is
by no means, as Dr. Hooker informs me, in species wif
the densest heads that the inner and outer flowers m
frequently differ. It might have been thought that,
development of the ray-petals by drawing nouris]
from certain other parts of the flower had caused
abortion; but in some Composita there is a diffe
in the seeds of the outer and inner florets without
difference in the corolla. Possibly these several dij
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‘ences may be connected with some difference in the
ow of nutriment towards the central and external
0 : we know, at least, that in irregular flowers,
e nearest to the axis are said to be oftenest subject
 peloria, and become regular. I may add, as an in-
nce of this, and of a striking case of correlation, that
have recently observed in some garden pelargoniums,
the central flower of the truss often loses the
es of darker colour in the two upper petals; and
when this occurs, the adherent nectary is quite
orted ; when the colour is absent from only one of the
upper petals, the nectary is only much shortened.
‘With respect to the difference in the corolla of the
and exterior flowers of a head or umbel, I do
feel at all sure that C. C. Sprengel's idea that
o ray-florets serve to attract insects, whose agency is
ly advantageous in the fertilisation of plants of
e two orders, is so far-fetched as it may at first
ear: and if it be advantageous, natural selection
ay have come into play. But in regard to the differ-
both in the internal and external structure of the
which are not always correlated with any differ-
in the flowers, it seems impossible that they can
any way advantageous to the plant: yet in the
erw these differences are of such apparent im-
the seeds being in some cases, according to
orthospermous in the exterior flowers and cee-
us in the central flowers,—that the elder De
e founded his main divisions of the order on
8 differences. Hence we see that modifications
o e, viewed by systematists as of high value,
y be wholly dne to unknown laws of co
vth, and without being, as far as we can see, of the
service to the species.
‘may often falsely attribute to correlation of
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growth structures which are common to whole groups
of species, and which in truth are simply due to in-
heritance ; for an ancient progenitor may baye acquired
through nn.tuml selection some  one modification in

tructure, and, after tl of ions, some
other and independent modification; and these two
ions, having been itted to a whole group

of descendants with diverse habits, would naturally be
thought to be correlated in some necessary manuer.
Bo, again, some correlations, occurring throughout whole:
orders, are apparently due to the manmer alone in
which natural selection can act. For instance, Alph.
de Candolle has remarked that winged seeds are never
found in fruits which do not open: I should explain the
rule by the fact that seeds could not gradually become
winged through natural selection, except in fruits which
opened; so that the individual plants producing seeds
which were a little better fitted to be wafted further,
might get an advantage over those producing seed less
fitted for dispersal; and this process could not possibly
go on in fruit which did not open.

Compensation and Eeonomy of Grrowth,

The elder Geoffroy and Goethe propounded, at about
the same period, their law of compensation or balance~
ment of growth; or, as Goethe expressed it, «“in order to
spend on one side, nature is forced to economise on the
other side.” T think this holds true to a certain extent
with our domestic productions: if nourishment flows to.
one part or organ in excess, it rarely flows, at least in ex~
cess, to another part ; thus it is difficult to get a cow to.
give much milk and to fatten readily. The same varieties
of the cabbage do mot yield abundant and nutritious
foliage and a copious supply of oil-bearing seeds. When
the seeds in our fruits become atrophied, the fruit itself
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gains largely in size and quality. In our poultry, a
hl!e tuft of feathers on the head is generally accom-
panied by a diminished comb, and a large beard by
diminished wattles. With species in a state of nature
it can hardly be maintained that the law is of universal
application; but many good observers, more especially
botanists, believe in its truth. I will not, however, here
give any instances, for I see hardly any way of distin-

~another and adjoining part being reduced by this same
process or by disuse, and, on the other hand, the actual
withdrawal of nutriment from one part owing to the
‘excess of growth in another and adjoining part.

I suspect, also, that some cases of compensation which
e been advanced, and likewise some other facts, may
merged under a more general principle, namely, that
tural selection is continually trying to economise in
ery part of the organisation. If under changed con-
of life a structure before useful becomes less
any diminution, however slight, in its develop-
nt, will be seized on by natutal selection, for it will
the individual not to have its nutriment wasted

d a fact with which I was much struck when

g cirripedes, and of which many otheér instances

be given : namely, that when a cirripede is para-
¢ within another and is thus protected, it loses more
ess completely its own shell or carapace. This is
 case with the male Ibla, and in a truly extraordinary
er with the Proteolepas: for the carapace in all
cirripedes consists of the three highly-important
rior segments of the head enormously developed,
furnished with great nerves and muscles; but in
itic and protected Proteolepas, the whole ante-
 of the head is reduced to the merest rudiment
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attached to the bases of the prehensile antennze. Now
the saving of a large and complex structure, when ren-
dered superfluous by the parasitic habits of the Proteo-
lepas, though effected by s]nw ateps, would be a decided
age to each idual of the species;

for in the stroggle for life to which every animal is
exposed, each individual Proteolepaswould have a better
chance of supporting itself, by less nutriment being
wasted in developing a structure now become useless.

Thus, as I believe, natural selection will always sue-
ceed in the long run in reducing and saving every part
of the organisation, as soon as it is rendered by changed
habits of lifo superfinous, without by any means causing
some other part to be largely developed in a eorre-
sponding degree. And, conversely, that natural selec-
tion may perfectly well succeed in largely developing
any organ, without requiring as a necessary compensa-
tion the reduction of some adjoining part.

Multiple, Rudimentary, and Lowly-organised Structures
are Variable.

It seems to be a rule, as remarked by Is. Geoffroy
St. Hilaire, both in varieties and in species, that
when any part or organ is repeated many times in
the structure of the same individual (as the vertebrae
in snakes, and the stamens in polyandrous flowers) the
number is variable; whereas the number of the same
part or organ, when it occurs in lesser numbers, is
constant. The same author and some botanists have
farther remarked that multiple parts are also very liable
to variation in structure. Inasmuch as this “ vegetative
repetition,” to use Prof. Owen’s expression, seems to be
a sign of low organisation, the fnregomg remark seems.
connected with the very general opinion of naturalists,
that beings low in the scale of nature are more va
than those which are higher. I presume that lowness
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in this case means that the several parts of the organi-
sation have been but little specialised for particular
fanctions ; and as long as the same part has to perform
diversified work, we can perhaps see why it should re-
main variuble, that is, why natural selection should have
preserved or rejected each little deviation of form less
efully than when the part has to serve for one special
e alone. In the same way that a knife which
to cut all sorts of things may be of almost any
ipe ; whilst a tool for some particular object had
better be of some particular shape, Natural selection,
it should never be forgotten, can act on each part of
sach being, solely through and for its adyantage.
~ Rudimentary parts, it has been stated by some authors,
and I believe with truth, are apt to be highly variable.
shall have to recur to the general subjeet of rudi-
tary and aborted organs; and I will here only add
their variability seems to be owing to their useless-
and therefore to natural selection having no power
iations in their struct Thus rudi

tendency to reversion.

L Part developed in any Species in an extraordinary degree

manner, in comparison with the same Part in allied
ies, tends to be highly variable.

years ago I was much struck with a remark,

to the above effect, published by Mr. Waterhouse.

er also, from an observation made by Professor Owen,

| respect to the length of the arms of the ourang-

tang, that he has come to a nearly similar conclusion.

to attempt to convince any one of the truth

his proposition without giving the long array of facts

ch 1 have collected, and which cannot possibly be

13
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here introduced. I can only state my conviction that it
js a rule of high generality. T am aware of several causes
of error, but T hope that I have made due allowance for
them. It should be understood that the rule by no
means applies to any part, howaver \muma]]y developed,
unless it be in

the same part in closely allied s-pemes. Thus, the be.t’l
wing is a most abnormal structure in the class mam-
malia; but the rule would not here apply, because there
is a whole group of bats having wings : it would apply
only if some one spec]es of bat had its wings developed
in some manner in ison with the.
other species of the same genus. The rule applies very.
strongly in the case of secondary sexual characters, when
displayed in any unusual manner. The term, secondary
sexual characters, used by Hunter, applies to characters
which are attached to one sex, but are not directly
connected with the act of reproduction. The rule ap-
plies to males and females; but as females more rarely
offér remarkable secondary sexual characters, it applies
more rarely to them. The rule being so plainly appli=
cable in the case of secondary sexual characters, may be
due to the great variability of these characters, whether
or not displayed in any unusual manner—of which fact
T think there can be little doubt. But that our rule is
not confined to secondary sexual characters is clearly
shown in the case of hermaphrodite cirripedes; and
I may here add, that I particularly attended to Mr.
Waterhouse’s remark, whilst investigating this Order,
and I am fully convinced that the rule almost invari-
ably holds good with cirripedes. I shall, in my future
work, give a list of the more remarkable cases; I will
here only briefly give one, as it illustrates the rule in
its largest application. The opercular valves of sessile
cirvipedes (rock barnacles) are, in every sense of the
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word, very important structures, and they differ ex-
 tremely little even in different genmera; but in the
- several species of one genus, Pyrgoma, these valves
7 nt a marvellous amount of diversification; the
m]ugonu valves in the different species being some-
times wholly unlike in shape; and the amount of varia-
tion in the individuals of several of the gpecies is so

great, that it is no exaggeration to state that the varieties

e ach other in the characters of these
ortant valves than do other species of distinct genera.
As birds within the same country vary in a remark-
ably small degree, I have particularly attended to them,
and the rule scems to me certainly to hold good in
this class. I cannot make out that it applies to plants,
this would seriously have shaken my belief in its
uth, had not the great variability in piants made it
uticularly difficult to compare their relative degrees
variability.

When we see any part or organ developed in a
re able degree or manner in any species, the fair
ption is that it is of high importance to that
ies; nevertheless the part in this case is eminently
1 to variation. Why should this be so? On the

w that each species has been independently created,
h all its parts as we now see them, 1 can see no
lanation. But on the view that groups of species
e descended from other species, and have been mo-
through natural selection, I think we can obtain
light. In our domestic animals, if any part, or
the whole animal, be neglected and no selection be ap-
d, that part (for instance, the comb in the Dorking

1 have been but little specmhsed for any pa.mnuhr
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purpose, and perhaps in polymorphic groups, we see
nearly parallel natural case; for in such cases natural
selection either has not or cannot come into full play,
and thus the isation is left in a fl con-
dition. But what here more especially concerns us is,
that in our domestic animals those points, which at the
present time are undergoing rapid change by continued
selection, aré also eminently liable to variation. Look
at the breeds of the pigeon; see what a prodigious
amount of difference there is in the beak of the dif-
ferent tumblers, in the beak and wattle of the different
carriers, in the carriage and tail of our fantails, &e.,
these being the points now mainly attended to by
English fanciers. Even in the sub-breeds, as in the
short-faced tumblers, it As nownously duﬂicnll w breed
them nearly to and fi
are born which depart widely from the standard. There
may be truly said to be a constant struggle going on
between, on the one hand, the tendency to reversion to
a less modified state, as well as an innate tendency to
further variability of all kinds, and, on the other hand,
the power of steady selection to keep the breed true.
In the long run selection gains the day, and we do
not expect to fail so far as to breed a bird as coarse
as & common tumbler from a good short-faced strain.
But as long as selection is rapidly going on, there
may always be expected to be much variability in the:
structure undergoing modification. It further deserves
notice that these variable characters, produced by man's
selection, sometimes become attached, from causes
quite unknown to us, more to one sex than to the other,
generally to the male sex, as with the wattle of camau‘
- and the enlarged crop of pouters.

Now let us turn to nature. When a part has been

developed in an extraordinary manner in any one
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species, compared with the other species of the same
genus, we may conclude that this part has undergone
an extraordinary amount of modification since the
period when the species branched off from the common
progenitor of the genus. This period will seldom be
remote in any extreme degree, as species very rarely
endure for more than one geological period. An extra-
udmary amount of modification implies an unusually
large and long d amount of variability, which
has continually been accumulated by natural selection
for the benefit of the species. But as the variability of
the extraordinarily developed part or organ has been
50 great and long-continued within a period not exces-
sively remote, we might, as a general rule, expect still
to find more variability in such partsthan in other parts
of the organisation which have remained for a much
longer period nearly constant. And this, I am con-
vinced, is the case. That the struggle between natural
lection on the one hand, and the tendency to rever-
sion and variability on the other hand, will in the course
of time cease ; and that the most abnormally developed
organs may be made constant, I can see no reason to
ubt. Hence, when an organ, however abnormal it
y be, has been transmitted in approximately the
“same condition to many modified descendants, as in the
o of the wing of the bat, it must have existed, ac-
g to my theory, for an immense period in nearly
o same state; and thus it comes to be no more vari-
than any utl\er structure. It is only i in’ those cases
in which the modification has been ly recent

! extrwrdmmly great that we onghz to find tho
rative variability, as it may be called, still present
n a high degree. For in this case the variability will
m as yet have been fixed by the continued selec-
of the individuals varying in the required manner
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and degree, and by the continued rejection of those tend-
ing to revert to a former and less-modified condition.

Specific Characters more Variable than Generie
Characters. 1
The principle included in these remarks may be
extended. Tt is notorious that specific characters are
more variable than generic. To explain by a simple
example what is meant. If some species in a large
genus of plants had blue flowers and some had red, the
colour would be only a specific character, and no one
would be surprised at one of the blue species varying
into red, or conversely ; but if all the species had blue
flowers, the colour would become a generic character,
and its variation would be a more unusual circumstance.
T have chosen this example because an explanation is
not in this case applicable, which most naturalists would.
advance, namely, that specific characters are more vari-
able than generic, because they are taken from parts of
less physiological importance than those commonly used
for classing genera. I believe this explanation is partly,
yet only indirectly, true; I shall, however, have to
return to this subject in the chapter on Classification.
Tt would be almost superfluons to adduce evidence in
support of the above statement, that specific characters
-are more variable than generic; but I have repeatedly.
noticed in works on natural history, that when an author
‘has remarked with surprise that some important organ
ov part, which is generally very constant throughout
"large groups of species, has differed considerably in
elosely-allied species, that it has, also, been variable in
the individuals of some of the species. And this fact
shows that a character, which is generally of generic
value, when it sinks in value and becomes only of
specific value, often becomes variable, though its phy-
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siological importance may remain the same. Some-
thing of the same kind applies to monstrosities: at
least Is. Geoffroy St. Hilaire seems to entertain no
doubt, that the more an organ normally differs in the
 different species of the same group, '.Im more subject it
is to individual anomalies.
~ On the ordinary view of each species having been
Jindependently created, why should that part of the
structure, which differs from the same part in other
independently-created species of thé same genus, be
-more variable than those parts which are closely alike
in the several species? T do not see that any explana-
tion can be given. But on the view of species being
only strongly marked and fixed vnnebes we might

Or to state the case in another
n the points in which all the species of a genus
resemble each other, and in which they differ from the
s of some other genus, are called generic cha-
; and these characters in common I attribute to
eritance from a common progenitor, for it can rarely
e happened that natural selection will bave modified
species, fitted to more or less widely-different
s, in exactly the same manner: and as these so-
ed generic characters have been inherited from a
period, since that period when the species first
off from their common progenitor, and subse-

ly Liave not varied or come to differ in any degree,
only in a slight degree, it is not probable that they
d vary at the present day. On the other hand,
points in which species differ from other species of
same genus, are called specific characters; and as
e specific characters have varied and come to differ
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within the period of the branching off of the species
from a common progenitor, it is probable that they
should still often be in some degree variable,—at least
more variable than those parts of the organisation which
have for a very long period remained constant,

Secondary Sexual Characters Variable.
Tn connexion with the present subject, T will make only
two other remarks. T think it will be admitted, without
my entering on details, that secondary sexual characters
are very variable; I think it also will be admitted that
species of the same group differ from each other more.
widely in their secondary sexual characters, than in
other parts of their organisation; compare, for instance,
the amount of difference between the males of galli-
naceous birds, in which secondary sexual characters are
strongly displayed, with the amount of difference be-
tween their females; and the truth of this proposition
will be granted. The cause of the original variability
of secondary sexual characters is not manifest; but we
can see why these characters should not have been
rendered as constant and uniform as other parts of the.
organisation ; for secondary sexual characters have been
accumulated by sexual selection, which is less rigid in
its action than ordinary selection, as it does not entail
death, but only gives fewer offspring to the less fayoured
males, Whatever the cause may be of the variability
of secondary sexual characters, as they are highly vari-
able, sexual selection will have had a wide scope for
action, and may thus readily have succeeded in giving
to the species of the same group a greater amount of
difference in their sexual characters, than in other parts
of their structure,
It is a remarkable fact, that the secondary sexual
differences between the two sexes of the same species
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‘are generally displayed in the very same parts of the
‘organisation in which the different species of the same
s differ from each other. Of this fact I will give
illustration two instances, the first which happen to
‘stand on my list; and as the differences in these cases
are of a very unusual nature, the relation can hardly be
accidental. The same number of joints in the tarsi is
& character generally common to very large groups of
‘beetles, but in the Engide, as Westwood has remarked,
the number varies greatly; and the number likewise
differs in the two sexes of the same species: again in
Hfossorial hymenoptera, the manner of neuration of the
» is a character of the highest importance, because

ent illustrations of this law. “In Pontella, for
nce, the sexual characters are afforded mainly by
e anterior antenne and by the fifth pair of legs: the
e differences also are principally given by these

I look at all the species of the ‘same
nus as having as certainly descended from the same
tor, as have the two sexes of any one of the
Consequently, whatever part of the structure
the common progenitor, or of its early descendants,
me variable; variations of this part would, it is
highly probable, be taken advantage of by natural and
xual gelection, in order to fit the several species to
several places in the economy of nature, and like-
to fit the two sexes of the same species to each
, or to fit the males and females to different habits
or the males to struggle with other males for th
n of the females. .
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Finally, ﬂmn, T conclude that the greater vmnhlhty
of specific or those which disti species.
from species, than of generic characters, or those which
the species possess in common ;—that the frequent ex-
treme variability of any part which is developed in a
species in an extraordinary manner in comparison with
the same part in its congeners; and the slight degree
of variability in a part, however extraordinarily it may
be developed, if it be common to a whole group of spe-
cies;—that the great variability of secondary sexual
characters, and the great amount of difference in these
same characters between closely allied species;—that
secondary sexual and ordinary specific differences are
generally displayed in the same parts of the organisa-
tion,—are all principles closely connected together.
All being mainly due to the species of the same group
having descended from a coramon progenitor, from
whom they have inherited much in common,—to parts
which have recently and largely varied being more
likely still to go on varying than parts which have long
been inherited and have not varied,—to natural selec-
tion having more or less completely, according to the
lapse of time, overmastered the tendency to reversion
and to further variability,—to sexual selection being
less_rigid than ordinary selection,—and to variations
in the same parts having been accumulated by natural
and sexual selection, and having been thus adapted for
secondary sexual, and for ordinary specific purposes.
Distinet Species present analogous Variations; and a

Variety of one Species often assumes some of the

Characters of an allied Species, or reverts to some of

the Characters of an early Progenitor.

These propositions will be most readily understood
by looking to our domestic races. The most distinet
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breeds of pigeons, in countries most widely apart, pre-
ent sub-varieties with reversed feathers on the head
and feathers on the feet,—characters not possessed by
he aboriginal rock-pigeon; these then are analogous
ns in two or more distinct races. The frequent

mee of fourteen or even sixteen tail-feathers in the
uter may be considered as a variation representing
he normal structure of another race, the fantail. I pre-

ne that no one will doubt that all such analogous va-
iations are due to the several races of the pigeon liaving
nherited from a common parent the same constitution
tendency to variation, when acted on by similar
nown influences. In the veget.able kingdom we have
case of analogous variation, in the enlarged stems, or
as commonly called, of the Swedish turnip and
ita baga, plants which several botanists rank as va-
produced by cultivation from a common parent :
if this be not so, the case will then be one of analogous
ition in two so-called distinct species; and to these
third may be added, namely, the common turnip.
ding to the ordinary view of each species having
independently created, we should have to attribute
similarity in the enlarged stems of these three
ts, not to the vera causa of community of descent,
a consequent tendency to vary in a like manner,
it to three separate yet closely related acts of creation.
similar cases of analogous variation have been
ed by Naudin in the great gourd-family, and by
us authors in our cereals, Similar cases occurring
h insects under their natural conditions have lately
n discussed with much ability by Mr. Walsh, who
grouped them under his law of Equable Variability.
With pigeons, however, we have another case, namely,
he occasional appearance in all the breeds, of slaty-

@ birds with two black bars on the wings, a white
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croup, a bar at the end of the tail, with the outer
feathers externally edged near their bases with white.
As all these murks are characteristic of the parent

rock-pigeon, I presume that no one will doubt that this
u a case of mvmon,undmdl new yet analogous
ing in the several breeds. We may,
I think, confidently come to this conclusion, because, ag
we have seen, these coloured marks are eminently liable

nothing in the external conditions of life to cause the.
reappearance of the slaty-blue, with the several marks,
beyond the influence of the mere act of crossing on th
laws of inheritance.
No doubt it is a very surprising fact that ch
should reappear after having been lost for many, perhaps
for hundreds of generations. But when a breed has
crossed only once by some other breed, the offsp
occasionally show a tendency to revert in character
the foreign breed for many generations—some say, fo
a dozen or even a score of genemtions. After twel
generations, the proportion of blood, to use a co
expression, of any one ancestor, is only 1 in 2048;
yet, as we see, it is generally believed that a ten
to reversion is retained by this very small proportion
foreign blood. In a breed which has not been crossed
buthwhmbbdbplmnh hve lost some
which their p d, the
strong or wa-k, to zqmdm the lost character
be, uwu formerly remarked, for all that we can
the contrary, transmitted for almost any number
gunenhom. ‘When a character which has been M
a breed, reappears after a great number of g
the most pmhbla hypothesis is, not that the
suddenly takes after an ancestor some hundred g
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rations distant, but that in each successive generation
there has been a tendency to reproduce the character
in question, which at last, under unknown favourable
‘conditions, gains an ascendency. For instance, it is
probable that in each generation of the barb-pigeon,

h produces most rarely a blue and black-barred
bird, there has been a tendency in each generation in
the plumage to assume this colour. This view is hypo-
tical, but could be supported by some facts; and
can see no more abstract improbability in a tendency
produce any character being inherited for an endless
ber of generations, than in quite useless or rudi-
tary organs being, as we all know them to be, thus

ed. Indeed, we may sometimes observe that a
mere tendency to produce a rudiment is inherited.

As all the species of the same genus are supposed, on
my theory, to have descended from a common pro-
or, it might be expected that they would occa-
ly vary in an analogous manner; so that the
ies of two or more species would resemble each
'r, or that a variety of one species would resemble
e of its characters another and distinet species,—
other species being on my view only a well-marked
d permanent variety. But characters thus gained
probably be of an unimportant nature, for the
e of all important characters will be governed
by natural selection, in accordance with the diverse
t5 of the species, and will not be left to the mutnal
n of the conditions of life and of a similar in-
d constitution. It might farther be expected

the species of the same genus would occasionally
Xhibit reversions to lost ancestral characters. As,
er, we never know the exact character of the
mon ancestor of a group, we could not distinguish
8 two cases: if, for instance, we did not know that
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the rock-pigeon was not feather-footed or turn-crowned,
we could not have told, whether these characters in our
domestic breeds were reversions or only analogous vari--
ations ; but we might have inferred that the blueness
was a case of reversion from the number of the mark:
ings, which are correlated with the blue tint, and which
it does not appear probable would all appear together
from simple variation. More especially we might have
inferred this, from the blue colour, and marks so often
appearing when distinct breeds of diverse colours are.
crossed. Hence, though under nature it must gene
rally be left doubtful, what cases are reversions to a
formerly existing character, and what are new but ana-
logous variations, yet we ought, on my t.heory, some-
times to find the varying offspring of a species assuming
characters (either from reversion or from analogous
variation) which already occur in some other members
of the same group. And this undoubtedly is the e
in nature. .

A considerable part of the difficulty in recognising
our systematic works a variable species, is due to
varieties mocking, as it were, some of the other speci
of the same genus. A considerable catalogue, a
could be given of forms intermediate between two othe
forms, which themselves must be doubtfully ranked
either varieties or species; and this shows, unless
these forms be considered as independently cre:
species, that the one in varying has assumed some.
the characters of the other, so as to produce the in
mediate form. But the best evidence is afforded
parts or organs of an important and uniform naf
occasionally varying so as to acquire, in some de;
the character of the same part or organ in an a
species. I have collected a long list of such cas
but here, as before, I lie under a great disadvantage
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not being able to give them. I can only repeat that
nch eases certainly do occur, and seem to me very
remarkable,

I will, however, give one curious and complex case,
not indeed as affecting any 1mportu.nt character, but

is a case almost certainly of reversion. The ass
mes has very distinct transverse bars on its legs,
those on the legs of the zebra: it has been asserted
it these are plainest in the foal, and, from inquiries
ch I have made, I believe this to be true. The
e on the shoulder is sometimes donble and is very
ble in length and outline. A white ass, but not
bino, has been described without either spinal or
der stripe: and these nripes are sometimes very
¢, or actually quite lost, in dark-colonred asses..
knnlnu of Pallas is said to have been seen with a
ddanatripe; | This heti s no should
lmt traces nf it, as stated by Mr. Blyth and
o occasionally appear; and I have been informed
Colonel Poole that the foals of this species are gene-
ully striped on the legs, and faintly on the shoulder.
the quagga, though so plainly barred like a zebra over
e body, is without bars on the legs; but Dr. Gray
as figured one specimen with very distinct zebra-like
on the hocks.
ith respect to the horse, T have collected cases in
nd of the spinal stripe in horses of the most dis-
ot breeds, and of all colours; transverse bars on
6 legs are not rare in duns, mouse-duns, and in one
8 in a chestnut: a faint shoulder-stripe may
mes be seen in duns, and I have seen a trace in
horse. My son made a careful examination and
for me of a dun Belgian cart-horse with a double
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stripe on each shoulder and with leg-stripes; I have
myself seen a dun Devonshire pony, and a small dun
Welch pony has been carefully described to me, both
with three parallel stripes on each shoulder.

In the north-west part of India the Kattywar breed
of horses is so generally striped, that, as T hear from
Colonel Poole, who examined the breed for the Indian
Government, & horse withont stripes is not considered
as purely-bred. The spine is always striped; the legs
are generally barred ; and the shoulder-stripe, which is
sometimes double and sometimes treble, is common ;
the side of the face, moreover, is sometimes striped.
The stripes are often plainest in the foal; and some-
times quite disappear in old horses, Colonel Poole has
seen both gray and bay Kattywar horses striped when
first foaled. I have also reason to suspect, from inform-
ation given me by Mr. W. W. Edwards, that with the
English race-horse the spinal stripe is much commoner
in the foal than in the full-grown animal. I have
myself recently bred a foal from a bay mare (offspring
of a Turcoman horse and a Flemish mare) by a bay
English race-horse; this foal when a week old was
marked on its hinder quarters and on its forehead with
numerous, very narrow, dark zebra-like bars, and its
legs were feebly striped: all the stripes soon disap-
peared completely. Without here entering on further:
details, I may state that I have collected cases of leg.
and shoulder stripes in horses of very different breeds,
in various countries from Britain to Eastern Chinaj
and from Norway in the north to the Malay Archipelago
in the south. In all parts of the world these stripes
occur far oftenest in duns and mouse-duns ; by the term:
dun a large range of colour is included, from one
brown and black to a elose approach to cream-colour.

I am aware that Colonel Hamilton Smith, who
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written on this subject, believes that the several breeda
of d:o horse are descended from several

crosses with the dun stock. But I am not at all satis-
fied with this view, and should be loth to apply it
o breeds so distinet as the heavy Belgian cart-horse,
- Welch ponies, cobs, the lanky Kattywar race, &c., inba-
biting the most distant parts of the world.
Now let us turn to the effects of crossing the several
species of the horse-genus. Rollin asserts, that the
ommon mule from lhensslndhmmnp‘nmuhrlyspt
to have bars on its legs; according to Mr. Gosse, in
sertain parts of the United States about nine out of ten
es have striped legs. I once saw a mule with its
50 much striped that any one would at first have
ght that it must have been the product of a zebra;
d Mz, W. O, Martin, in his excellent treatise on the
¢, has given a figure of a similar mule. In four
ed drawings, which I have seen, of hybrids be-
‘tween the ass and zebra, the legs were much more
plainly barred than the rest of the body; and in one
of them there was a double shoulder-stripe, In Lord
's famous hybrid from a chestnut mare and male
the hybrid, and even the pure offspring subse-
tly produced from the mare by a black Arabian
were much more plainly barred across the legs
is even the pure quagga. Lastly, and this is an-
most remarkable case, a hybrid has been figured
‘Dr. Gray (and he informs me that he knows of a
case) from the ass and the hemionus; and this
though the ass only occasionally has sfripes on

lndﬁtmdmrt lhonlder-d.npe-,hkaﬂmmth
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dun Devonshire and Welch ponies, and even had some
zebra-like stripes on the sides of its face. With respeet.
to this last fact, I was so convinced that not even a
stripe of colour appears from what is commonly called
chance, that I was led solely from the occurrence of the
face-stripes on this hybrid from the ass and hemionus
to ask Colonel Poole whether such face-stripes ever
oceurred in the eminently striped Kattywar breed of
horses, and was, as we have seen, answered in
affirmative.

What now are we to say to these several facts? We
see several very distinet species of the horse-genus
becoming, by simple variation, striped on the legs like
a zebra, or striped on the shoulders like an ass. In the
horse we see this tendency strong whenever a dun tint
appears—a tint which approaches to that of the general
colouring of the other species of the genus. The
appearance of the stripes is not accompanied by any
change of form or by any other new character. We see
this tendency to become striped most strongly displayed
in hybnds from between several of the most distinet
species. Now observe the case of the several breeds of
pigeons: they are descended from a pigeon (including
two or three sub-species or geographical races) of a
bluish colour, with certain bars and other marks; and
when any breed assumes by simple variation a bluish
tint, these bars and other marks invariably reappear;
but without any other change of form or character.
When the oldest and truest breeds of various colours
are crossed, we see a strong tendency for the blue tint
and bars and marks to reappear in the mongrels. I
have stated that the most probable hypothesis to ac-
count for the reappearance of very ancient characters, is
—that there is a tendency in the young of each succes-
sive generation to produce the long-lost character, and
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that this tendency, from unknown causes, sometimes
prevails.  And we have just seen that in several species
of the horse-genus the stripes are either plainer or ap-
E more commouly in the young than in the old.
Call the breeds of pigeons, some of which have bred
truo for centurics, species; and how exactly parallel is
the case with that of the species of the horse-genus!
For myself, I venture confidently to look back thousands
thousands of generations, and T see an animal striped
a zebra, but perhaps otherwise very differently
tructed, the common parent of our domestic horse
ether or not it be descended from one or more wild
ocks) of the ass, the hemionus, quagga, and zebra.
He who believes that each equine species was inde-
pendently created, will, T presume, assert that each
has been created with a tendency to vary, both
under nature and under domestication, in this partier
manner, so as often to become striped like other species
of the genus; and that each has been created with a
tendeney, when crossed with species inhabiting -
istant quarters of the world, to produce hybrids resem-

g in their stripes, not their own parents, but other
es of the genus. To admit this view is, as it seems
to reject a real for an unreal, or at least for an
cause. It makes the works of God a mere
sry and deception ; I would almost as soon believe
the old and ignorant cosmogonists, that fossil
had never lived, but had been created in stone so
 mock the shells now living on the sea-shore,

Summary.
i ignorance of the laws of variation is profound.
in one case out of a hundred can we pretend to
any reason why this or that part differs, more or
 from the same part in the parents. But whenever
K2
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we have the means of imt.imﬁng & comparison, the
same laws appear to have acted in producing the lesser
differences between varieties of the same species, and
the greater differences between species of the same
genus, The external conditions of life, as climate and
food, &c., seem to have mdnuad some sllght mod.lﬂc:-
tions, Habit in
and use in mmgﬂmnng and disuse in weakening and
diminishing organs, seem to have been more potent in
their effects. Homologous parts tend to vary in the
same way, and homologous parts tend to cohere. Modi-
fications in hard parts and in external parts sometimes
affect softer and internal parts. When one part is
largely developed, perhaps it tends to draw nourishment
from the adjoining parts; and every part of the struc-
ture which can be saved without detriment to the indi-
vidual, will be saved. Changes of structure at an early
age will often affect parts subsequently developed ; and
. there are very many other correlations of growth, the
nature of which we are nlwrly unable to understand.
Multiple parts are variable in number and in structure,
perhaps arising from such parts not having been closely
specialised to any particular fanction, so that their
modifications have not been closely checked by natural
selection. It is probably from this same cause that
organic beings low in the scale of nature are more
variable than those which have their whole organisation
more specialised, and are higher in the scale. Rudi-
mentary organs, from being useless, will be disregarded.
by natural selection, and hence probably are variable.
Specifie characters—that is, the characters which have
come to differ since the several species of the same
genus branched off from a common parent—are more
variable than generic characters, or those which have
long been inherited, and have not differed within this
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same period. In these remarks we have referred to
special parts or organs being still variable, because they
have recently varied and thus come to differ; but we
have also seen in the second Chapter that the same
principle applies to the whole individual ; for in a dis-
trict where many species of any genus are found —that
is, where there has been much inti

ies of the same gemus. Any part or organ deve-
ped to an dinary size or in an dinary
er, in comparison with the same part or organ in
allied species, must have gone through an extra-
nary amount of modification since the

ble in a much higher degree than other parts; for
on is a long-continued and slow process, and
selection will in such cases not as yet have had
to overcome the tendency to further variability
to reversion to a less modified state. But when
ies with any extraordinarily-developed organ has
the parent of many modified descendants—
on my view must be a very slow process, requir-
long lapse of time—in this case, natural selection
readily have succeeded in giving a fixed character
organ, in however extraordinary a manner it may
been developed. Species inheriting nearly the
constitution from a common parent and exposed
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to similar influences will naturally tend to present ana-
logous variations, and these same species may occasion-
ally revert to some of the characters of their ancient
progenitors. Although new and important modifications.
may not arise from reversion and analogous variation,
such modifications will add to the beautiful and har-

in the offspring from their parents —and a cause for
each must exist—it is the steady accumulation, through
natural selection, of such differences, when beneficial to
the individual, that gives rise to all the more important
modifications of structure, by which the innumerable
beings on the face of this earth are enabled to struggle
with each other, and the best adapted to survive. .
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CHAPTER VL

Drrricormes ox Taeory.

ifficulties on the theory of descent with ‘modification—Transitions
—Absence or rarity of transitional varieties—Transitions in
Habits of life—Diversified habits in the sume species — Species
with habits widely different from those of their allies—Organs
of extreme perfection—Maodes of transition — Cases of difficulty
—Natura non facit salturn— Organs of small importance —

4 not in all cases absolutely perfeot—The law of Unity
of Type and of the Conditions of embraced by the
theory of Natural Selection.

G before having arrived nthhplrtd‘ny'ﬂk. 2
owd of difficulties will have occurred to the reader.
of them are so serious that to this day I can
ly reflect on them without being staggered ; but, to
bddmy)udgmeng the greater number are ouly
and those

that are real are not, I think, fatal

y. is it possible that an animal baving,
the structure and habm of a bat, could hn‘e
of some animal with
ly different habits? Can we believe that natural
could produce, on the one hand, organs of -
iniportance, such as the tail of a giraffe, which
a8 a fly-flapper, and, on the other hand, organs of
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such wonderful ltrnotvxe. nths cyo, ofvlmh we?lmd]y
d the

Thirdly, can instinets be -nqned and modified
throngh natural selection ? What shall we say to so
marvellous an instinet as that which leads the bee to.
make cells, which has practically mtwlyﬂed the dis-
coveries of mathematicians ?

?
mm heads shall be here discussed—Instinet
and Hybridism in separate chapters.
On the Absence or Rarity of Transitional Varieties.
As natural selection acts solely by the
of profitable modifications, each new form will tend in &
f\lllydockad country to tlh the place of, and finally to

is generally supposed ; the imperfection of
record being chiefly due to organic beings not i ’
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profound depths of the sea, and to their remains being
embedded and preserved to a future age only in masses
of sediment sufficiently thick and extensive to withstand
an enormous amount of future degradation; and such
 fossiliferous masses can be accumulated only where

‘much sediment is deposited on the shallow bed of the
sea, whilst it slowly subsides. These contifigencies will
‘concur only rarely, and after

0 5 but the natural collections
have been made only at intervals of time immensely
~ But it may be urged that when several closely-allied
species inhabit the same territory, we surely ought to
d at the present time many transitional forms. Let
take a simple case: in travelling from north to
h over a i we lly meet at i

with closely allied or representative species,
ly filling nearly the same place in the natural

But if we compare these
where they intermingle, they are generally as

ly distinct from each other in every detail of
re as are specimens taken from the metropolis
by each. By my theory these allied species
from a common parent; and during the
of modification, each has become adapted to the
ons of life of its own region, and has supplanted

varieties between its past and present states.
‘we ought not to expect at the present time
k3
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to meet with numerous transitional varieties in each
region, though they must have existed there, and may
be embedded there in a fossil condition. But in the
intermediate region, having intermediate conditions of
life, why do we not now find closely-linking inter-
mediate varieties? This dificulty for a long time quite
confounded me. But I think it can be in large part
explained.

In the first place we should be extremely cautious in
inferring, because an area is now continuous, that it
has been continuous during a long period. Geology
would lead us to believe that almost every continent
has been broken up into islands even during the later
tertiary periods; and in such islands distinct species
might have been separately formed without the possi-
bility of intermediate varieties existing in the inter-
mediate zones. By changes in the form of the land
and of climate, marine areas now continuous must often
have existed within recent times in a far less continuons
and uniform condition than at present. But I will pass
over this way of escaping from the difficulty; for T
believe that many perfectly defined species have been
formed on strictly continuous areas; though I do not .
doubt that the formerly broken condition of areas now
continuous has played an important part in the foi

1In looking at species as they are now distributed
a wide area, we generally find them tolerably numeroi
over a large territory, then becoming somewhat al
ruptly rarer and rarer on the confines, and finally di
nppem-mg Henee ﬂm ne\ﬂ.ml mmtory bet\veen

dly narrow in

with the temtmy pmper to each. We see the
fact in, and i it is qp
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remarkable how abruptly, as Alph. de Candolle has
ed, a common alpine species ppears.  The
‘same fact has been noticed by E. Forbes in sounding
the depths of the sea with the dredge. To those who
look at climate and the physical conditions of life s the
all-important elements of distribution, these facts ought
o cause surprise, as climate and height or dapth gra-
loate away insensibly. But when we bear in mind
almost every species, even in its metropolis, would
immensely in numbers, were it not for other
peting species; that nearly all either prey on or
e as prey for others; in short, that each organic
is either directly or indirectly related in the most
portant manner to other organic beings, we must see
it the nnge uf the inhabitants of any country by
dependn on i
ml conditions, but in large part on the pmence
of other species, on which it depends, or by w
lestroyed, or with which it comes into competition ; nnd
these species are already defined objects (however
ey may have become so), not blending one into an-
by insensible gradations, the range of any one
cies, depending as it does on the range of others, will
d to be sharply defined. Moreover, each species
confines of its range, where it exists in lessened
will, during fluctuations in the number of its
emies or of its prey, or in the seasons, be extremely
le to utter extermination ; and thus its geographical
will come to be still more sharply defined.
I am right in believing that allied or representative
when inhabiting a continuous area, are gene-
distributed that each has a wide range, with
ively narrow neutral territory between them,
they become rather suddenly rarer and rarer ;
varieties do not essentially differ from species,
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the same rule will prolmb]y npply to both ; and if we in
imagination adapt a varying species to a very large area,
we shall have to adapt two varieties to two large areas,
and a third variety to a narrow intermediate zone. The
intermediate variety, consequently, will exist in lesser
numbers from inhabiting a narrow and lesser area; and
practically, as far as I can make out, this rule holds
good with varieties in a state of nature. I have met with
striking instances of the rule in the case of varieties
intermediate between well-marked varieties in the genus
Balanus. And it would appear from information given
me by Mr. Watson, Dr. Asa Gray, and Mr. Wollaston,
that generally, when varieties intermediate between two
other forms occur, they are much rarer numerically
than the forms which they connect. Now, if we may
trust these facts and inferences, and therefore conclude
that varieties linking two other varieties together have
generally existed in lesser numbers than the forms
which they connect, then, I think, we can understand
why intermediate varieties should not endure for very’
long periods;—why, as a general rule they should be
d disappear, sooner than the forms
which they originally linked together, c
For any form existing in lesser numbers would, as
already remarked, run a greater chance of being exter-
minated than one existing in large numbers; and in
this particular case the intermediate form would be
eminently liable to the inroads of closely allied forms.
existing on both sides of it. But a far more important
consideration, as I believe, is that, during the process.
of further modification, by which two varieties are sup-
posed on my theory to be converted and perfected i

two distinet species, the two which exist in larger
numbers, from inhabiting larger areas, will have a
advantage over the intermediate variety, which
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in smaller numbers in a narrow and intermediate zone.
For forms existing in larger numbers will always have
a better chance, within any given period, of presenting
further favourable variations for natural selection to
seize on, than will the rarer forms which exist in lesser
numbers. Hence, the more common forms, in the race
for life, will tend to beat and supplant the less common
forms, for these will be more slowly modified and im-
proved. It is the same principle which, as I believe,
accounts for the common species in each country, as
shown in the second chapter, presenting on an average
a greater number of well-marked varieties than do the
rarer species. I may illustrate what I mean by sup-
posing three varieties of sheep to be kept, one adapted
~ to an extensive mountainous region; a second to a
comparatively narrow, hilly tract; and a third to
‘wide plains at the base; and that the inhabitants
are all trying with equal steadiness and skill to im-
prove their stocks by selection; the chances in this
ease will be strongly in favour of the great holders
on the mountains or on the plains improving their
more quickly than the small holders on the
mediate narrow, hilly tract; and consequently
e improved mountain or plain breed will soon take
place of the less improved hill breed; and thus the
breeds, which originally existed in greater numbers,
come into close contact with each other, without
i ition of the lanted, i diate hill-

sum up, I believe that species come to be tolerably
defined objects, and do not at any one period pre-
it an inextricable chaos of varying and intermediate
firstly, because new varicties are very slowly
for variation is a very slow process, and natural
m can do nothing until favourable variations
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chance to occur, and until a place in the natural
polity of the country can be better filled by some
modification of some one or more of its inhabitants.
And such new places will depend on slow changes of
climate, or on the occasional immigration of new inha-
bitants, and, probably, in a still more important degree,
on some of the old inhabitants becoming slowly modi-
fied, with the new forms thus produced and the old
ones acting and reacting on each other. So that, in
any one region and at any one time, we ought only to
see a few species presenting slight modifications of strue-
ture in some degree permanent ; and this assuredly we
" do see.

Secondly, areas now continuous must often have ex-
isted within the recent period in isolated portions, in
which many forms, more especially amongst the classes
which unite for each birth and wander much, may have
separately been rendered sufficiently distinet to rank as.
representative species. In this case, intermediate vari-
eties between the several representative species and
their common parent, must formerly ‘have existed

within each isolated portion of the land, but these links
during the process of natural selection will have been
mp‘pls.nbed and exterminated, so that they will no lnnger‘
exist in a living state,

Thirdly, when two or more varieties have been fomad
in different portions of a amdly continuous area, inter-
mediate varieties will, it is probable, at first have been

(namely from what we know of the actual
of closelyallmd or representative species, tmd i
of ack exist in the
zones in lesser numbers than the varieties which
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tend to connect. From this cause alone the interme-
diate varieties will be liable to accidental extermination ;
and during the process of further modification throngh
natural selection, they will almost certainly be beaten
~and supplanted by the forms which they connect; for
 these from existing in greater numbers will, in the
aggregate, present more variation, and thus be further
improved through natural selection and gain further
advan

tages,
Lastly, looking not to any one time, but to all time,
if my theory be true, numberless intermediate varieties,
linking closely together all the species of the same
group, must assuredly have existed; but the very
of natural selection constantly tends, as has
m 50 often remarked, to exterminate the parent-forms
the intermediate links. Consequently evidence of
ir former existence could be found only amongst
ossil remains, which are preserved, as we shall in a
chapter attempt to show, in an extremely imper-
¢t and intermittent record.
On the Origin and Transitions of Organic Beings with
! peculiar Habits and Structure.
has been asked by the opponents of such views as I
d, how, for instance, a land carnivorous animal could
been converted into one with aquatic habits ; for
could the animal in its transitional state have sub-
d? It would be easy to show that within the same
carnivorons animals exist, having every inter-
te grade between truly aquatic and strictly terres-
its; and as each exists by a struggle for life, it
plear that each is well adapted in its habits to its
Jin nature. Look at the Mustela vison of North
which has webbed feet, and which resembles
rin its fur, short legs, and form of tail ; during
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summer this animal dives for and preys on fish, but
during the long winter it leaves the frozen waters, and
preys, like other pole-cats, on mice and land animals.
If a different case had been taken, and it had been
asked how an insectivorous quadruped could possibly
have been converted into a flying bat, the question
would have been far more difficult to answer. Yet I
think such difficulties have little weight.

Here, as on other occasions, I lie under a heavy dis-
advantage, for, out of the many striking cases which T
have collected, I can give only one or two instances of
transitional habits and structures in closely allied species
of the same genus; and of diversified habits, either
constant or occasional, in the same species. And it
seems to me that nothing less than a long list of such
cases is sufficient to lessen the difficulty in any par-
ticular case like that of the bat.

Look at the family of squirrels; here we have the
finest gradation from animals with their tails only
slightly flattened, and from others, as Sir J. Richardson
has remarked, with the posterior part of their bodies
rather wide and with the skin on their flanks rather full,
to the so-called flying squirrels; and flying squirrels
have their limbs and even the base of the tail united by
a broad expanse of skin, which serves as a parachute
and allows them to glide through the air to an asto-
nishing distance from tree to tree. We cannot doubt
that each structure is of use to each kind of squirrel in
its own country, by enabling it to escape birds or beasts
of prey, or to collect food more quickly, or, as there
is reason to believe, by lessening the danger from ocea-
sional falls. But it does not follow from this fact that
the structure of each squirrel is the best that it is pos-
sible to conceive under all natural conditions. Let the
climate and vegetation change, let other competing

@ The Complete Work of Charles Darwin Online:



Citar, VI OF ORGANIC BEINGS. 209

~ rodents or new beasts of prey immigrate, or old ones
become modified, and all analogy would lead us to
believe that some at least of the squirrels would decrease
in numbers or become exterminated, unless they also
became modified and improved in structure in a corre-
sponding manner. Therefore, I can see no difficulty,
more especially under changing conditions of life, in
the continued preservation of individuals with fuller and
fuller ﬂank‘membmnea, each modification beulg useful,
each being propagated, until, by the d effects
of this process of natural selection, a perfect so-called

1 va look at the Galeopithecus or flying lemur, which
formerly was falsely ranked amongst bats. It has an
[ ly wide flank-membrane, stretching from the
of the jaw to the tail, and including the limbs
d the elongated fingers: the flank-membrane is, also,
ished with an extensor muscle. Although no gra-
ited links of structure, fitted for gliding through -
air, now connect the Galeopithecus with the other
w, yet I see no difficulty in supposing that
h links formerly existed, and that each had been
ed by the same steps as in the case of the less
gliding squirrels; and that each grade of
was useful to its possessor. Norcan I see any
e difficulty in further believing it possible
jat the membrane-connected fingers and forearm of
Galeopithecus might be greatly lengthened by
selection ; and this, as far as the organs of
are concerned, would convert it into a bat. In
h have the wing-membrane extended from the
the shoulder to the tail, including the hind-legs,
\ps see traces of an apparatus originally con-
d for gliding through the air rather than for
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If about a dozen genera of birds had become extinet
or were unknown, who would have ventured to sur-
mise that birds might have existed which used their
wings solely as flappers, like the logger-headed duck
(Micropterus of Eyton); as fins in the water and front
legs on the land, like the penguin; as sails, like the
ostrich; and functionally for no purpose, like the
Apteryx? Yet the structure of each of these birds is
good for it, under the conditions of life to which it
is exposed, for each has to live by a struggle ; but it is
not necessarily the best possible under all possible con=
ditions. It must not be inferred from these remarks
that any of the grades of wing-structure here alluded
to, which perhaps may all have resulted from disuse,
indicate the natural steps by which birds have ac-
quired their perfect power of flight; but they serve, at
least, to show what diversified means of transition are
possible.

Seeing that a few members of such water-breathing:
classes as the Crustacea and Mollusca are adapted to
live on the land ; and seeing that we have flying bndl
and mammals, fiying . insects of the most di
types, and formerly had flying reptiles, it is conceivabl
that ﬂying-ﬂsh, which now glide far through the air,
ahghﬂy rising and turning by the aid of their flut-
tering fins, might have been modified into perfectly’
winged animals. If this had been effected, who would
have ever imagined that in an early transitional state
they had been inhabitants of the open ocean, and had
used their incipient organs of flight exclusively,
far as we know, to escape being devoured by of
fish ?

‘When we see any structure highly perfected for
particular habit, as the wings of a bird for flight,
should bear in mind that animals displaying early
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sitional grades of the structure will seldom continue to
exist to the present day, for they will have been sup-
planted by the very process of perfection through natural
selection. Furthermore, we may conclude that transi-
tional grades between structures fitted for very different
habits of life will rarely have been developed at.an early
riod in great numbers and under many subordinate
ns. Thus, to return to our imaginary illustration of
flying-fish; it does niot seem probable that fishes
le of true flight would have been developed under
subordinate forms, for taking prey of many kinds
many ways, on the land and in the water, until their
us of flight had come to a high stage of perfection,
as to have given them a decided advantage over other
mals in the battle for life. Hence the chance of dis-
species with transitional grades of structure in
il condition will always be less, from their having
d in lesser numbers, than in the case of species
fully developed structures.
~ Lwill now give two or three instances of diversified
of changed habits in the individuals of the same
pecies.  When cither case occurs, it would be easy for
iral selection to fit the animal, by some modification
its structure, for its changed habits, or exclusively
or one of its several different habits. But it is difficult
ll, and immaterial for us, whether habits generally
first and structure afterwards ; or whether slight
cations of structure lead to changed habits; both
y often change almost simultaneously. Of cases
ged habits it will suffice merely to allude to that
many British insects which now feed on exotic
or exclusively on artificial substances. Of diver-
bits innumerable instances could be given: I
ten watched a tyrant flycatcher (Saurophagus
tus) in South America, hovering over one spot
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and then proceeding to another, like a kestrel, and at
other times standing stationary on the margin of water,
and then dashing into it like a kingfisher at a fish. In
our own country the larger titmouse (Parus major) may
be seen climbing branches, almost like a creeper; it
often, like a shrike, kills small birds by blows on the
head ; and T have many times seen and heard it ham-
mering the seeds of the yew on a branch, and thus
breaking them like a nuthatch. In North America the
black bear was seen by Hearne swimming for hours
with widely open mouth, thus catching, almost like a
whale, insects in the water.

As we sometimes see individuals of a species following
habits widely different from those of their own species
and of the other species of the same genus, we might
expect, on my theory, that such individuals would oc-
casionally have given rise to new species, having anom-
alous habits, and with their structure either slightly or
considerably modified from that of their proper type.
And such instances do occur in nature. Can a more
striking instance of adaptation be given than that of a
woodpecker for climbing trees and for seizing insects in
the chinks of the bark? Yet in North America thera
are woodpeckers which feed largely on fruit, and others
with elongated wings which chase insects on the wing.
On the plains of La Plata, where not a tree grows, there
is a woodpecker (Colaptes campestris) which has two
toes before and two behind, a long pointed tongue, stiff
pointed tail-feathers, but not so stiff as in the typical
woodpeckers (yet T have seen it use its tail when alight-
ing vertically on a post), and a straight strong beak. The
beak, however, is not so straight or so strong as in the
typical woodpeckers, but it is strong enough to bore.
into wood ;.and T may mention, as another illustration of
the varied habits of the tribe, that a Mexican Colaptes.
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has been described by De Saussure as boring holes into
hard wood in order to lay up a store of acorns for its
future consumption! Hence the Colaptes of La Plata
in all the essential parts of its organisation is a wood-
pecker, and until recently was classed in the same
typical genm Lven such trifling characters as its
colouring, the harsh tone of its voice, and undulatory
flight, all told me plainly of its close blood-relationship
10 our common species; yet it is a woodpecker, as I can
assert not only from my own observation, but from that
 of the accurate Azara, which never climbs a tree !
Petrels are the most aérial and oceanie of birds, but
in the quiet Sounds of Tierra del Fuego, the Puffinuria
berardi, in its general habits, in its astonishing power
of diving, its manner of swimming, and of flying when
unwillingly it takes flight, would be mistaken by any
‘one for an auk or a grebe ; nevertheless, it is a-entnl.ly
pnh'el but with many parts of its urglnl-don pl'o-
modifi

acutest observer by examining its dead body would
1 have suspected its sub-aquatic habits; yet this
omalons member of the terrestrial thrush family
olly subsists by diving,—grasping the stones with its
and using its wings under water. All the members

the great order of H; are terrestrial, ex-
ng the genus Proctotrupes, wluch Sir John Lnb-
lhas recently discovered to be aquatic in its habits ;
ften enters the water and dives about by the use
ﬁl legs but of its wings, and remaius as long as
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we now see it, must occasionally have felt surprise when
he has met with an animal having habits and structure
not at all in agreement. What can be plainer than
that the webbed feet of ducks and geese are formed for
swimming? yet there are upland geese with webbed
feet which rarely or never go near the water; and no
one except Audubon has seen the frigate-bird, which-
Thas all its four toes webbed, alight on the surface of the
sea. On the other hand, grebes and coots are emi-
nently aquatic, although their toes are only bordered by
membrane. What seems plainer than that the long
toes, not furnished with I of the Grall 3
are formed for walking over swamps and floating plants?
—the water-hen and landrail are members of this order,
yet the first is nearly as aquatic as the coot, and the
second nearly as terrestrial as the quail orpnrtridgq.
In such cases, and many others could be given, habits
have changed without a corresponding change of strue-
ture, The webbed feet of the upland goose may be
said to have become rudimentary in funetion, though
not in structure. In the frigate-bird, the deeply-scooped.
membrane between the toes shows that structure
begun to change.
He who believes in separate and innumerable acts c(
creation will say, that in these cases it has pleased the
Creator to cause a being of one type to take the place

bers; and that if any one varies ever so little, either
habmorﬂrn&ne.nndﬂmlgnmlmndvuhge
some other inhabitant of the country, it will seize
the place of that inhabitant, however different it
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 be from its own place. Hence it will cause him no sur-
prise that there should be geese and frigate-birds with
webbed feet, living on the dry land or most rarely
alighting on the water ; that there should be long-toed
comerakes living.in meadows instead of in swamps;
that there should be woodpeckers where not a tree

0 at there should be diving thrushes and diving -

era, and petrels with the habits of auks.

Organs of extreme Perfection and Complication.
- To suppose that the eye, with all its inimitable con-
1 es for adjusting the focus to different distances,
admitting different amounts of light, and for the

i aberration, could

und, the common sense of mankind declared the doc-
rine false ; but the old saying of Var populi, voz Dei, as
ry philosopher knois, cannot be trusted in science.
deason tells me, that if numerous gradations from a
¢t and complex eye to one imperfect and simple,
grade being useful to its possessor, can be shown
o exist; if further, the eye does vary ever so slightly
the variations be inherited, which is certainly the

5 and if any variation or modification in the organ
useful to an animal under changing conditions
then the difficulty of believing that a perfect
x eye could have been formed by natural
on, though insuperable by our imagination, can
lly be considered real. How a nerve comes to be
sitive to light, hardly concerns us more than how life
ngmted blnlmymmnrkdm,um
Jowest organisms, in which nerves cannot be

l, are known to be sensitive to light, it does
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not seem impossible that certain elements in their tis-
sues or sarcode should have become aggregated and
developed into nerves endowed with special sensibility
to its action.
In searc\nng for the gradations throngh which any
organ in any species has been perfecM we ought to
* look ively to its lineal ; but this is
scarcely ever possible, and we are fmedm each case to
look to other species and genera of the same group,
that is to the collateral descendants from the same
original parent-form, in order to see what gradations
are possible, and for the chance of some gradations
having been transmitted from the earlier stagés of
descent, in an unaltered or little altered condition. But
the state of the same organ even in the other main
divisions of the organic world may incidentally throw
light on the steps by which it has been perfected. !
The simplest organ which can be called an eye co
sists of an optic nerve, surrounded by pigmen g
covered by translucent skin, but without any lenl or
other refractive body. We may, however, according
M. Jourdain, descend even a step lower and find ag
gates of pigment-cells, apparently serving as an ot
of vision, but which rest merely on sarcodic tissue
furnished with any nerve. Eyes of the above sin
nature are not capable of distinet vision, but serve me:
tadmgmnhhght from darkness. In certains h
small depressions in the layer of pigment which
rounds the nerve are filled, as described by the
just quoted, with transparent gelatinous matter,
this projech outwardly with a convex surface, like
cornea in the higher animals. He suggests that
structure serves not to form an image, but only to
centrate the luminous rays and render their perc
more perfect. In this concentration of the rays w
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guin the first and by far the most important step to-
 wards the formation of a true or picture-forming eye ;
 for we have only to place the naked extremity of the
optic nerve, which in some of the lower animals lies
deeply buried in the body and in some near the sur-
face, at the right distance from the concentrating appa-
“ratus, and an image must be formed on it.
- In the great class of the Articulata, if we look for
radations, we may start from an optic nerve simply
coated with pigment, which sometimes forms a sort of
pupil, but is destitute of a lens or other optical con-

fivance. From this point we have to make a rather
stride than in the case of the above-mentioned
, and we come to certain Crustaceans in which
eyes are covered by a double cornea,—the ex-
membrane smooth and the internal one divided

and these lenses can sometimes be
d in a layer distinct from the cornea. With
s it is now known that the numerous cones sur-
ded by pigment, which form the great compound
are filled with transparent refractive matter,

these cones produce images; but in addition, in
L beetles the facets of the cornea are slightly
uvex both externally and internally,—that is, are
haped.  Altogether so diversified is the structure
the eye in the Articulata that Miller makes three
i classes, with seven subdivisions, of compound eyes,
adds a fourth main class of aggregated simple-

we reflect on these facts, here given too briefly
perfectly, with respect to the wide, diversified,
raduated range of structure in the eyes of the
Articulata; and when we bear in mind how
L
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m.llﬂwnnmbcrof-llknngﬁ:mlmmbemmn
with those which have become extinct, the

Class.

He who will go thus far, if he should find on fini
this volume that large bodies of facts, otherwise i
plicable, can be explained by the theory of descent
modxﬂutmn. ought not to hesitate to go further, and

steps. Even in the Vertebrata, so manifestly the
highly organized division of the animal kingdom,
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i tion; thongh I have felt the difficulty far too keenly

10 be surprised at any degree of hesitation in extending
the principle of natural selection to 5o startling a length.
It is scarcely possible to avoid comparing the eye to
atelescope.  We know that this instrument has been
fected by the long-continued efforts of the highest
man intellects ; and we naturally infer that the eye

been formed by a somewhat analogous process. But
not this inference be presumptuous? Have we
right to assume that the Creator works by intel-
ual powers like those of man? If we must com-
te the eye to an optical instrument, we ought in
ion to take a thick layer of transparent tissue,
spaces filled with fluid, and with a nerve sensitive

placed at different distances from each other,
md with the surfaces of each layer slowly changing in
-Further we must suppose that there is a power
ral selection) always intently watching each slight

tal alteration in the transparent layers; and
selecting each alteration' which, under varied

¢ optical instrument might thus be formed as
L2
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snperior to one of glass, as the works of the Creator are
to those of man?

Modes of Transition.
If it could be demonstrated that any complex organ

would absolutely break down. But I can find out n
such case. No doubt many organs exist of which we
not know the transitional grades, more especially if
look to much-isolated species, round which, according
my theory, there has been much extinction. Or
if we look to an organ common to all the members of
large class, for in this latter case the organ must
been originally formed at an extremely remote pe;
since which all the many members of the class h
been developed; and in order to discover the e
transitional grades through which the organ has p
we should have to look to very ancient ancestral
long since become extinet.

‘We should be extremely cautious in concluding th
an organ could not have been formed by transi
gradations of some kind. Numerous cases could
given amongst the lower animals of the same
performing at the same time wholly distinct fune
thus the alimentary canal respires, digests, and excretes
in the larva of the dragon-fly and in the fish Cobite
In the Hydra, the animal may be turned inside
and the exterior surface will then digest and the
respire. In such cases natural selection might
cialise, if any advantage were thus gained, the who
part of an organ, which had performed two functios
for one function alone, and thus greatly change
nature by insensible steps. Many cases are known €
plants which regularly produce at different p
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their inflorescence, as on the summit of a spike and
lower down, or at the centre and circumference of an
umbel, corymb, &e., or during different periods of the
year, differently constructed flowers; and if the plant
were to cease producing both kinds and bore one alone,

a great change would suddenly be effected in its specific
character. It is a distinct question how the same plant
has come to produce two kinds of flowers; but it can be
shown in some cases to be probable, and in other cases
to be almost certain, that this has been effected by
he]y grsdunted steps. Again, two dmmwt organs i in the

srform the

me function, and this is npl:ghly important means of
transition : to give one instance,—there are fish with
ills or branchize that breathe the air dissolved in the
at the same time that they breathe free air in
swimbladders, this latter organ having a ductus
maticus for its supply and being divided by highly
partitions. To give another instance from the
getable kingdom : plants climb by three distinet
! by spirally twining, by clasping a support with
sensitive tendrils, rmd by the emission of aérial
s; these three means are usually found in distinet
d or families, but some few plants exhibit two of
16 means, or even all three, combined in the same
d In all such cases one of the two organs or
s of performing the same function might be modi-
‘and perfected so as to perform all the work, being
d during the process of modification by the other
rgan; and then this other organ might be modified for

other and quite distinet purpose, or be wholly

e illustration of the swimbladder in fishes is a good
se it shows us clearly the highly important
an organ originally constructed for one pur-
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pose, namely flotation, may be converted into one for &
widely different purpose, namely respiration. The swim-
bladder has, also, been worked in as an accessory to the
anditory organs of certain fish, or, for I do not know
which view is now generally beld, a part of the audi-
tory apparatus has been worked in as a complement
to the swimbladder.  All phynologum admit that the
swimbladder is similar

extreme difficulty in believing that natural selection has
actually converted a swimbladder into a lung, or organ
used exclusively for respiration.

On this view it may be inferred that all vertebrate
animals having true lungs have descended by ordinary
generation from an ancient prototype, of which we know.
nothing, furnished with a floating apparatus or swim-
bladder. We .can thus, as I infer from Professor Owen’s
interesting description of these parts, understand the
strange fact that every particle of faod and drink wh&

the beautiful contrivance by which the glottis is clo
In the higher Vertebrata the branchiz have wholly
|—in the embryo the slits on the sides of
neck and the loop-like course of the arteries still
their former position. But it is conceivable that the
utterly lost branchim might have been gradually

in by natural selection for some quite distinet pu :
in the same mauner as, on the view entertained b

very ancient
actually converted into organs of flight.
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In conu'dering transitions of organs, it is so important
10 bear in mind the probability of conversion from one
function to another, that I will give one more instance.
Pedunculated cirripedes have two minute folds of skin,
called by me the ovigerous frena, which serve, through
the means of a sticky secretion, to retain the eggs until
they are hatched within the sack. These cirripedes
have no branchiw, the whole surface of the body and of
ﬁn sack, u:clndmg the small frena, serving for respira-

The Balanide or sessile cirripedes, on the other

M have no ovigerous frena, the eggs lying loose at
he bottom of the sack, in the well-enclosed shell ; but

bey have, in the same relative position with the frena,
large, much-folded membranes, which freely commu-
cate with the circulatory lacun of the sack and body,
d which have been considered to be branchim by
Owen and all other naturalists who have treated
the lub_‘ect. Now I think no one will dispute that
ovigerous frena in the one family are strictly homo-
with the branchie of the other family; indeed,
graduate into each other. Therefore it need not

through an i
n of their adhesive glmdn. 1f all pedunculated
had become extinct, and they have already
red far more extinction than have sessile cirripedes,
would ever have imagined that the branchie in
latter family had originally existed as organs
enting the ova from being washed out of the
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Cases of special Difficulty on the Theory of Natural
Selection.

Althongh we must be extremely cautious in con-
cluding that any organ could not have been produced
ive transitional grad, doubted],

by p yet y
serions cases of difficulty oceur, some of which will be
discussed in my future work.

One of the most serious is that of neuter insects, which
are often differently constructed from either the males
or fertile females; but this case will be treated of in
the next chapter, The electric organs of fishes offer
another case of special difficulty ; for it is impossible
1o conceive by what steps these wondrous organs have
been produced. As Owen has remarked, there is much

between them and ordinary muscles, in their
manner of action, in the influence on them of the
nervous power and other stimulants such as strychnine,
and as some believe in their intimate structure. We

are possible,
the electric organs might have been develo)
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These same organs at first appear to offer another and
far more serious difficulty ; for they oceur in about a
dozen kinds of fish, of which several are widely remote
in their affinities. Generally when the same organ is
~ found in several members of the same class, especially
~if in members having very different habits of life, we.
~ may attribute its presence to inheritanee from a common
ancestor; and its absence in some of the members to
loss through disuse or natural selection. So that, if the
electric organs had been inherited from some one ancient

organs, which their modified descendants have

tow lost.  But when we look closer to the subject, we find
in the several fishes provided with electric organs that
hese are situated in different parts of the body,—

they differ in ion, as in the

the plates, and, according to Pacini, in the process or
by which the electricity is excited,—and lastly,
Tequisite nervous power (and this is perhaps the
st important of all the differences) being supplied
ough different nerves from widely different sources,

in the several remotely allied fishes furnished
electrie organs, these cannot be considered as ho-
ous, but only as analogous in function. Conse-
there is no reason to suppose that they bave
inherited from a common progenitor; for had this
case they would have closely resembled each
all respects. Thus the greater difficulty dis-
s, leaving only the lesser yet still great diffi-
namely, by what graduated steps these organs

risen and been developed in each separate

L3
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The luminous organs which occur only in a few
insects, belonging to widely different families and
orders, but which are situated in different parts of their
bodies, offer a difficulty almost exactly parallel with
thnuftheelec&icugml. Oﬂmrnucmldbegim;
for instance in plants, the very curious contrivance of
ama-ofpollan@im,bumeonnfwuhlkmthm
adhesive gland, is apparently the same in Orchis and

i almost as remote as is possible
amongst flowering plants, In all these cases of two
species, far removed from each other in the scale
of organisation, being furnished with a similar ano-
malous organ, it should be observed that although the
general appearance and function of the organ may be
identically the same, yet some fundamental difference
between them can always, or almost always, be detected.
T am inclined to believe that, in the same manner as two
men have sometimes independently hit on the same
invention, so natural selection, working for the good of
each being and taking ldvlnhge of analogous variations,
has sometimes modified in nearly the same way two
organs in two organic beings, which owe but little
their structure in common to inheritance from a common
progenitor.

Fritz Miiller, in a remarkable work recently pub-
lished, has discussed a case nearly parallel with
of electric fishes, luminous insects, &c.; he
the laborious examination of this case in order to
the views advanced by me in this volume.
families of crustaceans include a few members
are fitted to live out of the water and possess an
breathing apparatus. In two of these families,
were more especially examined by Miller, and
are nearly related to each other, the species agree
closely in all important characters: namely in -th
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structure of their sense-organs, in their heart and system
of circulation, in the position of every taft of hair with
which their stomachs, equally complicated in both cases,
are lined, and Instly in the water-breathing branchie,
even to the microscopical hooks by which they are
cleansed.  Hence it might have been expected from
mere analogy that the equally important air-breathing
apparatus would have been the same in the few species
in both families which are thus furnished; and this
might have been the more confidently expected by those
who believe in the creation of each separate species;
for why should this one apparatus, given for the same
special purpose to a few species which are so closely
similar or rather identical in all other important points,
have been made to differ ?
~ Fritz Miller then argued to himself that this close
similarity in so many points of structure must, in ac-
ordance with the views advanced by me, be acconnted
by inheritance from a common progenitor. But
the vast majority of the species in the above two
es, as well as the main body of erustaceans of all
are aquatic in their habits, it is improbable in
highest degree, that their common progenitor should
we been adapted for breathing air. Miller was thus
led carefully to examine and describe the apparatus in
o few air-breathing species; and: in each he found it
o differ in several important points, as in the position
f the orifices, in the manner in which they are opened
| closed, and in some accessory details, Now,on the
that species belonging to distinet families, already
ring in some characters, and which whenever they
d would probably bave varied in different manners,
been slowly adapted through natural selection to
e and more out of water and to breathe the air,
intelligible, and might even have been con-
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fidently expected, that the structural contrivances thus
acquired would in each case have materially differed,
alhough serving for the same purpose. On the hypo-
thesis of separate acts of creation the whole case must
remain unintelligible, and we can only say, so it is.
This line of argument seems to have had great weight
in leading this distinguished naturalist fully to accept
the views maintained by me in this volume,

In the several cases just discussed, we have scen that
in beings more or less remotely allied, the same end is
gained and the same function performed by organs in
appearance, though not in truth, closely similar. But
the common rule throughout nature is that the same
end is gained, even sometimes in the case of beings
closely related to each other, by the most diversified
means. How differently constructed is the feathered
wing of a bird and the membrane-covered wing of a bat
with all its fingers developed ; and still more so the four
wings of a butterfly, the two wings of a fly, and the two
of a beetle with their elytra. Bivalve shells have only
to open and shut, but on what a number of patterns is
the hinge constructed, from the long row of neatly in-
terlocking teeth in a Nucula to the simple ligament of
a Mussel. Seeds are disseminated by their minuteness
or by their capsule being converted into a light balloon~
like envelope; or by being embedded in pulp or flesh,
formed of the most diverse parts, and rendered nutri-
tious as well as conspicuously coloured, so as to attract
and be devoured by birds; or by having hooks and
grapnels. of many kinds and serrated awns, so as to
adhere to the fur of quadrupeds: or by being furnished
with wings and plumes, as diversified in shape
elegant in structure, so as to be wafted by every b
1 will give one other instance ; for the subject is wor
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of reflection by those who are not able to credit that
organic beings have been formed in many ways for the
sake of mere variety, like toys in a shop. With plants
having separated sexes, and with those in which, thongh
hermaphrodites, the pollen does not spontaneously fall
on the stigma, some aid is necessary for their fertilisa-
tion. With several kinds this is effected by the light
and incoherent pollen-grains being blown by the wind
through mere chance on to the stigma; and this is the
simplest plan which can well be conceived. An almost
equally simple, though very different, plan occurs in
many cases, in which a lymmelne.l flower secretes a
few drops of nectar, and is consequently visited by
insects; and these carry the pollen from the anthers to

the stigma.

l“mm this simple stage we may pass through an in-
ible number of all for the same
nnd effected m essentially the same manner,

i forming trap-like contrivances, and some-
capable of neatly adapted movements through
ity or elasticity. From such structures we may
till we come to such an acme of perfect adapta-
as has lately been deseribed by Dr. Criiger in the
of Coryanthes. This orchid has its labellum or
lip hollowed out into a great bucket, into which
of almost pure water, not nectar, continually fall
two secreting horns which stand above it; and
the bucket is half full, the water overflows by a
gt on one side. The basal part of the labellum
over the bucket, and is itself hollowed out into
of chamber with two lateral entrances, within

~and outside there are some curious fleshy ridges.
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The most ingenious man, if he had not witnessed what
takes place, could never have imagined what purpose
all these parts served. But Dr. Criiger saw crowds of
large humble-bees visiting the gigantic flowers of this
orchid in the early morning, and they came, not to suck
nectar, but to gnaw off the ridges above the bucket ; in
doing this they frequently pushed each other into the
bucket, and thus their wings were wetted, so that they
could not fly out, but had to crawl out through the pas-
sage formed by the spout or overflow. Dr. Criiger has
seen a “continual procession ” of bees thus crawling out
of their involuntary bath. The passage is narrow, and is
roofed over by the column, so that a bee, in forcing its
way out, first rubs its back against the viscid stigma.
and then against the viscid glands of the pollen-masses.
The pollen-masses are thus glued to the back of the
bee which first happens to erawl through the passage of
a lately expanded flower, and are thus carried away..
Dr. Criiger sent me a flower in spirits of wine, with a
bee which he had killed before it had quite crawled out
of the passage with a pollen-mass fastened to its back.
~ When the bee, thus provided, flies to another flower, or
to the same flower a second time, and is pushed by its
comrades into the bucket and then crawls out by the pas-
sage, the pollen-mass necessarily comes first into contae

of the shape of every part of the flower! The e
struction of the flower of another closely allied orch
namely Catasetum, is widely different, though
the same end; and is equally curious. Bees tl
flower, as in the case of the Coryanthes, in order to
gnaw the labellum ; in doing this they inevitably toueh
a long, tapering, sensitive projection, or, as I have calle
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it, antenna. The antenna being touched causes a certain
pture throngh its own irritability, and

by its viscid extremity to the back of the bee. The
- pollen-mass is thus carried to another flower, where it
brought into contact with the stigma, which is viscid
enough to break certain elastic threads, and to retain
the pollen-mass, which then performs its office of fer-
tilisati

How, it may be asked, in the foregoing and in innu-
merable other and similar cases, can we understand the

ease of forms widely remote from each other in affinity,
and with forms so closely allied as are the two orchids
described? Tt was shown, when we discussed the
-breathing app of certain that the
of adaptation for any purpose may start from
or more forms already differing from each other to
iderable degree, and that in almost all cases the
ng of the variability, on which natural selection has
work, will be different ; consequently, the final strue-
gained through natural selection, though serving
or the same purpose, will be different. We must also
ear in mind that every well-developed organism has
dy passed through a long course of modification ;
d that each modified structure tends to be inherited,
it will not readily be lost, but may be modified
and again. Hence the structure of each part of
pecies, for whatever purpose used, will be the sum
many inherited changes, through which that spe-
passed during its successive adaptations to

d habits and conditions of life.
then, although in many cases it is most
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difficult to conjecture by what transitions organs have
arrived at their present state; yet, considering that the
proportion of living and known forms is very small com-
pared with the extinet and unknown forms, I have been
astonished how rarely an organ can be named, towards
which 1o transitional grade is known to lead. It cer-
tainly is true, that new organs very rarely or never sud-
denly appear in any class, as if created for some special
purpose ; as indeed is shown by that old, but somewhat
exaggerated, canon in natural history of “ Natura non
facit saltum.” We meet with this admission in the
writings of almost every experienced naturalist; as
Milne Edwards has well expressed it, Nature is prodigal
in variety, but niggard in innovation. Why, on the
theory of Creation, should there be so much variety
and so little novelty ? Why should all the parts and
organs of many independent beings, each supposed to
have been separately created for its proper place in
nature, be so commonly linked together by graduated
steps? Why should not Nature take a sudden leap
from structure to structure? On the theory of natural
selection, we can clearly understand why she should
not ; for natural selection acts only by taking advantage
of slight successive variations ; she can never take a
sudden leap, but must advance by short and sure thon@t
slow steps.

Organs of little apparent Importance, as affected by
Natural Selection.

As m\tunl selechon ucts by life and death, —hy
with any fi

uon, and by r.he destruction of those with any unfa

able deviation of structure,—I-have sometimes

much difficnlty in understanding thé origin of si
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parts, of which the importance does not seem sufficient
to cause the preservation of successively varying indi-
viduals. 1 have sometimes felt as much difficulty,
though of a very different kind, on this head, as in the
case of an organ as perfect and complex as the eye.

to the whole economy of any one orgnmu being, to say
what slight modifi would be of imp ornot. '
In a former chapter I have given instances of most
trifling characters, such as the down on fruit and the
colour of its flesh, the colour of the skin and hair of
quadrupeds, which, from being correlated with consti-

could have been ndnpwd for its present purpose by
essive slight modifications, each better and better,
80 trifling an object as driving away flies; yet we
pause before being too positive even in this case,
we know clnt the distribution lnd existence of cattle

individuals which could by any means defend them-
E from these small enemies, would be able to range

ato new pastures and thus gain a great advantage. It
ot that the larger quadrupeds are actually destroyed
in some rare cases) by flies, but they are inces-
harassed and their strength reduced, so that they
subject to disease, or not so well enabled in
dearth to search for food, or to escape from

Jroy.

ws now of trifling importance have probably in
‘cases been of high importance to an early pro-

nitor, and, after ‘having been slowly perfected at a
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former period, have been transmitted in nearly the same
state, although now become of very slight use; and
any actually injurious deviations in their structure will
always have been checked by natural selection. Seeing
how important an organ of locomotion the tail is in
most aquatic nmmn]x, its general presence and use for
many purposes in so many land animals, which in their
llmgu or modified swimbladders betray their aquatic

may perhaps be thus accounted for. A well-
developed hilhnving been formed in an aquatic animal,
it might subsequently come, to be worked in for all sorts
of purposes, as a fly-flapper, an organ of prehension, or
as an aid in turning, as with the dog, though the aid
must be slight, for the hare, with hardly any tail, can
double quickly enough.

In the second place, we may sometimes attribute
importance to characters which are really of very little
importance, and which have originated from quite
secondary causes, independently of natural selection.
‘We should remember that climate, food, &e., probably
have some little direct influence on the organisation;
that characters reappear from the law of reversion ; that
correlation of growth will have had a most important
influence in modifying various structures; and finally,
that sexual selection will often have largely modified the
external characters of animals having a will, to give
one male an advantage in fighting with another or in
charming the females, Moreover, when a modification
of structure has primarily arisen from the above or other
unknown causes, it may at first have been of no advantage
to the species, but may subsequently have been taken
advantage of by the descendants of the species under
new conditions of life and with newly acquired habits.
To give a few instances to illustrate these latter
marke,  If green woodpeckers alone had existed,
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we did not know that there were many black and pied
kinds, I dare say that we should have thought that the
green colour was a beautiful Adnputmn to hide this
tree-frequenting  bird from its enemies; and conse-
quently that it was a character of importance and might
have been acquired through natural selection ; us it is,
wo cannot doubt that the colonr is due to some
distinct cause, probably to sexugl selection. A trailing
palm in the Malay Archipelago climbs the loftiest trees
- by the aid of exquisitely constructed hooks clustered
around the ends of the branches, and this contrivance,
~ no doubt, is of the highest service to the plant; but as
- we see nearly similar hooks on many trees which are
mot climbers, the hooks on the palm may have arisen
from unknown laws of growth, and have been subse-
y taken advantage of by the plant undergoing
modification and becoming a climber. The
‘nuked skin on the head of a vulture is generally con-
lered as a direct adaptation for wallowing in putridity ;
lntmyhe or it may possibly be due to the
of putrid matter; but we should be very
it wing any such inference, when we see
ﬂnlhnonthehmdtﬂﬂmcl»feedmgmde
ey is likewise naked. The sutures in the skulls
mmmma]ahvsbeen advanced as a beautiful
ion for aiding parturition, and no doubt they
), or may be indispensable for this act; but as
es occur in the skulls of young birds and reptiles,
have only to escape from a broken egg, we may
that this structure has arisen from the laws of
and has been taken advantage of in the par-
tion of the higher animals.
e are profoundly ignorant of the causes producing
and unimportant variations; and we are imme-
ely made conscious of this by reflecting on the
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differences in the breeds of our domesticated animals in
different countries,—more especially in the less civilised
countries where there has been but little artificial selee-
tion. Animals kept by savages in different countries
often have to struggle for their own subsistence, and
would be exposed to a certain extent to natural selee~
tion, and individuals with slightly different constitutions
would succeed best under different climates. A

observer states that in cattle susceptibility to the at-
tacks of flies is correlated with colour, as is the liability
to be poisoned by certain plants; so that even colour
would be thus subjected to the action of natural se-
lection. Other observers are convinced that a damp
climate affects the growth of the hair, and that with the
hair the horns are correlated. Mountain breeds always
differ from lowland breeds; and a mountainous country
would probably affect the hind limbs from exercising
them more, and possibly even the form of the pelvis;
and then by the law of homologous variation, the front
limbs and the head would probably be affected. The
shape, also, of the pelvis might affect by pressure the
shape of the head of the young in the womb. The
laborious breathing necessary in lugh regions wo\lld,
we have some reason to believe, increase the size
the chest; and again correlation would come into play.
The aﬁeﬂ. on the whole organisation of lessened exer-
cise with abundant food is probably still more import=
ant; and this, as H. von Nathusius has lately shown in
his excellent Treatise, is apparently one chief cause of |
the great modification which the breed.l of swine have

them only to show that, if we are unable to account
the characteristic differences of our domestic
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which nevertheless we generally admit to have arisen
throngh ordinary generation, we ought not to lay too
- much stress on our ignorance of the precise cause of
the slight analogous differences between species. I
- might have adduced for this same purpose the differ-
ences between the races of man, which are so strongly
warked; I may add that some little light can appa-
rently be thrown on the origin of these differences,
chiefly through sexual selection of a particular kind,
but without here entering on copious details my reason-
ing would appear frivolous.

Utilitarian Doctrine how far true : Beauty how acquired.
The foregoing remarks lead me to say a few words
on the protest lately made bywmenwmlnh.lplm
utilitarian doctrine that every detail of structure
has been produced for the good of its possessor. They
believe that very many structures have been created
or beauty in the eyes of man, or, as already mentioned

d discussed, for the sake of mere variety. Such doe-
s, if true, would be absolutely fatal to my theory.
fet I fully admit that many structures are of no direct
to their possessors. Physical conditions probably
we had some little direct effect on structure, quite
ndependently of any good thus gained. Correlation
growth no doubt has largely come into action, and
eful modification of one part has often entailed

m other parts changes of structure of no direct use.
b again characters which formerly were useful, or
formerly had arisen from correlation of growth,
om other unknown causes, may reappear from the
reversion, though now of no direct use. But by
most important consideration is that the chief
of the organisation of every being is simply due
inheritance ; and consequently, though’ cach being -
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unmdly is well fitted for its place in nature, many
+structures now have no direct relation to the habits of
| life of each species. Thus, we can hardly believe that
" the webbed feet of the upland goueorofthehgw-
bird are of special use to these birds ; we cannot believe
that the similar bones in the arm of the monkey, in
the fore-leg of the horse, in the wing of the bat, and
in the flipper of the seal, are of special use to these
animals. We may safely attribute these structures to
inheritance. But to the progenitor of the upland goose
and of the frigate-bird, webbed feet no doubt were as
useful as they now are to the most aquatic of existing
birds. So we may believe that the progenitor of the
seal had not o flipper, but a foot with five toes fitted
for walking or grasping; and we may further venture
to believe that the several bones in the limbs of the
monkey, horse, and bat, which have been inherited from
a common progenitor, were formerly of more special use
to that prugemtur, or its progenitors, than they now are

having such widely diversified habits.

have been acquired through natural selection, lnb;eﬂ
| formerly, as now, to the several laws of inheritance, re-
version, correlation of growth, &e. Hence every detail
of structure in every living creature (making some little
allowance for the direct action of physical conditions)
may be viewed, either as having been of special use te
some ancestral form, or as being now of special use
to the descendants of this form—either dlmﬂy,

—1I may first remark that the idea of the beauty of
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particular object obviously depends on the mind of man,
irrospective of any real quality in the admired object;
and that the idea is not an innate and unalterable
element in the mind. We see this in men of different
_mces admiring an entirely different standard of beauty
in their women; neither the Negro nor the Chinese
admires the Caucasian beau-ideal. The idea also of
beauty in natural scenery has arisen only within modern
times. On the view of beautiful objects having been
ereated for man’s gratification, it ought to be shown
that there was less beauty on the face ofthe earth
before man appeared than since he came on the stage.
Were the beautiful volute and cone shells of the Eocene

admire them in his cabinet? Few objects are
e beautiful than the minute siliceous cases of the
nacew : were these created that they might be
d and admired under the higher powers of the
roscope ? The beauty in this latter case, and in
others, is apparently wholly due to
Flowers rank amongst the most beautiful
ctions of nature ; and they have become through
selection beautiful, or rather conspicuous in
with the greenness of the leaves, that they
ght be easily observed and visited by insects, so that
ir fertilisation might be favoured. I have come to
8 conelusion from finding it an invariable rule that
hen o flower is fertilised by the wind it never has a
ed corolla. Again, several plants habitu-
‘produce two kinds of flowers; one kind open and
d so as to attract insects; the other closed and
ured, destitute of nectar, and never visited by
‘We may safely conclude that, if insects had
sted on the face of the earth, the vegetation
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would not have been decked with beautiful flowers, but
would have produced only such poor flowers as are now
borne by our firs, oaks, nut and ash trees, by the grasses,
by spinach, docks, and nettles. A similar line of argu-
ment holds good with the many kinds of beautiful fruits;
that a ripe strawberry or cherry is as pleasing to the eye
as to the palate, that the gaily-coloured fruit of the
spindle-wood tree and the scarlet berries of the holly
are beautiful objects, will be admitted by every one.
But this beauty serves merely as a guide to birds and
beasts, that the fruit may be devoured and the seeds
thus disseminated : T infer that this is the case from
having as yet found in every instance that seeds, which
are embedded within a fruit of any kind, that is within
a fleshy or pulpy envelope, if it be coloured of any
brilliant tint, or merely rendered conspicuous by being
coloured white or black, are always disseminated by
being first devoured.

On the other hand, I willingly admit that a great
number of male animals, as all our most gorgeous birds,
certainly some fishes, perhaps some mammals, and &
host of i ly coloured b flies and ther.
insects, have been rendered beautiful for beauty’s sake;
but this has been effected not for the delight of man,
but through sexual selection, that is from the more
beautiful males having been continually preferred by
their less ornamented females. So it is with the musie
of birds. We may infer from all this that a similar
taste for beautiful colours and for musical sounds runs
through a large part of the animal kingdom. When |
the female is as beautifully coloured as the male, which |
is not rarely the case with birds and butterflies, the
cause simply lies in the colours acquired through i
selection having been inherited by both sexes, i
of by the males alone, We can sometimes plainly see
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the proximate cause of the transmission of ornaments to
~ the males alone; for a pea-hen with the long tail of the
male bird would be badly fitted to sit on her eggs, and
a coal-black female capercailzie would be far more con-
spicuous on her nest and more exposed to danger than
in her present modest attire.
- Natural selection cannot possibly produce any modi-
fication in any one species exclusively for the good of
another species; though throughout nature one species
 incessantly takes advantage of, and profits by, the struc-
ture of another. But natural selection can and does
often produce structures for the direct injury of other
species, as we see in the fang of the adder, and in the
‘oipositor of the ichneumon, by which its eggs are depo-
sited in the living bodies of other insects. If it could
be proved that any part of the structure of any one
species had been formed for the exclusive good of an-
other species, it would annihilate my theory, for such
d not have be¢h produced through natural selection.
gh many statements may be found in works on
aral history to this effect, I cannot find even one
ch seems to me of any weight. It is admitted that
rattlesnake has a poison-fang for its own defence
d for the destruction of its prey ; but some authors
ose that at the same time this snake is is
a rattle for its own injury, namely, to warn its
to escape. I would almost as soon believe that the
curls the end of its tail when preparing to spring,
er to warn the doomed motse. But I have not
lhere to enter on this and other such cases.
al selection will never produce in a being any=
injurious to_itself, for natural selection acts solely
d for the good of each. No organ will be formed,
Paley has remarked, for the purpose of causing pain
doing an injury to its possessor. If a fair balance
b3
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be struck between the good and evil caused by each
part, each will be found on the whole advantageous.
After the lapse of time, under changing conditions of
life, if any part comes to be injurious, it will be modi-
fied ; or if it be not so, the being will become extinet,
as myriads have become extinct.

Natural selection tends only to make each organic
being as perfect as, or slightly more perfect than, the
other inhabitants of the same country with which it
.has to struggle for existence. And we see that this
is the degree of perfection attained under nature. The
endemic productions of New Zealand, for instance, are
perfect one compared with another ; but they are now
rapidly yielding before the advancing legions of plants
and animals introduced from Europe. Natural selection
will not produce absolute perfection, nor do we always.
meet, as far as we can judge, with this high standard
under nature. The correction for the aberration of light
is said by Miiller not to be perfect even in that most
perfect organ, the hum..n ey& Il our reason leads us
to admire with de of inimitabls
contrivances in nature, this same reason tells us, though
we may easily err on both sides, that some other con-
trivances are less perfect. Can we consider the sting
of the bee as perfeet, which, when used ngmnsc many
attacking animals, cannot be wnthdmwn, owing to the
baclward and so inevitably causes the death
of\‘beinlectbywuingontiﬁsviseen?

If we look at the sting of the bee, as having origin-
ally existed in a remote progenitor as a boring and
serrated instrument, like that in so many members of
the same great order, and which has been modified but
not perfected for its present purpose, with the poison
originally adapted for some purpose, such as to produce
galls, subsequently intensified, we can perhaps under- |
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stand how it is that the use of the sting should so often
cause the insect’s own death: for if on the whole the
power of stinging be useful to the social community,
it will fulfil all the requirements of natural selection,
~ though it may cause the death of some few members.
If we admire the truly wonderful power of scent by
- which the males of many insects find their females, can
- we admire the production for this single purpose of
thousands of drones, which are utterly useless to the
community for any other end, and which are ultimately
slanghtered by their industrious and sterile sisters? 1t
may be difficult, but we ought to admire the savage
instinctive hatred of the queen-bee, which urges her to
destroy the young queens her daughters as soon as
born, or to perish herself in the combat; for undoubt-
edly this is for the good of the community; and ma-
ternal love or maternal hatred, though the latter fortu-
is most rare, is all the same to the inexorable
principle of natural selection. If we admire the several
ngenious contrivances, by which orchids and many
ther plants are fertilised through insect agency, can
consider as equally perfect the elaboration of dense
clonds of pollen by our fir-trees, so that a few granules
may be wafted by a chance breeze on to the ovules?

Summary: the Law of Thity of Type and of the Con-
. Gitio of Eistence embraced by the Theory of Natural
g

We have in this chapter discussed some of the diffi-
and objections which may be urged against my

Many of them are very serious; but I think
in the discussion light has been thrown on several
ts, which on the theory of independent acts of cre-
are utterly obscure. We have seen that species
one period are not indefinitely variable, and are

M

.
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not linked together by a multitude of intermediate

ions, partly because the process of natural selec-
tion will always be very slow, and will act, at any one
time, only on a few forms; and partly because the very
process of umnl selacuondmwhnphel the eonnnunl

Ji

of p and

gudamms. Claelyllhedlpemu,nawhvingnnnm-
tinuous area, must often have been formed when the
area was not continuous, and when the conditions of
life did not insensibly graduate away from one part to
another. When two varieties are formed in two dis-
tricts of a continuous area, an intermediate variety will -
often be formed, fitted for an intermediate zone; but
from reasons assigned, the intermediate variety will
usually exist in lesser numbers than the. two forms
which it connects; consequently the two latter, during
the course of further modification, from existing in
greater numbers, will have a great advantage over the
Jless numerous intermediate variety, nndwlllthugun-
rally succeed in supplanting and

‘We have seen in this chapter how cautious wellmld
be in concluding that the most different habits of life
could not graduate into each other; that a bat, for
instance, could not have been formed by natural sel
tion from an animal which ntﬁntoon!donlyglih

the air.

‘We have scen that a species may under new condi-
tions of life change its habits, or have diversified habits,
with some habits very unlike those of its nearest con=
geners, Hence we can understand, bearing in
that each organic being is trying to live wherever |
can live, how it has arisen that there are upland
with webbed feet, ground woodpeckers, diving
and petrels with the habits of auks.

Although the belief that an organ so perfect as
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eye could have been formed by natural selection, is
more than enough to stagger any one; yet in the case
of any organ, if we know of a long series of gradations
in complexity, each good for its possessor, then, under
ohngmg conditions of life, there is no logical impossi-
bility in the acquirement of any conceivable degree of
perfection through natural selection. In the cases in
which we know of no intermediate or transitional states,
we should be very cautious in concluding that none have
existed, for the homologies of many organs and their
intermediate states show what wonderful metamorphoses
in function are at least possible. For instance, a swim-
bladder has apparently been converted into an air-
breathing lung. The same organ having performed
simultaneously very different fanctions, and then haying
been in part or in whole specialised for one function ;
and two distinet organs having performed at the same
 time the same function, the one having been perfected
hilst aided by the other, must often have largely faci-
transitions.
~ We have seen in two beings widely remote from each
K in the natural scale, that an organ serving in both
r°the same purpose and appearing closely similar may
e been separately and independently formed ; but
such organs are closely examined, essential differ-
ceés in their structure can almost always be detected ;
d this naturally follows from the principle of natural
On the other hand, the common rule throngh-
‘lu.hn-s is infinite dwennty of structure for
same end; and this again naturally follows on the
e great prmuple.
n almost every case we are far too ignorant to be
bled to assert that any part or organ is so unim-
ut for the welfare of a species, that modifications
structure could not have been slowly accumulated
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by means of natural selection. But we may confidently
believe that many modifications, wholly due to the laws
of growth, and at first in 1 way advantageous to a
species, have been subsequently taken advantage of by
the still further modified descendants of this species.
‘We may, also, believe that a part formerly of high im-
portance has often been retained (as the tail of an
aquatic animal by its terrestrial descendants), though it
has become of such small importance that it could not,
in its present state, have been acquired by natural
selection,—a power which acts solely by the preserva-
tion of profitable variations in the struggle for life.
Natural selection will produce nothing in one species
for the exclusive good or injury of another; though it
may well produce parts, organs, and excretions highly
useful or even indispensable, or highly injurious to
another species, but in all cases at the same time useful
" to the owner. Natural selection in each well-stocked
country must act chiefly through the competition of
the inhabitants one with another, and consequently will
produce perfection, or strength in the battle for life,
only according to the standard of that country. Hence
the inhabitants of one country, generally the smaller
one, often yield to the inhabitants of another and gene- -
rally larger country. For in the larger country there
will have existed more individuals, and more diversified -
forms, and the competition will have been severer, and
thus the standard of perfection will have been rendered
higher. Natural selection will not necessarily produee
absolute perfection; nor, as far as we can judge by our
lil;):;d faculties, can absolute perfection be everywhere
found.
On the theory of natural selection we can clearly
understand the full meaning of that old canon in natural
history, “ Natura non facit saltum.” This canon, if we
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look only to the present inhabitants of the world, is not
strictly correct ; but if we include all those of past times,
‘whether known or not yet known, it must by my theory
be strictly true.

It is generally acknowledged that all organic beings
have been formed on two great laws—Unity of Type,
and the Conditions of Existence. By unity of type is
meant that fandamental agreement in structure which
'olaemorglnmbemgluhhmedm,mdwhchu

quite independent of their habits of life. On my theory,
mtynltypeumﬂnudbyumtyofdmn& The
exist 80 often insisted
wbyfhsﬂlmuu-(}unar,uhﬂyamhmdhyﬂxe
principle of natural selection. For natural selection

‘acts by either now adapting the varying parts of each
being to its organic and inorganic conditions of life;
or by having adapted them during long-past periods of
time: the adaptations being aided in some cases by use
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CHAPTER VIL

Isstisor.

Instinets comparable with habits, but different in their origin—
Instincts graduated — Aphides and ants— Instincts variable—
Domestic instincts, their origin—Natural instincts of the cuckoo,
ostrich, and parasitic bees—Slave-making ants— Hive-bee, its
cell-making instinct—Changes of instinct and structure mot
necessarily simultancous — Dificulties on the theory of the
Natural Seleotion of instinots —Neater or sterile inseots —
Summary.

THE subject of instinct might have been worked into the
previous chapters; but I have thought that it would be
more convenient to treat the subject separately, espe-
cially as so wonderful an instinct as that of the hive-
bee making its cells will probably have occurred to
many readers, as a difficulty sufficient to overthrow my
whole theory. I must premise, that I have nothing to
do with the origin of the primary mental powers, any
more than I have with that of life itself. We are
concerned only with the diversities of instinet and of
the other mental qualities of animals within the same
class,

T will not attempt any definition of instinct. It
would be easy to show that several distinct mental
actions are commonly embraced by this term ; but every
one understands what is meant, when it is said that in- |
stinct impels the cuckoo to migrate and to lay her eggs
in other birds' nests. An action, which we oursels
should require experience to enable us to perform, whn
performed by an animal, more especially by a very
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young one, without any experience, and when performed
by many individuals in the same way, without their
knowing for what purpose it is performed, is usually
said to be instinctive. But I could show that none of
these characters of instinet are universal. A little dose,
a8 Pierre Huber expresses it, of judgment or reason,
often comes into play, even in animals very low in the
scale of nature.

Frederick Cuvier and several of the older metaphy-
sicians have compared instinet with habit. This com-
parison gives, I think, a remarkably aceurate notion of
the frame of mind under which an instinctive action is
performed, but not of its origin.  How unconsciously
many habitual actions are performed, indeed not rarely
in direct opposition to our conscious will! yet they may
‘be modified by the will or reason. Habits easily become
‘associated with other habits, and with certain periods of
time and states of the body. When once acquired, they
often remain constant throughout life. Several other
points of resemblance between instinets and habits
could be pointed out. As in repeating a well-known
song, so in instincts, one action follows another by a sort
rhy'.hm if a person be mﬁermptedm @ song, or in
peating anything by rote, he is generally forced to go
to recover the habitual train of thought: so P.
er found it was with a caterpillar, which makes a
complicated hammock ; for if he took a caterpillar
h had completed its hammock up to, say, the sixth
of construction, and put it into a hammock com-
d up only to the third stage, the.caterpillar simply
rformed the fourth, fifth, and sixth stages of con-
n. If, however, a caterpillar were mkun out of
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feeling the benefit of this, it was much embarrassed, and,
in order to complete its hammock, seemed forced to
start from the third stage, where it had left off, and
thus tried to complete the already finished work.

If we suppose any habitual action to become inherited
—and I think it can be shown that this does sometim
happen—then the bl between what originall,
was a habit and an instinct becomes so close as not
to be distinguished. If Mozart, instead of playing the
pinnoforte at three years old with wonderfully little
practice, had played a tune with no practice at all, he
might truly be said to have done so instinctively. But
it would be the most serious error to suppose that the
greater number of instincts have been acquired by habit
in one ion, and then itted by inheri
to succeeding generations. It can be clearly shown
that the most wonderful instinets with which we are
“acquainted, namely, those of the hive-bee and of many
ants, could not possibly have been acquired by habit.

It will be universally admitted that instincts are as
important as corporeal structure for the welfare of each
spocies, under its present conditions of life. Under
changed conditions of life, it is at least possible that
slight modifications of instinet might be profitable to a
species; and if it can be shown that instinets do vary
ever so little, then I can see no difficulty in natural
selection ing and continually accumulating vari-
ations of instinet to any extent that was profitable. It
is thus, as T believe, that all the .most complexs and
wonderful instinets have originated. As modifieations
of corporeal structure arise from, and are increased

that the effects of habit are of quite subordinate im-
portance to the effects of the natural selection of what
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may bo called accidental variations of instinets;—
that is of variations produced by the same unknown
causes which produce slight deviations of bodily struc-
ture.

No complex instinct ean possibly be produced through
natural selection, except by the lliwmdgmd\ml aceu-
mulation of slight, yet profitabl
Bmmumthemseofmwmlmmnongm
to find in nature, not the actual transitional gradations
by which each complex instinet has been acquired—for
these could be found only in the lineal ancestors of each
species—but we ought to find in the collateral lines of
descent some evidence of such gradations; or we ought
at least to be able to show that gradations of some kind
are possible; and this we certainly can do. I have been
surprised to find, making allowance for the instinets of
animals having been but little observed except in Europe
~and North America, and for no instinct being known
~ amongst extinct species, how very generally gmhhonl,
ngwthemosteumylexumeh,mbu
ﬂnguo(mmnamymohmuhﬁa’lmhdhy
 the same species having different instinets at different
—h&ofhfe,ormdxﬂammmdthByearnr
‘when placed under different circumstances, &c.; in
m«:neuheroneorthsolharmmmgmbe
d by natural selection. And such instances of
K of instinet in the same species can be shown
o ocour in nature.

Again, as in the case of corporeal structure, and con-
ly with my theory, the instinct of each species is
for itself, but has never, as far as we can judge,
produced for the exclusive good of others. One
strongest instances of an animal apparently per-
ming an action for the sole good of another, with
¢h I am acquainted, is that of aphides voluntarily
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yielding, as was first observed by Huber, their sweet
excretion to ants: that they do so voluntarily, the fol-
lowing facts show. I removed all the ants from a group
of about a dozen aphides on a dock-plant, and prevented
their attendance during several hours. After this inter-
val, I felt sure that the aphides would want to excrete.
T watched them for some time through a lens, but not
one excreted ; I then tickled and stroked them with a
hair in the same manner, as well as I could, as the ants
do with their antennm ; but not one excreted. After-
wards I allowed an ant to visit them, and it immediately
seemed, by its eager way of running about, to be well
aware what a rich flock it had discovered ; it then began
to play with its antenne on the abdomen first of one
aphis and then of another; and each, as soon as it felt
the antenne, immediately lifted up its abdomen and
excreted a limpid drop of sweet juice, which was eagerly
devoured by the ant. Even the quite young aphides
behaved in this manner, showing that the action was
instinctive, and not the result of experience. It is eer-
tain, from the observations of Huber, that the aphides
show no dislike to the ants: if the latter be not present,
they are at last compelled to eject their excretion.
But as the excretion is extremely viseid, it is probably
a convenience to the aphides to have it removed ; and
therefore probably they do not instinctively excrete for
the sole good of the ants. Although there is mo
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As some degree of variation in instinets under a state
of nature, and the inheritance of such variations, are
indispensable for the action of natural selection, as
many instances as possible ought to be here given ; but
want of space prevents me. I can only assert, that
instinets certainly do vary—for instance, the migratory
instinet, both in extent and direction, and in its total
loss. So it is with the nests of birds, which vary partly
in dependence on the situations chosen, and on the
nature and temperature of the country inhabited, but
often from causes wholly unknown to us: Audubon has
given several remarkable cases of differences in the
nests of the same species in the northern and southern
United States. Why, it has been asked, if instinet be
variable, has it not granted to the bee “the ability to use
some other material when wax was deficient?” But -
what other material could bees use? They will work
with and nse,as I have seen, wax hardened with vermilion
and softened with lard. Andrew Knight observed that
his bees, instead of laboriously collecting propolis, used
a cement of wax and turpentine, with which he had
covered decorticated trees. It has lately been shown
that bees, instead of searching flowers for their pollen,
will gladly use a very different substance, namely, oat-
meal. Fear of any particular ememy is certainly an
instinetive quality, as may be seen in nestling birds,
 though it is strengthened by experience, and by the
sight of fear of the same enemy in other animals. But
fear of man is slowly acquired, as I have elsewhere
ghown, by various animals inhabiting desert islands ;
_and we may see an instance of this, even in England,
_in the greater wildness of all our large birds than of
our small birds; for the large birds have been most
persecuted by man. We may safely attribute the
greater wildness of our large birds to this cause; for in
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uninhabited islands large birds are not more fearful than
small; and the magpie, so wary in England, is tame in
Norway, as is the hooded crow in Egypt.

That the geneml disposition of individuals of the 3
same species, born in a state of nature, is extremely
diversified, can be shown by a multitude of facts.
Several cases, also, could be given of occasional and
strange habits in certain species, which might, if advan-
tageous to the species, give rise, through natural selec-
tion, to quite new instincts. But I am well aware that
these general statements, without facts given in detail,
can produce but a feeble effect on the reader’s mind.
I can only repeat my assurance, that I do not speak
without good evidence.

Tulerited Changes of Habit or Instinet in Domesticated
Animals.

The possibility, or even probability, of inherited
variations of instinct in a state of nature will be strength-
ened by briefly considering a few cases under domesti-
cation. We shall thus also be emabled to see the
respective parts which habit and the selection of so-called*
accidental variations have played in modifying the
mental qualities of our domestic animals. A number
of curious and authentic instances could be given of the
inheritance of all shades of disposition and tastes, and
likewise of the oddest tricks, associated with certain
frames of mind or periods of time. But let us look to
the familiar case of the several breeds of dogs: it can-
not be doubted that young pointers (I have myself seen
a striking instance) will sometimes point and even back
other dogs the very first time that they are taken out;
retrieving is certainly in some degree inherited by re-
trievers; and a tendency to run round, instead of at, &
flock of sheep, by shepherd-dogs. - I cannot see that
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these actions, performed without experience by the
young, and in nearly the same manner by each indi-
vidual, performed with eager delight by each breed, and
without the end being known—for the young pointer
can no more know that he points to aid his master, than
the white butterfly knows why she lays her eggs on the
leaf of the cabbage—I cannot see that these actions
differ essentially from true instincts. If we were to
behold one kind of wolf, when young and without any
training, as soon as it scented its prey, stand motionless
like a statue, and then slowly erawl forward with a
peculiar gait; and another kind of wolf rushing round,
instead of at, aherdofdeer,.nﬂdnnngﬂlemtoa
distant point, we should assuredly call these actions in-
stinctive. Domestic instincts, as they may be called,
are certainly far less fixed than natural instinets; but
they have been acted on by far less rigorous selection,
and have been transmitted for an incomparably shorter
period, under less fixed conditions of life.

How strongly these domestic instinets, habits, and dis-
positions are inherited, and how curiously they become
mingled, is well shown when different breeds of dog’s are
crossed. Thus it is known that a cross with a bull-dog -
has affected for many generations the courage and ob-
-’nacy of greyhounds; and a cross with a greyhound
has given to a whole family of shepherd-dogs a ten-
“ dency to hunt hares. These domestic instincts, when
 thus tested by crossing, resemble natural instincts,
vlnch in a like manner become curiously blended to-
, and for a long period exhibit traces of the
of either parent: for example, Le Roy de-
a dog, whose great-grandfather was a wolf, and
dog showed a trace of its wild parentage only in one
by not coming in a straight line to his master
called.
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Domestic instinets are samehmu spoken of as Mtlana
which have become inh snle]y from long.
and compulsory habit, but this is not true. No one
would ever have thought of teaching, or probably could
have taught, the tumbler-pigeon to tumble,—an action
which, as I have witnessed, is performed by young birds,
that have never seen a pigeon tumble. We may believe
that some one pigeon showed a slight tendency to this
strange lmlut, nnd thnc the Ivng-contmued selection of
the best i made
tumblers what they now are; and near Glasgow there
are house-tumblers, as T hear from Mr. Brent, which
cannot fly eighteen inches high without going head over
heels. It may be doubted whether any one would
have thought of training a dog to point, had not some
one dog naturally shown a tendency in this line ; and
this is known occasionally to happen, as I once saw, in
a pure terrier: the act of pointing is probably, as many
have thought, only the exaggerated pause of an animal
preparing to spring on its prey. When the first ten-
dency to point was once displayed, methodical selection
and the inberited effects of compulsory training in each
would soon plete the work;
and unconscious selection is still in pmgress, as each man
tries to procure, without intending to improve the breed,
dogs which will stand and hunt best. On the other
hand, habit alone in some cases has sufficed ; hardly any
animal is more difficult, in most cases, to tame than the
young of the wild rabbit ; searcely any animal is tamer
than the young of the tame rabbit; but I can hardly
suppose that domestic rabbits have often been selected
for tameness alone; so that we must attribute the
inherited change from extreme wildness to extreme

tameness, chxeﬂy to habit nnd long-continued close con-

finement.
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Natural instincts are lost under domestication: a re-
markable instance of this is seen in those breeds of
fowls which very rarely or never become “broody,”
that is, never wish to sit on their Familiarity
alone prevents our seeing how universally and largely
the minds of our domestic animals have been modified
by domestication. It is scarcely possible to doubt that
the love of man has become instinetive in the dog. -All
wolves, foxes, jackals, and species of the cat genus, when
kept tame, are most eager to attack poultry, sheep, and
pigs; and this tendency has been found incurable in
dogs which have been bronght home as puppies from
countries, such as Tierra del Fuego and Australia, where
the savages do not keep these domestic animals. How
rarely, on the other hand, do our civilised dogs, even
~ when quite young, require to be taught not to attack
poultry, sheep, and pigs! No doubt they occasionally
do make an attack, and are then beaten; and if not
cured, they are destroyed; so that hs.blt, with some
degree of selection, has probably concurred in eivilising
by inheritance our dogs. On the other hand, young
chickens have lost, who]ly by habit, that fear of the dog
and cat which no doubt was originally instinctive in
them ; for 1 am informed by Captain Hutton that the
young chickens of the parent-stock, the Gallus bankiva,
- when reared in India under a hen, are at first excessively
wild. So it is with young pheasants reared in England
‘under a hen. It is not that chickens have lost all fear,
but fear only of dogs and cats, for, if the hen gives the
danger-chuckle, they will run (more especially young

turkeys) from under her, and conceal themselves in the
r1 g grass or thickets ; and this is evidently done
or the instinctive purpose of allowmg, as we see in wild

by our chickens has become useless under do-
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‘mestication, fmthonwthar-hnhndmm lost by disuse
ight

Hence, we may conclude, that under domestication
instinets have been acquired, and natural instincts have
be:ln lolt,pnrﬁyhyh.hlt,tnd pntlybymmnlemng
and
hmwmﬂ wheh»ﬁm-ypenmd

the result of selection, pursued both methodically and
unconsciously ; but in most cases, probably, habit and
selection have acted together. i
Special Instincts.
‘We shall, perhaps, best understand how instinets in a
state of nature have become modified by selection, by
considering a few cases. I will select only three, out of
the several which I shall have to discuss in my future
work,—namely, the instinet which leads the cuckoo to
lay her eggs in other birds' nests; the slave-making
instinet of certain ants; and the comb-making power of
the hive-bee: these two latter instincts have generally,
and most justly, been ranked by naturalists as the most
wonderful of all known instincts. 5
Inatinets of the Cuckoo.—It is now commonly admitted
that the more immediate and final cause of the most
remarkable of the instinets of the cuckoo is, that she
lays her eggs, not daily, but at intervals of two or three
days; so that, if she were to make her own nest and sit
on her own eggs, those first laid would have to be left
for some time unincubated, or there would be eggs and
young birds of different ages in the same nest. If
were the case, the process of laying and hatching
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be i iently long, more as she migrates
at a very early peuod and the first hatched young
would probably have to be fed by the male alone. . But
the American cuckoo is in this predicament; for she
makes her own nest, and has eggs and young succes-
sively hatched, all at the same time. It has been
asserted that the American cuckoo occasionally lays
her eggs in other birds’ nests; but I hear on the high
authority of Dr. Brewer, that this is a mistake. Never-
theless, I could give several instances of various birds
which have been known occasionally to lay their eggs
in other birds’ nests. Now let us suppose that the
ancient progenitor of our European cuckoo had the
habits of the American cuckoo; but that occasionally
she laid an egg in another bird’s nest. If the old bird
profited by this oceasional habit through being enabled
to migrate earlier or through any other cause; or
if the young were made more vigorous by advantage
being taken of the mistaken instinct of another species,
than by their own mother’s care, encumbered as she
could hardly fail to be by having eggs and young
of different ages at the same time, and by having to
migrate at an early period; then the old birds or the
fostered young would gain an advantage. And analogy
would lead me to believe, that the young thus reared
would be apt to follow by inheritance the occasional
and aberrant habit of their mother, and in their turn
- would be apt to lay their eggs in other birds’ nests, and
thus be more successful in rearing their young. By

‘& continued process of this nature, I believe that the

strange instinct of our cuckoo could be, and has been,

generated. I may add that, according to Dr. Gray

‘and some other observers, the European cuckoo has

- mot utterly lost all maternal love and care for her own

alipring.
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It has been objected by some authors that T have
not noticed other related instinets and points of strue-
ture in the cuckoo, which are falsely spoken of as
necessarily co-ordinated. But in all cases, speculation
on any instinet or character known in only a single
species, is useless, for we have no facts to guide us.
Until quite recently the instincts of the European and
of the non-parasitic American cuckoo alone were
known ; now, owing to Mr. E. Ramsay's observations,
we know something about three Australian species,
which lay their eggs in other birds’ nests. The chief
points referred to are three: firstly, that the cuckoo,.
with rare exceptions, lays only one egg in a nest, so
that the large and voracious young cuckoo receives
ample food. Secondly, that the egg is so remarkably
small, that it does not exceed in size that of the sky-
lark,—a bird not more than one-fourth of the size of
the cuckoo; that this is a real case of adaptation we
may infer from the fact of the non-parasitic American
cuckoo laying eggs of full size proportionally with her
body. Thirdly and lastly, that the young cuckoo, soon
after birth, has the instinct, the strength, and a properly
shaped back for ejecting its foster-brothers, which then
perish from cold and hunger. This, it has been boldly
maintained, is beneficently designed, in order that the
young cuckoo may get sufficient food, and that its
foster-brothers may perish, before, as it is supposed,
they have acquired much feeling !

ing now to the Australian species; though these
birds generally lay only one egg in a nest, it is not
rare to find two and even three eggs of the same species
of cuckoo in the same nest. In the Bronze cuckoo the
eggs vary greatly in size, from eight to ten lines in
length. Now if it had been of any advantage to this

species to have laid eggs even smaller than those now

@ The Complete Work of Charles Darwin Online.




Ciav, VIL INSTINCTS OF THE CUCKOO. 261

laid by her, so as to have deceived certain foster-parents,
or, as is more probable, to have been hatched within
some shorter period (for it is asserted that there is a
relation between the size of eggs and the period of
~ incubation), then there is no difficulty in believing that
“arace or species might have been formed which would
haye laid smaller and smaller eggs; for these would
haye been more safely hatched and reared. Mr. Ramsay
remarks that two of the Australian cuckoos, when they
lay their eggs in an open or not domed nest, manifest
a decided preference for nests containing eggs similar
10 their own. The European species certainly manifests
some tendency towards a similar instinet, but not rarely
depuﬂaﬁmnn.,usls shown by her laying her dull and
pale-coloured eggs in the nest of the Hedge-warbler with
its bright greenish-blue eggs: had she invariably dis-
played the above instinet, it would assuredly have been
added to those which it is assumed must all have been
acquired together. The eggs of the Australian Bronze
cuckoo vary, nccordmg to Mr. Ramsay, in an extra-
hduury manner in colour; so that in this respect, as
‘well as in size, natural selection assuredly might have
‘secured and fixed any advantageous variation.
With respect to the last point insisted on—namely,
“of the young European cuckoo ejecting its foster-
brothers—it must first be remarked that Mr. Gould,
‘who has paid particular attention to this subject, is
vinced that the belief is an error; he asserts that
the young foster-birds are generally ejected during the
three days, when the young cuckoo is quite power-
; he maintains that the young cuckoo exerts, by its
er-cries, or by some other means, such a fascina~
oyer its foster-parents, that it alone receives food,
‘that the others are starved to death, and are then
n out, like the egg-shells or the excrement, by
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the old birds. He admits, however, that the young
cuckoo when grown older and stronger may have the
power, and perhaps the instinet, of ejecting its foster-
brothers, if they happen to escape starvation during
the first few days after birth. Mr. Ramsay has arrived
at o similar conclusion with respect to the Australian
species, which he especially observed : he states that
the young cuckoo is at first a little helpless fat crea-
me,bnz,"ungmnnpldly,xtmﬂhupdw
greater part of the nest, and its unfortunate companions,
either by its weight, or starved to death
its greediness, are thrown out by their parents.”
Now, if it had been of great importance to the young
cuckoo to have received as much food as possible during
the first few days after birth, Iunleenneq)ecinl
difficulty, if it possessed sufficient s(mgt.h in its gndu-
ally acquiring, during
(first, perhaps, through mere unintentional restleasnea)
and the structure best fitted for ejecting its foster-
brothers; for those young cuckoos which had such
habits and structure would have been the best fed and
most securely reared. I can see no more difficulty in
this, than in young birds acquiring the instinet and the
temporary hard tips to their beaks for breaking through
their own shells ;—or than in the young snake having in
its upper jaw, as Owen has remarked, a transitory sharp.
tooth for cutting through the tough egg-shell. For if
euhpcnu hunwvmmumyage,mdﬂmn-

.

l.hendnh,lndhdhu-lmmmdorfdlwgeﬁ"
with the whole theory of natural selection.
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| Thaoouamnnlhbnnflmdahymgtbmreggum
other birds' nests, either of the same or of distinet
species, is not very uncommon with the Gallinaces;
-dthuperbapsexphlmtbeopgmnllngn]um-
.~ stinet in the allied group of ostriches. For several hen
‘ostriches unite and lay first a fow eggs in one nest and
) *n in another; and these are hatched by the males.
is instinet may probably be accounted for by the fact

Many bees are parasitic, and always lay their eggs in
nests of bees of other kinds, This case is more re~
urkable than that of the euckoo; for these bees have
only their instincts but their structure modified in
ordance with their parasitic habits; for they do not
tbe pollen-collecting apparatus wluah would be

young.

wasp-like insects)

parasitic on other species ; and M. Fabre has lately
good reason for believing that, although the
nigra generally makes its own burrow and
it with paralysed prey for its own larve to feed

yet that, when this insect finds a burrow already
and stored by another sphex, it takes advantage
prize, and becomes for the occasion parasitic. In
case, as with the supposed case of the cuckoo, I can
i no difficulty in natural selection making an occa-
habit permanent, if of advantage to the species,
ﬁommtwhosenestudm:edfwdmthu
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Slave-making instinct.—This remarkable instinct was
first discovered in the Formica (Polyerges) rufescens
by Pierre Huber, a better observer even than his cele-
brated father. This gut is absolutely dependent on its
slaves; without their aid, the species would certainly
become extinet in a single year. The males and fertile
females do no work of any kind, and the workers or ste-

of making their own nests, or of feeding their own
larve. When the old nest is found inconvenient, and
they have to migrate, it is the slaves which determine
the migration, and actually carry their masters in their
jaws. So utterly helpless are the masters, that when
Huber shut up thirty of them without a slave, but with
plenty of the food which they like best, and with their
larvie and pupe to stimulate them to work, they did
nothing ; they could not even foed themselves, and
many perished of hunger. Huber then introduced a
single slave (F. fusca), and she instantly set to work,
fed and saved the survivors; made some cells and
Qandcd the larvee, and put all to rights. Whnc can
dinary than these well d facts
Hwe had not lmown of any other slave-making ant,
would have been hopeless to have speculated how
wmdarfnl an instinct wuld have been perfected.
Another species, Formica sanguinea, was likewise
d-.vmadbyP Hnbertobelshu\mnhngnnt.
species is found in the southern parts of England,
its habits have been attended to by Mr. F. Smith, o
the British Museum, to whom I am much indebted
information on this and other subjects. Although
trusting to the statements of Huber and Mr.
tried to approach the subject in a sceptical frame of
as any one may well be excused for doubting the
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of 50 extragrdinary and odious an instinet as that of
making slaves. Hence I will give the observations
which I made, in some little detail. I opened fourteen
mests of F. sanguinea, and found a few slaves in all.
Males and fertile females of the slave-species (F. fusca)
e found only in their own proper communities, and

g them away to a place of safety. Hence, itis clear,
the slaves feel quite at home. During the months
June and July, on three successive years, I have
vatched for many hours several nests in Surrey and
ex, and never saw a slave either leave or enter
mest.  As, during these months, the slaves are very
in number, I thought that they might behave differ-
when more numerons ; but Mr. Smith informs me
he has watched the nests at various hours during
, June, and August, both in Surrey and Hnmpalnm
nd has never seen the slaves, though present in large
rs in Auogust, either leave or enter the nest.
ce he considers them as strictly household slaves.
» masters, on the other hand, may be constantly
bringing in materials for the nest, and food of all
ls. During the year 1860, however, in the month
5 1 came across a community with an unusually
© stock of slaves, and I observed a few slaves mingled
masters leaving the nest, and marching along
 same road to a tall Scotch-fir-tree, twenty-five yards
t, which they ascended together, probably in search

X
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of aphides or cocm According to Huber, who had nmple
for on, the slaves in

lnhtunlly work with their n masters in mnkmg the nest,
and they alone open and close the doors in the morning
and evening; and, as Huber expressly states, their
principal office is to search for aphides. This difference
in the usual babits of the masters and slaves in the
two countries, probably depends merely on the slaves
being captured in greater numbers in Switzerland than
in

England.

One day I fortunately witnessed a migration of F.
sanguinea from one nest to another, and it was a most
interesting spectacle to behold the masters carefully car-
rying their slaves in their jaws instead of being carried
by them, as in the case of F. rufescens. Another day
my attention was struck by about a score of the slave-
makers haunting the same spot, and evidently not in
search of food; they approached and were vigorously
repulsed by an independent community of the slave-
species (F. fusca); sometimes as many as three of these
ants clinging to the legs of the slave-making F. san~
guinea. The latter ruthlessly killed their small op-
ponents, and carried their dead bodies as food to their
nest, twenty-nine yards distant; but they were prevented
from getting any pupe to rear as slaves. I then dug
up a small parcel of the pupe of F. fusca from another
nest, and put them down on a bare spot near the place
of combat; they were eagerly seized and carried off by |
the tyrants, who perhaps fancied that, after all, they had
been vietorious in their late combat.

At the nmenmallmdonthammeplwen 1
parcel of the pupee of another species, F. flava, with
few of these little yellow ants still clinging to the
ments of the nest. This species is sometimes,

rarely, made into slaves, as has been deseribed by
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Smith. Although so small a species, it is very cou-

rageous, and I have seen it ferociously attack other ants.

In one instance I found to my surprise an independent

community of F. flava under a stone beneath a nest

of the slave-making F. sanguinea; and when I had
accidentally disturbed both nests, the little ants attacked

their big neighbours with surprising courage. Now I

was curious to ascertain whether F. sanguinea could

distinguish the pupwe of I, fusca, which they habitually
make into slaves, from those of the little and furious

F. flava, which they rarely capture, and it was evident

that they did at once distinguish them: for we have

seen that they eagerly and instantly seized the pups
of F. fusca, whereas they were much terrified when
they came across the pupew, or even the earth from the

nest, of F. flava, and quickly ran away ; but in about a

quarter of an hour, shortly after all the little yellow

ants had crawled away, they took heart and carried off
~ the pupee.

- One evening I visited another community of F. san-
guinea, and found a number of these ants returning home
‘and entering their nests, carrying the dead bodies of F.

'a (showing that it was not a migration) and nume-
pupee. I traced a long file of ants burthened with
, for about forty yards, to a very thick clump of
whence I saw the last individual of F. sanguinea
erge, carrying a pupa; but I was not able to find the
olated nest in the thick heath. The nest, however,
have been close at hand, for two or three indi-
of F. fusca were rushing about in the greatest
on, and one was perched motionless with its own
pa in its mouth on the top of a spray of heath, an
ge of despair, over its ravaged home.

are the facts, though they did not need con-

n by me, in regard to the wonderful instinet of

N2
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making slaves. Let it be observed what a contrast the
instinetive habits of F. sanguinea present with those of
the continental F. rufescens. The latter does not build
its own nest, does not determine its own migrations,
does not collect food for itself or its young, and cannot
even feed itself: it is absolutely dependent on its nu-
merous slaves, Formica sanguinea, on the other hand,
much fewer slaves, and in the early part of
the summer extremely few: the masters determine
when and where a new nest shall be formed, and when
they migrate, the masters carry the slaves. Both in
Switzerland and England the slaves seem to have the
exclusive o of l.he larve, ancl the masters alone go
on sl land the slaves
and masters work logether, mn.hng and bringing mate-
rials for the nest; both, but chiefly the slaves, tend, and
milk as it may bs called, their aphides; and thus both
collect food for the community. In England the masters
alone usually leave the nest to collect building materials
and food for themselves, their slaves and larve. So that
the masters in this country receive much less service
from their slaves than they do in Switzerland.
By what steps the instinct of F. sanguinea originated
T will not pretend to conjecture. But as ants, which are
not slave-makers, will, as I have seen, carry off pupe of
other species, if scattered near their nests, it is possible
that such pupe originally stored as food might become.
developed; and the foreign ants thus unintentionally
reared would then follow their proper instincts, and do
what work they could. If their presence proved useful
to the species which had seized them—if it were more
advantageous to this species to capture workers than to
procreate them—the habit of collecting pupm originally
for food might by natural selection be strengthened and
rendered permanent for the very different purpose of
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raising slaves. When -the instinct was once acquired,
if carried out to a much less extent even than in our
British F. sanguinea, which, as we have seen, is less
aided by its slaves than the same species in Switzer-
land, nnulml selection nught mcreue and modify the
instinct g each ification to be of
use to the specxes—unul an ant was formed as abjectly
dependent on its slaves as is the Formica rfescens.
Cell-making instinct of the Hive-Bee.—I will not here
enter on minute details on this subject, but will merely
give an outline of the conelusions at which I have arrived.
He must be a dull man who can examine the exquisite
structure of a comb, so beautifully adapted to its end,
without enthusiastic admiration. We hear from mathe-
icians that bees have practically solved a di
problem, and have made their cells of the proper shape
to hold the greatest possible amount of honey, with the
least possible consumption of precious wax in their con-
struction. It has been remarked that a skilful work-
man, with fitting tools and measures, would find it very
difficult to make cells of wax of the true form, though
this is perfectly effected by a crowd of bees working in
a dark hive. Grant whatever instincts you please, and
it seems at first quite inconceivable how they can make
the necessary angles and planes, or even perceive when
are correctly made. But the difficulty is not nearly
great as it at first appears: all this beautiful work can
shown, I think, to follow from a few simple instincts.
I was led to investigate this subject by Mr. Water-
, who has shown that the form of the cell stands
close relation to the presence of adjoining cells ; and
Aollowing view may, perhaps, be considered nnly as
tion of his theory. Let us look to the great
le of gradation, and see whether Nature does not,
tous her method of work. At one end of a short

@ The Complete Work of Charles Darwin Online



270 SPECIAL INSTINCTS. Cuar. VIL

series we have humble-bees, which use their old cocoons
to hold honey, sometimes adding to them short tubes of
wax, and likewise making separate and very irregular
rounded cells of wax. At the other end of the series we
have the cells of the hive-bee, placed in a double layer:
each cell, as is well known, is an hexagonal prism, with
the basal edges of its six sides bevelled so as to fit on
to a pyramid, formed of three rhombs. These rhombs
have certain angles, and the three which form the pyra-
midal base of a single cell on one side of the comb, enter
into the composition of the bases of three adjoining cells
on the opposite side. In the series between the extreme
perfection of the cells of the hive-bee and the simplicity
of those of the lmmble-bee. we have ﬂm cells of the
Mexican Meli ica, carefully ibed and
figured by Pierre Huber. The deponn itself is inter-
mediate in structure between the hive and humble bee,
but more nearly related to the latter: it forms a nearly
regular waxen comb of cylindrical cells, in which the
young are hatched, and, in addition, some large cells of
wax for holding honey. These latter cells are nearly
spherical and of nearly equal sizes, and are aggregated
into an irregular mass. But the important point to
notice, is that these cells are always made at that
degree of nearness to each other, that they would have
intersected or broken into each other, if the spheres had
been completed ; but this is never permitted, the bees
building y flat walls of wax between the spheres
which thus tend to intersect. Hence each cell consists
of an outer spherical portion, and of two, three, or more
perfectly flat surfaces, according as the cell adjoins two,
three, or more other cells. When one cell rests on
three other cel hich, from the spheres being nearly
of the same size, is very frequently and necessarily the
case, the three flat surfaces are united into a pyramid;
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and this pyramid, as Huber has remarked, is manifestly
a gross imitation of the three-sided pyramidal bases of
the cell of the hive-bee. As in the cells of the hive-bee,
80 here, the three plane surfaces in any one cell necessa-
1ily enter into the construction of three adjoining cells.
Tt is obvious that the Melipona saves wax by this manner
of building; for the flat walls between the adjoining
cells are not double, but are of the same thickness as
the outer spherical portions, and yet each flat portion
forms a part of two cells.

Reflecting on this case, it occwrred to me that if the
Melipona had made its spheres at some given distance
from each other, and had made them of equal sizes and
had arranged them symmetrically in a double layer, the
resulting strncture would probably have been as perfect
as the comb of the hive-bee. Accordingly I wrote to
Professor Miller, of Cambridge, and this geometer has

* kindly read over the following statement, drawn up
from his information, and tells me that it is strictly
correct :—

If a number of equal spheres be described with their
centres placed in two parallel layers; with the centre
of each sphere at the distance of radius X # 2, or
radins x 141421 (of at some lesser distance), from the
centres of the six surrounding spheres in the same
layer; and at the same distance from the centres of the
‘adjoining spheres in the other and parallel layer; then,
if planes of intersection between the several spheres in
both layers be formed, there will result a double layer of
hexagonal prisms united together by pyramidal bases
formed of three rhombs ;. and the thombs and the sides
‘of the hexagonal prisms will have every angle identi-

made of the cells of the hive-bee. But I hear
Prof. Wyman, who has made numerous careful
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measurements, that the accuracy of the workmanship
of the bee has been greatly exaggerated ; so much so,
that, as he adds, whatever the typical form of the cell
may be, it is rarely, if ever, realised.

Hence we may safely conclude that, if we could
slightly modify the instinets already possessed by the
Melipona, and in themselyes not very wonderful, this
bee would make a structure as wonderfully perfect as
that of the hive-bee. We must suppose the Melipona
to have the power of forming her cells truly spherical,
and of equal sizes; and this would not be very sur-
prising, secing that she already does so to a certain
extent, and seeing what perfectly cylindrical burrows
in wood many insects can make, apparently by turning
round on a fixed point. We must suppose the Melipona
to arrange her cells in level layers, as she already does
her cylindrical cells ; and we must further suppose, and
this is the greatest difficulty, that she can somehow
judge accurately at what distance to stand from her
fellow-labourers when several are making their spheres;
but she is already so far enabled to judge of distance,
that she always deseribes her spheres so as to intersect
largely; and then she unites the points of intersection
by perfectly flat surfaces. We have further to suppose,
but, this is no difficulty, that after hexagonal prisms have
been formed by the intersection of adjoining spheres in
the same layer, she can prolong the hexagon to any
length requisite to hold the stock of honey; in the same
way as the rude humble-bee adds cylinders of wax to
the circular mouths of her old cocoons. By such modi-
fications of instinets in themselves not very wonderful,
—hardly more wonderful than those which guide a
bird to make its nest,—I believe that the hive-bee
has acquired, through natural selection, her inimitable
architectural powers,

@ The Complete Work of Charles Darwin Online




Cuar. VIL CELL-MAKING INSTINCT. 273

But this theory can be tested by experiment. Follow-
ing the example of Mr. Tegetmeier, I separated two
combs, and put between them a long, thick, rectan-
gular strip of wax: the bees instantly began to excavate
minute circular pits in it; and as they deepened these
little pits, they made them wider and wider until they
were converted into shallow basins, appearing to the eye
perfectly true or parts of a sphere, and of about the
diameter of a cell. It was most interesting to me to ob-
serve that, wherever several bees had begun to excavate
these basins near together, they had begun their work
at such a distance from each other, that by the time
the basins had acquired the above-stated width (ie
about the width of an ordinary cell), and were in depth
about one sixth of the diameter of the sphere of which
they formed a part, the rims of the basins intersected
or broke into each other. As soon as this occurred, the
bees ceased to excavate, and began to build up flat
walls of wax on the lines of intersection between the
basins, so that each hexagonal prism was built upon
the scalloped edge of a smooth basin, instead of on the
straight edges of a three-sided pyramid as in the case
of ordinary cells.

T then put into the hive, instead of a thick, rectan-
gular piece of wax, a thin and narrow, knife-edged ridge,
coloured with vermilion. The bees instantly began on
both sides to excavate little basins near to each other,
in the same way as before; but the ridge of wax was
80 thin, that the bottoms of the basins, if they had been
excavated to the same depth as in the former expe-
riment, would have broken into each other from the
opposite sides. The bees, however, did not suffer this
to happen, and they stopped their excavations in due
time ; so that the basins, as soon as they had been a
little deepened, came to have flat bottoms; -;dthm

N
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flat bottoms, formed by thin little plates of the ver-
milion wax having been left ungnawed, were situated,
as far as the eye could judge, exactly along the planes
of imaginary intersection between the basins on the op-
posite sides of the ridge of wax. In parts, only little
bits, in other parts, large portions of a rhombic plate
had been left between the opposed basins, but the work,
from the unnatural state of things, had not been neatly
performed. The bees must have worked at very nearly
the same rate on the opposite sides of the ridge of vermi-
lion wax, as they circularly gnawed away and deepened
the basins on both sides, in order to have succeeded in
thus leaving flat plates between the basins, by stopping
work along the intermediate planes or planes of inter-
section. 3

Considering how flexible thin wax is, I do not see
that there is any difficulty in the bees, whilst at work
on the two sides of a strip of wax, perceiving when they
have gnawed the wax away to the proper thinness,
and then stopping their work. In ordinary combs it
has appeared to me that the bees do not always succeed
in working at exactly the same rate from the opposite
sides; for I have noticed half-completed rhombs at the
base of a just-commenced cell, which were slight
concave on one side, where I suppose that the bees had.
excavated too quickly, and convex on the opposed side,
where the bees had worked less quickly. In one well-
marked instance, I put the comb back into the hive, and
allowed the bees to go on working for a short time,
again examined the cell, and I found that the rhom!
plate had been completed, and had become perfectly
it was absolutely impossible, from the extreme
of the little rhnmhio plate, that they conld have
this by gnawing away the convex side; and I
that the bees in such cases stand in the opposed.
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and push and bend the ductile and warm wax (which as
T have tried is easily done) into its proper intermediate
plane, and thus flatten it.

From the experiment of the ridge of vermilion wax
we can clearly see that, if the bees were to build for
themselves a thin wall of wax, they could make their
cells of the proper shape, by standing at the proper
distance from each other, by excavating at the same
rate, and by endeavouring to make equal spherical hol-
lows, but never allowing the spheres to break into each
other. Now bees, as may be clearly seen by examining
the edge of a growing comb, do make a rough, circum-
ferential wall or rim all round the comb; and they
guaw into this from the opposite sides, always working
circularly as they deepen each cell. They do not make
the whole three-sided pyramidal base of any one cell at
the same time, but only that one rhombic plate which
stands on the extreme growing margin, or the two
- plates, as the case may be; and they never complete

the upper edges of the rhombic plates, until the hexa-
walls are d. Some of these

« from those made by the justly celebrated elder
Huber, but I am convinced of their accuracy; and if I
had space, T could show that they are conformable with

my theory.
- Huber's statement, that the very first cell is excavated
of a little parallel-sided wall of wax, is not, as far as
have seen, strictly correct; the first commencement
A always been a little hood of wax; but I will
10t here enter on these details. 'We see how important
\ part excavation plays in the construction of the cells;
it would be a great error to suppose that the bees
build up a rough wall of wax in the proper posi-
that is, along the plane of intersection between
adjoining spheres. I have several specimens show-
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ing clearly that they can do this. Even in the rude
cireamferential rim or wall of wax round a grovnng
comb, flexures may i be observed,

ing in position to the planes of the rhombic basal plnu!
of future cells. But the rough wall of wax has in every
case to be finished off, by being largely gnawed away
on both sides. The manner in which the bees build is
curious; they always make the first rough wall from ten
to twenty times thicker than the excessively thin finished
wall of the cell, which will ultimately be left. We shall
understand how they work, by supposing masons first to
pile up a broad ridge of cement, and then to begin cutting
it away equally on both sides near the ground, till a
smooth, very thin wall is left in the middle; the masons
always piling up the cut-away cement, and adding fresh
cement, on the summit of the ridge. We shall thus
have a thin wall steadily growing upward ; but always
erowned by a gigantic coping. From all the cells,
both those just commenced and those completed, being
thus crowned by a strong coping of wax, the bees can
cluster and crawl over the comb without injuring the
delicate hexagonal walls. These walls, as Professor
Miller has kindly ascertained for me, vary greatly in
thickness; being, on an average of twelve measure-
ments made near the border of the comb, 5}y of an
inch in thickness; whereas the basal rhomboidal plates
are thicker nearly in the proportion of three to two,
having a mean thickness, from twenty-one measurements,
of g}y of an inch. By the above singular manner of
building, strength is continually given to the comb, with
the utmost ultimate economy of wax.

It seems at first to add to the difficulty of under-
standing how the cells are made, that a multitude of
bees all work together; one bee after working a ;
time at one cell going to another, so that, as Huber has

@ The Complete Work of Charles Darwin Online



Ciar, VIL CELL-MAKING INSTINCT. 277

stated, a score of individuals work even at the commence-
ment of the first cell. I was able practically to show
this fact, by covering the edges of the hexagonal walls
of a single cell, or the extreme margin of the circum-
ferential rim of a growing comb, with an extremely thin
layer of melted vermilion wax; and I invariably found
that the colour was most delicately diffused by the bees
—as delicately as a painter could have done with his
brush—by atoms of the ¢oloured wax having been taken
from the spot on which it had been placed, and worked
into the growing edges of the cells all round. The work
of construction seems to be a sort of balance struck
between many bees, all instinctively standing at the
same relative distance from each other, all trying to
sweep equal spheres, and then building up, or leaving
ungnawed, the planes of intersection between these
spheres, It was really curious to note in cases of diffi-
culty, as when two pieces of comb met at an angle, how
often the bees would pull down and rebuild in different
ways the same cell, sometimes recurring to a shape
which they had at first rejected.

‘When bees have a place on which they can stand in
their proper positions for working,—for instance, on a
slip of wood, placed directly under the middle of a comb
growing downwards so that the comb has to be built over
one face of the slip—in this case the bees can lay the
foundations of one wall of a new hexagon, in its strictly
proper place, projecting beyond the other completed
cells. It suffices that the bees should be enabled to
 stand at their proper relative distances from each other
and from the walls of the last completed cells, and then,
h striking imaginary spheres, they can build up a wall
d between two adjoining spheres; but, as far
I have seen, they never gnaw away and finish off the
of a cell till a Iurge part both of that cell and
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of the adjoining cclls has been built. This capacity
in bees of laying down under certain circumstances a
rough wall in its proper place between two just-com-
menced cells, is important, as it bears on a fact, which
seems at first quite subversive of the foregoing theory ;
namely, that the cells on the extreme margin of wasp-
combs are sometimes strictly hexagonal; but I have not
space here to enter on this subject. Nor does there
seem to me any great difficulty in a single insect (as in
the case of a queen-wasp) making hexagonal cells, if she
were to work alternately on the inside and outside of
two or three cells commenced at the same time, always
standing at the proper relative distance from the parts
of the cells just begun, sweeping spheres or cylinders,
and building up intermediate planes.

As natural selection acts only by the accumulation of
slight modifications of structure or instinet, each profit-
able to the individual under its conditions of life, it may
reasonably be asked, how a long and graduated succession
of modified architectural instinets, all tending towards the
present perfect plan of construetion, could have profited
the progenitors of the hive-bee? I think the answer is
not difficult: cells constructed like those of the bee or
the wasp gain in strength, and save much in labour
and space, and especially in the materials of which
they are constructed. With respect to the formation of
wax, it is known that bees are often hard pressed to get
sufficient nectar, and I am informed by Mr. Tegetmeier
that it has been experimentally proved that from twelve
to fifteen pounds of dry sugar are consumed by a hive
of bees for the secretion of each pound of wax; so that
a prodigious quantity of fluid nectar must be collected
and consumed by the bees in a hive for the secretion of
the wax necessary for the construction of their combs.
Moreover, many bees have to remain idle for many
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days during the process of secretion. A large store of
honey is indispensable to support a large stock of bees
during the winter; and the secufity of the live is
known mainly to depend on a large number of bees
being supported. Hence the saving of wax by largel
saving honey must be an important element of su
to any family of bees. Of cowrse the success of any
species of bee may be dependent on the number of its
parasites or other enemies, or on quite distinct causes,
and so be altogether independent of the quantity of
honey which the bees could collect. But let us suppose
that this latter circumstance determined, as it probably
often has determined, the numbers of a bee allied to onr
humble-bees, which existed in any country; and Jet us
further suppose that the community lived throughout
the winter, and consequently required a store of honey :
there can in this case be no doubt that it would be an
adyantage to our imaginary humble-bee, if a slight
modification in her instincts led her to make her waxen
cells near together, so as to intersect a little ; for a wall
in common even to two adjoining cells, would save
some little wax and labour. Hence it would continually
be more and more advantageons to our humble-bee,
if she were to make her cells more and more regular,
nearer together, and aggregated into a mass, like the
cells of the Melipona; for in this case a large part of
the bounding surface of each cell would serve to bound
0 cells, and much wax and labour would be saved.
in, from the same cause, it would be advantageous
the Melipona, if she were to make her cells closer
ther, and more regular in every way than at pre-
; for then, as we have seen, the spherical surfaces
wholly disappear, and would all be replaced by
me surfaces; and the Melipona would make a comb
perfect as that of the hive-bee. Beyond this stage
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of perfection in architecture, natural selection could not
lead ; for the comb of the hive-hee, as far as we can see,
is absolutely perfect in economising labour and wax.
Thus, as T believe, the most wonderful of all known
instinets, that of the hive-bee, can be explained by
natural selection having taken advantage of numerous,
successive, slight modifications of simpler instinets ;
natural selection having by slow degrees, more and
more perfectly, led the bees to sweep equal spheres at
a given distance from each other in a double layer, and
to build up and excavate the wax along the planes of
interseetion; the bees, of course, no more knowing
that they swept their spheres at one particular distance
from each other, than they know what are the several
angles of the hexagonal prisms and of the basal thombic
plates; the motive power of the process of natural
selection having been the construction of cells of due
strength and of the proper size and shape for the larvee,
this being effected with the greatest possible economy
of wax and labour; that individual swarm which thus
made the best cells with least labour, and least waste
of honey in the secretion of wax, having succeeded best,
and having transmitted by inheritance their newly ac-
quired economical instinets to mew swarms, which in
their turn will have had the best chance of succeeding
in the struggle for existence. g

Objections to the Theory of Natural Selection as applied
to Instincts: Neuter and Sterile Insects.

It has been objected to the foregoing view on the
origin of instincts that “the variations of structure and
of instinct must have been simultaneous and aceurately
adjusted to each other, as a modification in the one
without an immediate corresponding change in the other
would have been fatal.” The force of this objection
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seems entirely to rest on the assumption that the

~ changes in both instinct and structure are abrupt. To
take as an illustration the case of the larger titmouse
(Parns major) alluded to in the last chapter: this bird
often holds the seeds of the yew between its feet on a
branch, and hammers away till it gets into the kernel.
Now what special difficulty would there be in natural

- selection preserving each slight variation of beak, better
and better adapted to break open seeds, until a beak
was formed, as well constructed for this purpose as
that of the nuthatch, at the same time that hereditary
habit, or compulsion from the want of other food, or the
preservation of chance variations of taste, made the bird
more and more of a seed-eater? In this case the beak
is unpposed to be slowly modified by natural seleehon,
t in d with, slowly changing

labit; but le(. ‘the feet, of the titmouse vary and grow
Ltger from correlation with the beak, or from any other
unknown cause, and is it very improbable that such
larger feet would lead the bird to climb more mntil it
acquired even the remarkable climbing instinct and
eapacity of the nuthatch? In this case a gradual change
of structure is supposed to lead to changed instinetive
To take one more case: few instincts are more
remarkable than that which leads the swift of the
Bastern Islands to make its nest wholly of inspissated
saliva. Some birds build their nests of mud, believed
to be moistened with saliva; and one of the swifts of
America makes its nest (as I have seen) of sticks
mlutmsted with saliva, and even with flakes of this
ice. Is it then very improbable that the natural
ion of individnal swifts, which secreted more and
saliva, should at last produce a species with in-
leading it to neglect other materials, and to
ke its nest exclusively of inspissated saliva? And
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5o in other cases. It must be admitted that in many
instances we cannot conjecture whether instinct or
structure has first slightly changed; nor can we con-
jecture by what gradations many instincts have been
developed when they relate to organs (such as the
mammary glands) on the first origin of which we know
nothing.

No doubt many instincts of very difficult explanation
could be opposed to the theory of natural selection,—
cases, in which we cannot see how an instinct could
possibly have originated ; cases, in which no interme-
diate gradations are known to exist; cases of instinct
of apparently such trifling importance, that they could
hardly have been acted on by natural selection ; cases
of instincts almost identically the same in animals so
remote in the scale of nature, that we cannot account
for their similarity by inheritance from a common
parent, and must therefore believe that they have been
independently acquired by natural selection. I will
not here enter on these several cases, but will confine
myself to one special difficulty, which at first appeared
to me insuperable, and actually fatal to my whole
theory. I allude to the neuters or sterile females in
insect-communities: for these neuters often differ widely
in instinet and in structure from both the males and
fertile females, and yet, from being sterile, they cannot
propagate their kind.

The subject well deserves to be discussed at great
length, but I will here take only a single case, that of
working or sterile ants. How the workers have been
rendered sterile is a difficulty; but not much greater
than that of any other striking modification of strue-
ture; for it can be shown that some insects and other
articulate animals in a state of nature occasionally be-
come sterile; and if such insects had been social, and
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it had been profitable to the community that a number
should have been annually born capable of work, but
ineapable of procreation, I can see no very great diffi-
culty in this being effected by natural selection. But
I must pass over this preliminary difficulty. The great
| difficulty lies in the working ants differing widely from
both the males and the fertile females in structure, as
in the shape of the thorax, and in being destitute of
wings and sometimes of eyes, and in instinct. As far

l as instinet alone is d, the prodigions di
- in this respect between the workers and the perfect
females, would have been better exemplified by the
~ hive-bee. Ifa working ant or other neuter insect had
been an animal in the ordinary state, I should have
unhesitatingly assumed that all its characters had been
slowly acquired through natural selection; namely, by
an individual having been born with some slight profit-
able modification of structure, this being inherited by
its offspring, which again varied and were again selected,
and so onwards. But with the working ant we have an
insect differing greatly from its parents, yet absolutely
sterile; so that it could never have transmitted suc-
cessively acquired modifications of structure or instinet
1o its progeny. It may well be asked how is it pos-
sible to reconcile this case with the theory of natural

selection ?

First, let it be remembered that we have innumerable
~ instances, both in our domestic productions and in those
ina state of nature, of all sorts of differences of strue-
ture which have become correlated to certain ages, and
to either sex. 'We have differences correlated not only
to one sex, but to that short period alone when the re-
productive system is active, as in the nuptial plumage
of many birds, and in the hooked jaws of the male
salmon, We have even slight differences in the horns
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of different breeds of cattle in relation to an artificially
imperfect state of the male sex; for oxen of certain
breeds have longer horns than in other breeds, in com-
parison with the horns of the bulls or cows of these
same breeds. Hence I can see no real difficulty in any
character having become correlated with the sterile
condition of certain members of insect-communities :
the difficulty lies in understanding how such correlated
modifications of structure could have been slowly accu-
mulated by natural selection.

This difficulty, though appearing |ns|1pcmb1e, is less-
ened, or, as I believe, disappears, when it is remem-
bered that selection may be applied to the family, as
well as to the individual, and may thus gain the desired
end. Thus, breeders of cattle wish the flesh and fat to
be well marbled together; the animal has been slaugh-
tered, but the breeder has gone with confidence to the
same stock and has succeeded. Such faith may be
placed in the power of selection, that probably a breed
of cattle, always yielding oxen with extraordinarily long:
horns, could be slowly formed by carefully watching
which individual bulls and cows, when matched, pro-
duced oxen with the longest horns; and yet no one
ox would ever have propagated its kind. Here is a
better and real illustration : according to M. Verlot, some
varieties of the double annual stock of various colours, 2
from having been long carefully selected to the right
degree, always produce by seced a large proportion
of plants bearing double and quite sterile flowers;
so that, if the variety had not yielded others, it would
at once have become extinct; but it likewise always
yields some single and fertile plants, which differ
only in their power of producing two forms, from
ordinary single varieties. Thus these single and fertile:
plants may be compared with the males and females
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of an ant-community, and the sterile double-flowered
plants, which are regularly produced in large numbers,
with the many sterile neuters of the same community.
“Thus I believe it has been with social insects : a slight
modifieation of structure, or of instinet, correlated with *
the sterile condition of certain members of the commu-
nity, has been advantageous to the community : con-
sequently thu fertile males and females of the same

ished, and itted to their fertile
offspring a tendency to produce sterile members having
the same modification. And I believe that this process
has been repeated, until that prodigions amount of
difference between the fertile and sterile females of the
same species has been produced, which we see in so
many social insects.

But we have not as yet touched on the climax of the
difficulty ; namely, the fact that the neuters of several
ants differ, not only from the fertile females and males,

from each other, sometimes to an almost incredible

e, and are thus divided into two or even three
tes. The castes, moreover, do not generally graduate

each other, but are perfectly well defined; being
a8 distinet from each other, as are any two species of the
same genus, or rather as any two genera of the same
iily. Thus in Eeiton, there are working and soldier
with jaws and instinets Extraordmnnly dif-
ut: in Cryptocerus, the workers of one caste alone
a wonderful sort of shield on their heads, the use
of which is quite unknown: in the Mexican Myrme-
s, the workers of one caste never leave the nest ;
are fed by the workers of another caste, and they
an enormously developed abdomen which secretes
of honey, supplying the place of that excreted by
‘aphides, or the domestic cattle as they may be
d, which our European auts guard or imprison.
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It will indeed be thought that I have an overweening
confidence in the principle of natural selection, when I
do not admit that such wonderful and well-established
facts at once annihilate my theory. In the simpler-

« case of neuter insects all of one caste, which have been
rendered by natural selection, as I believe to be quite
pomble, different from the fertile males and females—
in this case, we may safely conclude from the analogy
of ordinary variations, that each successive, slight, profit-
able modification did not at first appear in all the
individual nenters in the same nest, but in a few alone;
and that by the long-continued selection of the fertile
parents which produced most neuters with the profitable
modification, all the neuters ultimately came to have
the desired character. On this view we ought occasion-
ally to find neuter insects of the same species, in the
same nest, presenting gradations of structure; and this
we do find, even frequently, considering how few neuter
insects out of Europe have been carefully examined.
Mr. F. Smith has shown how surprisingly the neuters
of several British ants differ from each other in size
and sometimes in colour; and that the extreme forms

can sometimes be perfectly linked together by indi-
viduals taken out of the same nest: I have myself
compared perfect gradations of this kind. It often
happens that the larger or the smaller sized workers
are the most numerous; or that both large and small
are numerous, with those of an intermediate size scanty.
in numbers. Formica flava has Inrger and smaller
workers, with some of intermediate size; and, in this
species, as Mr. F. Smith has observed, the laxger workers
have simple eyes (ocelli), which though small can be
plainly distinguished, whereas the smaller worken

their ocelli rudimentary. Having carefully
several specimens of these workers, I can affirm
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the eyes are far more rudimentary in the smaller
workers than can be accounted for merely by their
proportionally lesser size; and I fully believe, though
- Ldare not assert so positively, that the workers of inter-
mediate size have their ocelli in an exactly intermediate
condition. So that we here have two bodies of sterile
workers in the same nest, differing not only in size, but
in their organs of vision, yet connected by some few
bers in an i di ditic T may digress
by adding, that if the smaller workers had been the
‘most useful to the community, and those males and
females had been continually selected, which produced
more and more of the smaller workers, until all the
workers had come to be in this condition; we should
then have had a species of ant with neuters very nearly
in the same condition with those of Myrmica. For the
tkers of Myrmica have not even rudiments of ocelli,
ugh the male and female ants of this genus have
developed ocelli.
may give one other case: so confidently did T expect
o find gradations in important points of structure be-
the different castes of neuters in the same species,
I gladly availed myself of Mr. F. Smith's offer of
ous specimens from the same nest of the driver
(Anomma) of West Africa. The reader will per-
best appreciate the amount of difference in these
by my giving not the actual measurements,
strictly accurate illustration : the difference was
16 same as if we were to see a set of workmen building
e, of whom many were five feet four inches high,
many sixteen feet high ; but we must suppose that
arger workmen had heads four instead of three
s big as those of the smaller men, and jaws nearly
times as big. The jaws, moreover, of the working
the several sizes differed wonderfully in shape,
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and in the form and number of the teeth. But the
important fact for us is, that, though the workers can be
grouped into castes of different sizes, yet they graduate |
insensibly into each other, as does the widely-different
structure of their jaws. I speak confidently on this latter
point, as Sir J. Lubbock made drawings for me, with
the camera lucida, of the jaws which I dissected from
the workers of the several sizes. Mr. Bates, in his most
interesting ¢ Naturalist on the Amazons,’ has deseribed
some analogous cases,

With these facts before me, I believe that natural
selection, by acting on the fertile parents, could form a
species which should regularly produce neuters, either
all of large size with one form of jaw, or all of small
size with jaws having a widely different structure ; or
lastly, and this is our climax of difficulty, one set of
workers of one size and structure, and simultaneously
another set of workers of a different size and structure ;
—a graduated series having been first formed, as in the
caso of the driver ant, and then the extreme forms
having been produced through the matural selection
of the parents which generated them, in greater and
greater numbers, until none with an intermediate
structure were produced. 1
" An analogous explanation has been given by Mr
Wallace, of the equally complex case, of certain Ma~
layan Butterflies regularly appearing at the same time
and place under two or even three distinct female
forms; and by Fritz Miller, of certain Brazilian erus-
taceans likewise appearing under two widely distinet
male forms. But the subject need not here be discussed.

T have now explained how, as I believe, the wonderful
fact of two distinetly defined castes of sterile workers
existing in the same nest, both widely dlﬂ‘erentfm!
each other and from their parents, has originated. W
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can see how useful their production may have been to
a social community of ants, on the same principle that
the division of labour is useful to civilised man. Ants,
however, work by inherited instinets and by inherited
organs or tools, whilst man works by acquired know-
ledge and manufactured instruments. But 1 must
confess, that, with all my faith in natural selection, I
should never have anticipated that this principle could
have been efficient in so high a degree, had not the case
of these neuter insects convinced me of the fact. I have,
therefore, discussed this case, at some little but wholly
insufficient length, in order to show the power of na-
tural selection, and likewise because this is by far the
most serious special difficulty which my theory has
encountered. 'The case, also, is very interesting, as it
proves that with animals, as with plants, any amount of
modification in structure can be effected by the acer
mulation of slight, and sp

tions, which are in any manner profitable, mﬂmut
ise or habit having come into play, For no amount
[ exercise, or habit, or volition, in the utterly sterile
of a community, eould possibly affect the

need this demonstrative case of neuter insects,
st the well-known doctrine of inherited habit
nced by Lamarck.

Summary.

have endeavoured in this chapter briefly to show
the mental qualities of our domestic animals vary,
| that the variations are inherited. Still more briefly
attempted to show that instinets vary slightly in
state of nature. No one will dispute that instinets
e of the highest importance to each animal. There-
o
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fore T can see no difficulty, under changing conditions
of life, in natural selection accumulating slight modifi-
eations of instinet to any extent, in any useful direction.
In some cases habit or use and disuse have probably
come into play. I do not pretend that the facts given
in this chapter strengthen in any great degree my
theory ; but none of the cases of difficulty, to the best
of my judgment, annihilate it. On the other hand, the
fact that instincts are not always absolutely perfect and
are liable to mistakes ;—that no instinct has been pro-
duced for the exclusive good of other animals, but that
each animal takes advantage of the instincts of others;
—that the canon in natural history, of “Natura non
facit saltum,” is applicable to instinets as well as to
corporeal structure, and is plainly explicable on the
foregoing views, but is otherwise inexplicable,—all tend
to corroborate the theory of natural selection.

This theory is, also, strengthened by some few other
facts in regard to instincts; as by that common case
of closely alhed but distinet, species, when inhabiting
distant parts of the world and living under considerably
different conditions of life, yet often retaining nearly the
same instinets. TFor instance, we can understand, on
the principle of inheritance, how it is that the thrush of
tropical South America lines its nest with mud, in the
same peculiar manner as does our British thrush: how
it is that the Hornbills of Africa and Tndia have the
same extraordinary instinct of plastering up and impri-
soning the females in a hole in a tree, with only a small
hole left in the plaster through which the males feed
them and their young when hatched: how it is that
the male wrens (Troglodytes) of North America build
“ cock-nests,” to ro0st in, like the males of our Kitty-
wrens,—a habit wholly unlike that of any other known
bird. Finally, it may not be a logical deduction, but
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~ to my imagination it is far more satisfactory to look at
such instincts as the young euckoo ejecting its foster-
brothers,—ants making slaves,—the larve of ichneumo-
nidwe feeding within the live bodies of caterpillars,—not
as specially endowed or created instincts, but ss small
consequences of one general law, leading to the advance-
ment of all organic beings,—namely, multiply, vary,
let the strongest live and the weakest die.
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CHAPTER VIIL
Hyonisy.

Distinction between the sterility of first crosses and of hybrids—
Sterility various in degree, not universal, affected by close inter-
Dreeding, removed by domestication—Laws governing the steri-
lity of hybrids—Sterility not a special cndowment, but incidental
on other differences, not accumulated by natural selection—
Causes of the sterility of first crosses and of hybrids—Parallelism
Tetween the effcots of changed conditions of life and of crossing
—Dimorphism and_ trimorphism—Fertility of varieties when
crossed and of their mongrel offspring not universal—Hybrids
and mongrels compared independently of their fertility—Sum-
mary.

Tue view 1} ined by lists is that
species, when intercrossed, have been specially endowed
with the quality of sterility, in order to prevent the con-
fusion of all organic forms. This view certainly seems
at first probable, for species within the same country
could hardly have kept distinct had they been capable
| of crossing freely. The importance of the fact that first
" crosses between distinct species and hybrids are very
generally sterile, has, I think, been much underrated
by some late writers. On the theory of natural selection
the case is especially important, inasmuch as this sterility
can hardly have been increased by the continued pre-
servation of successive, profitable degrees of sterility.
But to this subject I shall have to return, and I hope
ultimately to show that this sterility is neither a speci-
ally acquired nor endowed quality, but is incidental
on other acquired and little-known differences in the.
reproductive systems of the parent-species.
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In treating this subject, two classes of facts, to a large
extent fundamentally different, have generally been
confounded together ; namely, the sterility of two species
when first crossed, and the sterility of the hybrids pro-
duced from them.

Pure species have of course their organs of reproduc-
tion in a perfect condition, yet when intercrossed they
produce either few or no offspring. Hybrids, on the
other hand, have their reproductive organs functionally
impotent, as may be clearly seen in the state of the
male element in both plants and animals ; though the
formative organs themselves are perfect in structure, as
far as the microscope reveals. In the first case the two
sexual elements which go to form the embryo are per-

* feet; in the second case they are either mot at all

developed, or are imperfectly developed. This distine-

tion is important, when the cause of the sterility, which
is common to the two cases, has to be considered. The
distinction has probably been shured over, owing to
the sterility in both cases being looked on as a special en-
dowment, beyond the province of our reasoning powers.

The fertility of varieties, that is of the forms known
or believed to have descended from common parents,
when intercrossed, and likewise the fertility of their
mongrel offspring, is, with reference to my theory, of
equal importance with the sterility of species; for it
seems to make a brond and clear distinction between
varieties and

Degrees of »Stunlzty —TFirst, for the sterility of specles

when crossed and of their hybrid offspring. It is im-

pom'ble to stmly the seveml memoirs and works of those

i dmirable observers, Kolreut

tm'l Giirtner, who nlmost devoted their lives to this

subject, without being deeply impressed with the high
generality of some degree of sterility. Kélreuter makes
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the rule universal; but then he cuts the knot, for in
ten cases in which he found two forms, considered by
most authors as distinet species, quite fertile together,
he unhesitatingly ranks them as varieties. ~Giirtner,
also, makes the rule equally universal ; and he disputes
the entire fertility of Kélreuter's ten cases. But in
these and in many other cases, Giirtner is obliged care-
fully to count the seeds, in order to show that there
is any degree of sterility. He always compares the
maximum number of seeds produced by two species
when crossed and by their hybrid offspring, with the
average number produced by both pure parent-species
in a state of nature. But a serious cause of error seems
to me to be here introduced : a plant, to be hybridised,
must be eastrated, and, what is often more important, *
must be secluded in order to prevent pollen being
brought to it by insects from other plants, Nearly all
the plants experimented on by Giirtner were potted,
and were kept in a chamber in his house, That these
are often injurious to the fertility of a plant
cannot be doubted ; for Giirtner gives in his table about
a score of cases of plants which he castrated, and artifi-
cially fertilised with their own pollen, and (excluding
all cases such as the Leguminose, in which there is an
acknowledged difficulty in the manipulation) half of
these twenty plants had their fertility in some degree
impaired. Moreover, as Giirtner repeatedly crossed
some forms, such as the common red and blue pim-
pernels (Anagallis arvensis and ceerulea), which the
best botanists rank as varicties, and found them ab-
solutely sterile, we may doubt whether many other
species ave really so sterile, when intercrossed, as he
lieved.

It is certain, on the one hand, that the sterility of
various species when crossed is so different in degree.
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and graduates away so insensibly, and, on the other
hand, that the fertility of pure species is so easily
affected by various circumstances, that for all practical

purposes it is most difficult to say where perfect fer-
tility ends and sterility begins. I think no better evi-
dence of this can be required than that the two most
experienced observers who have ever lived, namely,
Kolreuter and Giirtner, should have arrived at dia-
metrically opposite conclusions in regard to the very
same species. It is also most instructive to compare—
but I have not space here to enter on details—the evi-
dence advanced by our best botanists on the question
whether certain doubtful forms should be ranked as
species or varieties, with the evidence from fertility ad-
duced by different hybridisers, or by the same author,
from experiments made during different years, It can
thus be shown that neither sterility nor fertility affords
any clear distinction between species and varieties ; but
that the evidence from this source pndm.tm away,
and is doubtful in the same degree as is the evidence
derived from other constitutional and structural dif-
ferences.

In regard to the sterility of hybrids in successive
generations ; though Giirtner was enabled to rear some
ybrids, carefully guarding them from a cross with
1 ltﬂmx pure parent, for six or seven, and in one case for

g yet he asserts positively that their fer-
."ﬁhty never increased, but geneml]y decreased greatly
‘and suddenly. With respect to this decrease, it may
Afirst be noticed that, when any deviation in structure or
constitution is common to both parents, this is often
Aransmitted in an_augmented degree to the offspring ;
gnd both sexual clements in hybrid plmx(s are already
affected in some degree. But I believe in nearly all
these cases, that the fertility has been diminished by
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an independent cause, namely, by too close inter-
breeding. I have collected so large a body of facts,
showing on the one hand that an occasional cross with
a distinet individual or variety increases the vigour and
fertility of the offspring, and on the other hand that
very close interbreeding lessens their vigour and fertility,
that T must admit the correctness of this almost universal
belief amongst breeders. Hybrids are seldom raised by
experimentalists in great numbers; and as the parent-
species, or other allied hybrids, generally grow in the
same garden, the visits of insects must be carefully
prevented during the flowering season: hence hybrids
will generally have to be fertilised during each genera-
tion by their own individual pollen; and this would
probably be injurious to their fertility, already lessened
by their hybrid origin. T am strengthened in this con-
viction by a remarkable statement repeatedly made by
Giirtner, namely, that if even the less fertile hybrids
be artificially fertilised with hybrid pollen of the same
kind, their feruht\, nothf.hsmndmg Ihe frequent il
effects from
and goes on mcreusmrv Now, in the process of artificial
fertilisation, pollen is as often taken by chance (as I
know from my own experience) from the anthers of
another flower, as from the anthers of the flower itself
which is to be fertilised; so that a cross between two
flowers, though probably often on the same plant, would
be thus effected. Moreover, whenever complicated
experiments are in progress, so careful an observer as
Giirtner would have castrated his hybrids, and this
would have insured in each generation a cross with
pollen from a distinet flower, either from the same
plant or from another plant of the same hybrid nature.
And thus, the strange fact of the increase of fertility in
tl tions of artificially fertilised hybrids
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may, as I believe, be accounted for by too close inter-
breeding haying been avoided.

Now let us turn to the results arrived at by the third

“most experienced hybridiser, namely, the Hon. and
Rev. W. Herbert. He is as emphatic in his conclusion
that some hybrids are perfectly fertile—as fertile as the
pure parent-species—as are Kolreuter and Giirtner that
some degree of sterility between distinet species is a
universal law of nature. He experimented on some of
the very same species as did Gértner. The difference
in their results may, I think, be in part accounted
for by Herbert's great horticultural skill, and by his
having hothouses at his command. Of his many im-
portant statements I will here give only a single one as
an example, namely, that “every ovule in a pod of
Crinum capense fertilised by C. revolutum produced a
plant, which (he says) I never saw to occur in a case of
its natural fecundation.” So that we here have perfect
“or even more than commonly perfect, fertility in a first
eross between two distinet species.

This case of the Crinum leads me to refer to a most
singular fact, namely, that there are individual plants
of certain species of Lobelia and of some other genera,
which can be far more easily fertilised by the pollen of

~ another and distinet species, than by their own pollen ;
‘and all the individuals of nearly all the species of Hip-
peastrum seem to be in this predicament. For these
plants have been found to yield seed to the pollen
of a distinct species, though quite sterile with their
own pollen, notwithstanding that their own pollen
was fonnd to be perfectly good, for it fertilised dis-
tinct species. So that certain individual plants and
all the individuals of certain species can actually be
bridised much more readily than they can be self-
fertilised! For instance, a bulb of Hippeastrum au-
03
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licum produced four flowers; three were fertilised by
Herbert with their own pollen, and the fourth was
subsequently fertilised by the pollen of a compound
hybrid descended from three other and distinct species:
the result was that “the ovaries of the three first
flowers soon ceased to grow, and after a few days
perished entirely, whereas the pod impregnated by the
pollen of the hybrid made vigorous growth and rapid
progress to maturity, and bore good seed, which vege-
tated freely.” In a letter written in 1839, Mr. Herbert
told me that he had then tried the experiment during
five years, and he continued to try it during several
subsoquent years, and always with the sime result.
This result has, also, been confirmed by other observers
in the case of Hippeastrum with its sub-genera, and in
the case of some other genera, as Lobelia, Verbascum,
and especially Passiflora.  Although the plants in these
experiments appeared perfectly healthy, and although
both the ovules and pollen of the same flower were
perfectly good with respeet to other species, yet, as they
were functionally imperfect in their mutual self-action,
we must infer that the plants were in an unnatural
state. Nevertheless these facts show on what slight
and mysterious causes the lesser or greater fertility of
species when crossed, in comparison with the same
species when self-fertilised, sometimes depends.
The practical experiments of horticulturists, though
.| not made with scientific precision, deserve some no-
tice. It is notorious in how complicated a manner
| the 'species of Pelargonium, Fuchsia, Calceolaria, Pe-
tunia, Rhododendron, &e., have been crossed, yet many
of these hybrids seed freely. Tor instance, Herbert
asserts that a hybrid from Calceolaria integrifolia
and plantaginea, species most widely dissimilar in .
general habit, “veproduced itself as perfectly as if
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it had been a natural species from the mountains of
Chile.” I have taken some pains to ascertain the
degree of fertility of some of the complex crosses of
Rhododendrons, and I am assured that many of them
are perfectly fertile. Mr. C. Noble, for instance, informs
me that he raises stocks for grafting from a hybrid
~ between Rhod. Ponticum and Catawbiense, and that
this hybrid “seeds as freely as it is possible to imagine.”
Had lybrids, when fairly treated, nlways gone on de-
creasing in fertility in each successive generation, as
Girmer beheved to be the case, tlne fwt would have

to ists raise
luge beds of the same l\ylmdl, and such alone are
fairly treated, for by insect agency the several indi-
viduals of the same hybrid vaviety are allowed to freely
cross with each other, and the injurious influence of
close interbreeding is thus prevented. Any one may
readily convince himself of the efficiency of insect-
agency by examining the flowers of the more sterile
kinds of hybrid Rhododendrons, which produce no pol-
len, for he will find on their stigmas plenty of pollen
brought from other flowers.

In regard to animals, much fewer experiments have
been carefully tried than with plants. If our systematic
arrangements can be trusted, that is, if the genera of
animals are as distinct from each other as are the genera
of plants, then we may infer that animals more widely
geparated in the scale of nature can be more easily
erossed than in the case of plants; but the hybrids
themselves are, I think, more sterile. T doubt whether
any case of * perfectly femle hybnd animal can be
d. It should,
mm,be borne in mmd ﬂmt.owmghfewunnmh
freely under confinement, few experiments
have been foirly tried: for instance, the camary-bird

@& The Complete Wark of Charles Darwin Online



MG

Sholte |

300 HYBRIDISM. Cirar. VIIL

las been crossed with nine other finches, but, as not
one of these nine species breeds freely in confinement,
we have no right to expect that the first crosses be-
tween them and the ecanary, or that their hybrids,
should be perfectly fertile, Again, with respect to the
fertility in successive generations of the more fertile
hybrid animals, T hardly know of an' instance in which
two families of the same hybrid have been raised at the
same time- from different parents, so as to avoid the
ill effects of close interbreeding. On the contrary,
brothers and sisters hme usually been crossed in each
ion to the 1
repeMcd admonition nl cver\ l.\ree(ler And in this me,
it is not at all surprising that the inherent sterility in
the hybrids should have gome on increasing. If we
were to act thus, and paiv brothers and sisters in the
case of any pure animal, which from any cause had the
least tendeney to sterility, the breed would assuredly
be lost in a few generations.

Although T do not know of any thoroughly well-
authenticated cases of perfectly fertile hybrid animals, T
have reason to believe that the hybrids from Cervulus
vaginalis and Reevesii, and from Phasianus colchicus
with P. torquatus, are perfectly fertile. From the
experiments lately made on a large scale in France, it
seems that two such distinct species as the hare and
rabbit, when they can be got to breed together, produce.
offspring almost perfectly fertile. The hybrids from
the common and Chinese geese (A. cygnoides), species
which are so different that they are generally ranked
in distinct genera, have often bred in this country with
either pure parent, aud in one single instance they have
bred inter se. This was eﬂ'ectcd by Mr. Eyton, who
raised two hybrids from the same parents, but from dif-
ferent hatches ; and from these two birds he raised no

fony N-A. ixpo5TL
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less than eight Liybrids (grandehildren of the pure geese) /
from one nest. In India, however, these cross-bred
geese must be far more fertile; for T am assured by two
eminently capable judges, namely Mr. Blyth and Capt.
Hutton, that whole flocks of these crossed geese are
kept in various parts of the country; and as they are -
kept for profit, where neither pure parent-species exists,
they must certainly be highly or perfectly fertile.

A doctrine which originated with Pallas has been
largely accepted by modern naturalists ; namely, that
most of our domestic animals have descended from
two or more wild specles, since commingled l.vy inter
crossing.  On this view, the aboriginal species m
cither at first have produced quite fertile hyhnda, or
the hybrids must have become in subsequent genera-
tions quite fertile under domestication. This latter
alternative seems the most probable, and T have hardly
any doubt of its truth, although it rests on no direct
~ evidence. Tt is, for instance, almost certain that our
dogs have descended from several wild stocks; yet,
with perhaps the exception of certain indigenous do-

mestic dogs of South America, all are quite fertile
together ; and analogy makes me greatly doubt, whether
the several aboriginal species would at first have freely
bred together and have produced quite fertile hybrids.
8o again T have lately acquired decisive evidence that
the crossed offspring from the Indian humped and
‘common cattle are inter se perfectly fertile; and from
the observations by Riitimeyer on their important
 osteological differences, as well as from those by Mr.
~ Blyth on their differences in habits, voice, constitution,
&, these two forms must be regarded as .good and
distinet species—as good as any in the world. On this
iew of the origin of many of our domestic animals, we
must either give up the belief of the almost universal
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sterility of distinct species of animals when crossed; or
we must look at sterility, not as an indelible character-
istic, but as one capable of being removed by domesti-
cation.

Finally, considering all the ascertained facts on the

. intercrossing of plants and animals, it may be con-

cluded that some degree of sterility, both in first erosses
and in hybrids, is an extremely general result; but that
it cannot, under our present state of knowledge, be con-
sidered as absolutely universal.

Laws governing the Sterility of first Crosses and of
[ybrids.

We will now consider a little more in detail the
cireumstances and rules governing the sterility of first
crosses and of hybrids. Our chief object will be to
see whether or not the rules indicate that species have
specially been endowed with this quality, in order to
prevent their crossing and blending together in utter
confusion. The following rules and conclusions are
chiefly drawn up from Giirtner’s admirable work on
the hybridisation of plants. I have taken much pains
to ascertain how far the rules apply to animals, and,
considering how scanty our knowledge is in regard to
Lybrid animals, T have been surprised to find how
generally the same rules apply to both kingdoms.

It has been already remarked, that the degree of
fertility, both of first crosses and of hybrids, graduates
from zero to perfect fertility, It is surprising in how
many curious ways this gradation can be shown to
exist; but only the barest outline of the facts can here
be given. When pollen from a plant of one family is.
placed on the stigma of a plant of a distinet family, it
cxerts no more influence than so much inorganic dust.
From this absolute zero of fertility, the pollen of differ-
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ent species of the same genus applied to the stigma
of some one species, yields a perfect gradation in the
number of seeds produced, up to nearly complete or
even guite complete fertility ; and, as we have séen, in
certain abnormal cases, even to an excess of fertility,
beyond that which the plant’s own pollen will produce.
80 in hybrids themselves, there are some which never
have produced, and probably never would produce, even
with the pollen of either pure parent, a single fertile
seed: but in some of these cases a first trace of fer-
tility may be detected, by the pollen of one of the
pure parent-species causing the flower of the hybrid to
wither earlier than it otherwise would have done; and
the early withering of the flower is well known to be
_asign of incipient fertilisation. From this extreme
degree of sterility we have self-fertilised hybrids pro-
ducing' a greater and greater number of seeds up to
perfect fertility.
Hybrids from two species which are very difficult
to cross, and which rarely produce any offspring, are
generally very sterile; but the parallelism between the
difficulty of making a first cross, and the sterility of the
liybrids thus produced—two classes of facts which are
generally confounded together—is by no means strict.
There are many cases, in which two pure species can
“ be united with unusual facility, and produce numerons
hybrid-offspring, yet these hybrids are remarkably
sterile. On the other hand, there are species which
can be crossed very rarely, or with extreme difficulty,
but the hybrids, when at last produced, are very fertile.
 Even within the limits of the same genus, for instance
in Dianthus, these two opposite cases occur.
- The fertility, both of first crosses and of hybrids, is
more easily affected by unfavourable conditions, than
is the fertility of pure species. But the degree of fer-
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tility is likewise innately variable ; for it is not always
the same when the same two species are crossed under
the same cireumstances, but depends in part upon the
constitution of the individuals which happen to have
been chosen for the experiment. So it is with hybrids,
for their degree of fertility is often found to differ
greatly in the several individuals raised from seed out
of the same capsule and exposed to the same con-
ditions,

By the term systematic affinity is meant, the resem-
blance between species in structure and in constitution,
more especially in the structure of parts which are of
high physiological importance and which differ little
in the allied species. Now the fertility of first crosses
between species, and of the hybrids produced from
them, is largely governed by their systematic affinity.
This is clearly shown by hybrids never having been
raised between species ranked by systematists in distinet
families ; and on the other hand, by very closely allied
species generally wniting with facility. But the corre-
spondence between systematic affinity and the facility
of crossing is by no means strict. A multitude of cases
could be given of very closely allied species which will
1ot unite, or only with extreme difficulty; and on the
other hand of very distinet species which unite with the
utmost facility. In the same family there may be a
genus, as Dianthus, in which very many species can
most readily be crossed ; and another genus, as Silene,
in which the most persevering efforts have failed to
produce between extremely close species a single hy-
brid. Even within the limits of the same genus, we
meet with this same difference ; for instance, the many
species of Nicotiana have been more largely crossed
than the species of almost any other genus ; but Giirtner
found that N. acuminata, which is not a particularly
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distinet species, obstinately failed to fertilise, or to be
fertilised by, no less than eight other xpeciee of Nico-
tiana. Very many analogous facts could be given.

No one has been able to point out what kmd or whnt
amount, of dil in an
sufticient to prevent two species erossmg It can be
shown that plants most widely different in habit and
general appearance, and having strongly marked differ-
ences in every part of the flower, even in the pollen, in
the fruit, and in the cotyledons, can be crossed. An-
nual and p jal plants, d and
trees, plants inhabiting different stations and ﬂtted for
extremely different climates, can often be crossed with
ease.

By a reciprocal cross between two species, I mean
the case, for instance, of a stallion-horse being first

. crossed with a female-ass, and then a male-ass with a

mare : these two species may then be said to have been
reciprocally crossed. There is often the widest possible
difference in the facility of making reciprocal crosses.
Such cases are highly important, for they prove that the
capacity in any two species to eross is often completely
independent of their systematic affinity, or of any
difference in their whole organisation, except in their
reproductive systems. The diversity of result in reci-
procal crosses between the same two species was long
ago observed by Kélreuter. To give an instance: Mi-
vabilis jalapa can easily be fertilised by the pollen of
DL longiflora, and the hybrids thus produced are suffi-
ciently fertile; but Kolreuter tried more than two
hundred times, during eight following years, to fertilise
 reciprocally M. longiflora with the pollen of M. jalapa,
and utterly failed. Several other equally striking cases
could be given. Thuret has observed the same fact
with certain sea-weeds or Fuci. Girtner, moreover,
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found that this difference of facility in making reci-
procal crosses is extremely common in a lesser degree.
He has observed it even between forms so closely related
(as Matthiola annua and glabra) that many botanists
rank them only as varieties. It is also a remarkable
fact, that hybrids raised from reciprocal erosses, though
of course compounded of the very same two species,
the one species having first been used as the father and
then as the mother, though they rarely differ in external
characters, yet generally differ in fertility in a small,
and oceasionally in a high degree.

Several other singular rules could be given from
Giirtner: for instance, some species have a remarkable
power of crossing with other species; other species of
the same genus have a remarkable power of impressi
their likeness on their hybrid offspring; but these two
powers do not at all necessarily go together. There are
certain hybrids which, instead of having, as is usual,
an intermediate character between their two parents,
always closely resemble one of them ; and such hybrids,
though externally so like one of their pure parent-
species, are with rare exceptions extremely sterile. So
again amongst hybrids which are usually intermediate
in structure between their parents, exceptional and
abnormal individuals sometimes are born, which closely
resemble one of their pure parents; and these hybrids
are almost always utterly sterile, even when the other
liybrids raised from seed from the same capsule have a
considerable degree of fertility, These facts show how
completely fertility in the hybrid is independent of its
external resemblance to either pure parent.

Considering the several rules now given, which govern
the fertility of first crosses and of hybrids, we see that
when forms, which must be considered as good and dis-
tinet species, are united, their fertility graduates from
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zero to perfect fertility, or even to fertility under certain
conditions in excess. That their fertility, besides being
s iblo 1o fi bla/aud )

conditions, is innately variable, That it is by no means
always the same in degree in the first cross and in the
iybrids produced from this cross. That the fertility of
liybrids is not related to the degree in which they
resemble in external appearance either parent. And
lustly, that the facility of making a first cross between
any two species is not always governed by their sys-
tematic affinity or degree of resemblance to each other.
This latter statement is clearly proved by the difference
in the result of reciproeal crosses between the same two
species, for, according as the one species or the other is
used as the father or the mother, there is generally
some difference, and occasionally the widest possible
difference, in the facility of effecting an union. The
diybrids, moreover, produced from reciprocal erosses
often differ in fertility.
Now do these complex and singular rules indicate
that species have been endowed with sterility simply
1o prevent their becoming confounded in nature? I
- think not.  For why should the sterility be so extremely
different in degree, when various species are crossed, all
of which we must suppose it would be equally important
o keep from blending together? Why should the de-
gree of sterility be innately variable in the individuals
- of the same species? Why should some species eross
with facility, and yet produce very sterile hybrids; and
her species cross with extreme difficulty, and yet pro-
« fairly fertile hybrids? Why should there often
b 80 great a difference in the result of a reciprocal
between the same two species? Why, it may
be asked, has the production of hybrids been
tted? To grant to species the special power of
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producing hybrids, and then to stop their further pro-
pagation by different degrees of sterility, not strictly
related to the facility of the first union between their
parents, seems to be a strange arrangement.

The foregoing rules and facts, on the other hand,
appear to me clearly to indicate that the sterility both
of first crosses and of hybrids is simply incidental or
dependent on unknown differences in their reproduc-
tive systems; the differences being of so peenliar and
limited a nature, that, in reciprocal crosses between two
species, the male sexual element of the one will often
freely act on the female sexual element of the other, but
not in a reversed direction. Tt will be advisable to ex-
plain a little more fully by an example what I mean by
sterility being incidental on other differences, and not
a specially endowed quality. As the capacity of one
plant to be grafted or budded on another is so unim-
portant for its welfare in a state of nature, I presume
that no one will suppose that this capacity is a specially
endowed quality, but will admit that it is incidental
on differences in the laws of growth of the two plants.
We can sometimes see the reason why one tree will
not take on another, from differences in their rate of
growth, in the hardness of their wood, in the period
of the flow or nature of their sap, &e.; but in a multi-
tude of cases we can assign no reason whatever. Great
diversity in the size of two plants, one being woody
and the other herbaceous, one being evergreen and.
the other deciduous, and adaptation to widely differ-
ent climates, do not always prevent the two grafting
together. As in hybridisation, so with grafting, the
capacity is limited by systematic affinity, for no one
has been able to graft trees together belonging to quite
distinet families ; and, on the other hand, closely allied
species, and varicties of the same species, can usually,
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but not invariably, be grafted with ease. But this
capacity, as in hybridisation, is by no means absolutely
governed by systematic affinity. Although many dis-
tinct genera within the same family have been grafted
together, in other cases species of the same genus will
not take on each other. The pear can be grafted far
more readily on the quince, which is ranked as a dis-
tinct genus, than on the apple, which is a member of
the same genus. Tven different varieties of the pear
take with different degrees of facility on the quince ; so
do different varieties of the apricot and peach on certain
varieties of the plum.

As Giirtner found that there was sometimes an innate
difference in different individuals of the same two spe-
cies in crossing; so Sageret believes this to be the case
with different individuals of the same two species in
being grafted together. As in reciprocal crosses, the
facility of effecting an union is often very far from
equal, so it sometimes is in grafting; the common
gooseberry, for instance, canmot be grafted on the
currant, whereas the currant will take, though with
difficulty, on the gooseberry.

We have seen that the sterility of hybrids, which
have their reproductive organs in an imperfect con-
dition, is a different case from the difficulty of uniting
two pure species, which have their reproductive organs
perfect ; yet these two distinet cases run to a certain
extent parallel. Something analogous occwrs in graft-
ing; for Thouin found that three species of Robinia,
which seeded freely on their own roots, and which conld
be grafted with no great difficulty on another species,
when thus grafted were rendered barren. On the other
hand, certain species of Sorbus, when grafted on other
species, yielded twice as much fruit as when on their
own roots. We are reminded by this latter fact of
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the y case Passiflora, &e.,
which seed much more freely when fertilised with the
pollen of distinet species, than when fertilised with their
own pollen.

We thus sce, that, although there is a clear and
fundamental difference between the mere adhesion of
grafted stocks, and the union of the male and female
elements in the act of reproduction, yet that there is a
rude degree of parallelism in the results of grafting and
of crossing distinct species. And as we must look at
the curious and complex laws governing the facility with
which trees can be grafted on each other as incidental
on unknown differences in their vegetative systems, so
I believe that the still more complex laws governing
the facility of first crosses are incidental on unknown
differences in their reproductive systems. These differ-
ences, in both cases, follow to a certain extent, as might
have been expected, systematic affinity, by which every
kind of resemblance and dissimilarity between organic
beings is attempted to be expressed. The facts by no
means seem to me to indicate that the greater or lesser
difficulty of either grafting or crossing together various
species has been a special endowment; although in the
case of crossing, the difficulty is as important for the
endurance and stability of specific forms, as in the case
of grafting it is unimportant for their welfare. y

Origin and Causes of the Sterility of first Crosses ai
of Hybrids. L

At one time it appeared to me probable, as it
to others, that this sterility might have been a
through natural selection slowly acting on a slj
lessened degree of fertility, which at first sponta

appeared, like any other variation, in certain indi
of one variety when crossed with another variety.

@ The Complete Work of Charles Darwin Online



Cuar. VIIL. OF FIRST CROSSES AND OF HYBRIDS. 311

it would clearly be advantageous to two varieties or
incipient species, if they could be kept from blending,
. on the same principle that, when man is selecting at
the same time two varieties, it is necessary that he
should keep them separate. In the first place, it may
be remarked that distinet regions are often inhabited
by groups of species and by single species which when
brought together and erossed are found to be more or
Jess sterile; now it could elearly have been of no ad-
vantage to such separated species to have been rendered
‘mutually sterile, and consequently this could not have
been effected throngh natural selection; but it may
perhaps be argued with truth, that, if a species were
rendered sterile with some one compatriot, sterility with
other species would probably follow as a necessary con-
tingency. In the second place, it is as much opposed
1o the theory of natural selection as to that of special

one form has sometimes been rendered utterly impotent
“on a second form, whilst at the same time the male

But in considering the probability of natural selection
g come into action, one great difficulty will be
d o lie in the existence of many graduated steps
very slightly lessened fertility to utter and abso-
sterility. 1t may be admitted, on the principle
e explained, that it would profit an incipient species
were rendered in some slight degree sterile when
d with its parent-form or with some other variety ;
thus fewer bastardised and deteriorated offspring
be produced to commingle their blood with the
forming variety. But he who will take the

to reflect on the steps by which this first degree
rility could be increased through natural selection
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to that high degree which is common with so many
species, and which is universal with species which have
been differentiated to a generic or family rank, will find
the subject extraordinarily complex. After mature
reflection it seems to me that this could not have been
effected through natural selection ; for it conld not have
been of any direct advantage to an individual animal
to breed poorly with another individual of o different
variety, and thus to leave few offspring; consequently
such individuals could not have been preserved or se-
lected. With sterile neuter insects we have reason to
believe that modifications in their structure have been

tage having been thus indirectly given to the commus
nity to which they belonged over other communities of
the same species; but an individual animal, if rendered
slightly sterile when crossed with some other variety,
would not thus indirectly give any advantage to its
nearest relatives or-to any other individuals of the same.
variety, thus leading to their preservation. From these
considerations I infer, as far as animals are con

that the various degrees of lessened fertility which oeeur
with species when crossed cannot have been slowly
accumulated by means of natural selection.

With plants, it is possible that the case may be
different. With very many kinds, insects constantly
bring pollen from neighbouring plants of the same or
of other varieties to the stigma of each flower; and
with some this is effected by the wind. Now, if the
pollen of any one variety should become by spontaneous
variation in ever so slight a degree prepotent over the
pollen of other varieties, so that, when deposited
any means on the stigmas of the flowers of its
variety, it obli d the effects of previ
pol.len of other varieties, this wmlld ceruuuly be
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advantage to the variety; for it would thus escape being
b dised and deteri d in ch And the more
prepotent the pollen could be rendered through natural
selection the greater the advantage would be. We
know from the researches of Giirtner that prepotency
of this kind always accompanies the sterility which
follows from crossing distinet species; but we do not
know whether prepotency is a consequence of sterility,
or sterility a consequence of prepotency. If the latter
view be correct, we may infer that, as the prepotency
became stronger through natural selection, from being
adyantageous to a species in process of formation, so
the sterility consequent on prepotency would at the
same time be augmented ; and the final result would be
various degrees of sterility, such as actually occur with
our existing species when crossed. This same view
might be extended to animals if the female before each
birth received several males, so that the sexual element.
of the prepotent male of her own variety obliterated
all effects from the access of previous males of other
varieties; but we have no reason to believe, at least
with terrestrial animals, that this is the case; as most
males and females pair for each birth, and some few
for lif

e,
- On the whole we may conclude that with animals |
the sterility of crossed species has not been slowly |
‘augmented through natural selection; and as this|
sterility follows the same general laws in the vegetable x
a8 in the animal kingdom, it is improbable, though
| itly possible, that crossed plants should have
been rendered sterile by a different process from |
From this consideration, and remembering
species which have never co-existed in the same
- , and which therefore conld not have L
oy having been rendered mutually infertile, yet are -
o 3
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sterile when crossed ; and bearing in mind that in re-

( “ciprocal crosses between the same two species there is

\ sometimes the widest difference in the resulting degrees

\ of sterility, we must give up the belief that natural

/ selection has come into play; and we are driven to our

former proposition, that the sterility of first crosses, and

/ indirectly of hybrids, is simply incidental on unknown

differences in the reproductive systems of the parent-
species.

‘We may now try and look a little closer at the pro-
bable nature of these differences, which induce sterility
in first crosses, as well as in hybrids. Pure species and
hybrids differ, as already remarked, in the state of their
reproductive organs ; but from what will presently
follow on reeip hic and trimorphic plants,
it would appear as if some unknown band o law existed,
which causes the young from a union not fully fertile
to be themselves more or less infertile,

In the case of first crosses between pure species, the
greater or less difficulty in effecting an union and in
obtaining offspring apparently depends on several dis-
tinct causes. There must sometimes be a physical
impossibility in the male element reaching the ovule,
as would be the case with a plant having a pistil too

long for the pollen-tubes to reach the ovarium. It has
also been observed that when pollen of one species is
placed on the stigma of a distantly allied species, though.
the pollen-tubes protrude, they do not penetrate the
tic surface. Again, the male element may reach
the female element, but be incapable of causing an
embryo to be developed, as seems to have been the case
with some of Thuret's experiments on Fuei. No expla~
nation can be given of these facts, any more than why
certain trees cannot be grafted on others. Lastly,

embryo may be developed, and then perish at an early
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period. This latter al ive has not been
attended to; but I believe, from observations commii-
nicated to me by Mr. Hewitt, who has had
rience in hybridising pheasants and fowls, that the early
death of the embryo is a very frequent cause of sterility
in first crosses.  Mr. Salter has recently given the results
of an examination of about 500 eggs produced from
various crosses between three species of Gallus and their
hybrids ; the majority of these eggs had been fertilised ;
and in the majority of the fertilised eggs, the embryos
had either been ouly partially developed and had then
aborted, or had become nearly mature, but the young
chickens had been unable to break through the shell.
Of the chickens which were born, more than four-fifths
died within the first few days, or at latest weeks, “with-
out any obvious cause, apparently from mere inability
to live ;" so that from the 500 eggs only twelve chickens
were reared. The early death of hybrid embryos pro-
~ bably occurs in like manner with plants; at least it is
~ known that hybrids raised from very distinct species are
ssometimes weak and dwarfed, and pernhulnuﬂylgn,
of which fact Max Wichura has recently given some
striking cases with hybrid willows. It may be here
* worth noticing that in some cases of parthenogenesis,
~ embryos produced from eggs which had not been ferti-
lised, like those produced by the crossing of two distinet
i through their early stages of develop-
:‘:‘mm perished ; this has been observed by
M. Jourdan with the unimpregnated eggs of the silk-
‘moth. Until becoming acqnninwd with these facts, I
‘was unwilling to believe in the frequent early death of
hybrid embryos; for hybrids, when once born, are gene-
rally healthy and long-lived, as we see in the case of
common mule. Hybrids, however, are differently
circumstanced before and after birth: when b;m and
40
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living in a country where their two parents live, they
are generally placed under suitable conditions of life.
But a hybrid partakes of only half of the nature
and constitution of its mother, and therefore before
birth, as long as it is nourished within its mother’s
womb, or within the egg or seed produced by the mother,
it may be exposed to conditions in some degree un-
suitable, and consequently be liable to perish at an
early period; more especially as all very young beings
are eminently sensitive to injurious or unnatural con-
ditions of lifs. But aftet all, the cause more probably
lies in some imperfection in the original act of impregna-
tion, causing the embryo to be imperfectly developed,
rather than in the conditions to which it is subse-
quently exposed.

In regurd to the sterility of hybrids, in which the
sexual el ts are ped, the case is
different. T have more than o.nee alluded to a large
body of facts, which I have collected, showing that, when -
animals and plants are removed from their natural con-
ditions, they are extremely liable ‘to have their Tepro-
ductive systems seriously affected. This, in fact, is the
great bar to the domestication of animals, Between
the sterility thus superinduced and that of hybndl,«
there are many points of similarity. In hoth cases the
sterility is independent of general health, and is often
accompanied by excess of size or great luxuriance. In

| both cases the sterility occurs in various degrees; in

. both, the male element is the most liable to be affected;

| but sometimes the female more than the male. Tn both,
the tendency goes to a certain extent with systematic
affinity, for whole groups of animals and plants are ren-
dered impotent by the same unnatural conditions; and
whole groups of species tend to produce sterile hybrids,
On the other hand, one species in a group will some-
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times resist great changes of conditions with unimpaired
fertility ; and certain species in a group will produce
unusually fertile hybrids. No one can tell, till he tries,
whether any particular animal will breed under confine-
ment, or any exotic plant seed freely under culture ; nor
can he tell, till he tries, whether any two species of a
genus will produce more or less sterile hybrids. Lastly,
when organic beings are placed during several genera-
tions under conditions not natural to them, they are
extremely liable to vary, which is due, as I believe, to
their reproductive systems having been specially af-
fected, though in a lesser degree than when sterility
ensues. So it is with hybrids, for hybrids in successive
generations are éminently liable to vary, as every ex-~
perimentalist has observed.

Thus we see that when organic bemgs are placed
ander new and unnatural conditions, and when hybnds
are produced by the mmntuml crossing of two species,
the d system, independently of the general
state of health, is affected by sterility in a very similar
manner. In the one case, the conditions of life have
been disturbed, though often in so slight a degree as
to be inappreciable by us; in the other case, or that
of hybrids, the external conditions have remained the
same, but the organisation has been disturbed by two dif-
ferent structures and constitutions having been blended
into one. For it is scarcely possible that two organisa-
t\ons should be compounded mto one, thhont some

il ing in the or 1
action, or mutual relations of tha different parts and
organs one to another or to the conditions of life. When.
hybrids are able to breed inter se, they transmit to their

offspring from generation to generation the same com- |

pounded organisation, and hence we need not be sur-
prised that their sterility, though in some degree vari-
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able, does not diminish, but is apt to increase; this
increase being perhaps intelligible, as before explained,
on the principles of inheritance and from too close
interbreeding. The above view of the sterility of hy-
brids being caused by two different constitutions having
been confounded into one has lately been strongly
maintained by Max Wichura ; but it must be owned
that the sterility, so like in every respect to that
of hybrids, which affects the illegitimate offspring of
dimorphie and trimorphic plants of the same species
(as will be immediately described), makes this view
rather doubtful.

It must also be owned that we cannot understand, on
this or any other view, several facts with respect to the
sterility of hybrids; for instance, the unequal fertility of
hybrids produced from reciprocal crosses; or the in-
creased sterility in those hybrids which occasionally
and exceptionally resemble closely either pure parent.
Nor do T pretend that the foregoing remarks go to the
root of the matter: no explanation is offered why an
organism, when placed under unnatural conditions, is
rendered sterile. All that I have attempted to show,
is that in two cases, in some respects allied, sterility
is the common result,—in the one case from the con-
ditions of life having been disturbed, in the other
case from the organisation or constitution having been
disturbed by two isations being compounded into
one.

It may seem fanciful, but I suspect that a similar
parallelism extends to an allied yet very different class
of facts. Tt is an old and almost universal belief,
founded, T think, on a considerable body of evidence,
that slight changes in the conditions of life are bene-
ficial to all living things. We see this acted on by
farmers and gardeners in their frequent exchanges of
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seed, tubers, &c., from one soil or climate to another,
and back again. During the convalescence of animals,
we plainly see that great benefit is derived from almost
any change in the habits of life. Again, both with
plants and animals, there is abundant evidence that
a cross between very distinet individuals of the same
species, that is between members of different strains or
sub-breeds, gives vigour and fertility to the offspring.
T believe, indeed, from the facts alluded to in our fourth
chapter, that a certain amount of crossing is indispens-
able even with hermaphrodites; and that close inter-
breeding continued during several generations between
the nearest relations, especially if these be kept under
the same conditions of life, always induces weakness
and sterility in the progeny.

Hence it seems that, on the one hand, slight changes
in the conditions of life benefit all organic bemgs, and |
on the other hand, that slight crosses, that is crosses
between the males and females of the same species
which have varied and become slightly different, give
vigour and fertility to the offspring. But we have seen
that greater changes, or changes of a particular nature,
often render organic beings in some degree sterile;
and that greater crosses, that is crosses between males
and females which have become widely or specifically
different, produce hybrids which are generally sterile
in some degree. I cannot persuade myself that this
parallelism is an accident or an illusion. Both series
of facts seem to be connected together by some common
but unknown bond, which is essentially related to the
principle of life; this principle apparently being that
life, as Mr. Herbert Spencer has remarked, depends on,
or consists in, the incessant action and reaction of
various forces, which, as throughout nature, are always
tending towards an equilibrium; and when this ten-
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dency is slightly disturbed by any change, the vital forces
apparently gain in power.

. Reciprocal Dimorphisms and Trimorph

This subject may be here briefly discussed, and will
be found to throw considerable light on hybridism.
Several plants belonging to distinct orders present two
forms, existing together in about equal numbers, which
differ in no respect except in their reproductive organs ;
one form having a long pistil with short stamens, the
other a short pistil with long stamens; both with dif-
ferently sized pollen-grains. With trimorphic plants
there are three forms likewise differing in the lengths of
their pistils and stamens, in the size and colour of the
pollen-grains, and in some other respects; and as in
each of the three forms there are two sets of stamens,
there are altogether six sets of stamens and three
kinds of pistils. These organs are so proportioned
in length to each other, that, in any two of the forms,
half the stamens in each stand on a level with the
stigma of the third form. Now I have shown, and
the result has been confirmed by other observers, that,
in order to obtain full fertility with these plants, it
is mecessary that the stigma of the one form should
be fertilised by pollen taken from the stamens of cor-
responding height in the other form. So that with
dimorphic species two unions, which may be called
legitimate, are fully fertile, and two, which may be
called illegitimate, are more or less infertile. With
trimorphic species six unions are legitimate or fully
fertile, and twelve are illegitimate or more or less in-
fertile.

The infertility which may be observed in various
dimorphic and trimorphic plants, when they are illegi-
timately fertilised, that is by pollen taken from stamens
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not corresponding in height with the pistil, differs much
in degree, up to absolute and utter sterility ; just in the
same manner as occurs in crossing distinet species.  As
the degree of sterility in the latter case depends in an
eminent degree on the conditions of life being more or
less favourable, so I have found it with illegitimate
unions. It is well known that if pollen of a distinct
species be placed on the stigma of a flower, and its own
pollen be afterwards, even after a considerable interval
of time, placed on the same stigma, its action is so
strongly prep that it g Lly ihil the
effect of the foreign pollen; so it is with the pollen of
the several fnrms of the same species, for legitimate
pollen is strongly prepotent over illegitimate pollen,
when both are placed on the same stigma. I ascer-
tained this by fertilising several flowers, first illegiti-
mately, and twenty-four hours afterwards legitimately,
with pollen taken from a peculiarly coloured variety,
and all the seedlings were similarly coloured ; this
shows that the legitimate pollen, though applied twenty-
four hours subsequently, had wholly yed or pre-
vented the action of the previously applied illegitimate
pollen.  Again, as in making reciprocal crosses between
the same two species, there is occasionally a great
difference in the result, so something analogous occurs
with dimorphic plants; for a short-styled cowslip yiclds
more seed when fertilised by the long-styled form, and |
less seed when fertilised by its own form, than does
& long-styled cowslip when fertilised in the two cor-
responding methods.

In all these respects the forms of the same undoubted
species when illegitimately united behave in exactly
the same manner as do two distinet species when
crossed. This led me carefully to observe during four
years many seedlings, raised from several megiﬁmate

2
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unions. The chief result is that these illegitimate
plants, as they may be called, are not fully fertile. It
is possible to raise from dimorphic species, both long-
styled and short-styled illegitimate plants, and from
trimorphic plants all three illegitimate forms; so that
these can be properly united in a legitimate manner,
‘When this is done, there is no apparent reason why
they should not yield as many seeds as did their parents
when legitimately fertilised. But such is not the case;
they are all infertile, but in various degrees ; some being
8o utterly and incurably sterile that they did not yield
during four seasons a single seed or even a seed-capsule.
These illegitimate plants, which are so sterile, although
united with each other in a legitimate manner, may be
strictly compared with hybrids when crossed inter s,
and we all know how sterile these latter generally are.
‘When on the other hand a hybrid is crossed with either
pure parent-species, the sterility is usually much less-
ened: and so it is when an illegitimate plant is ferti-
lised by a legitimate plant. In the same manner as
the sterility of hybrids does not always run “parallel
with the difficulty of making the first cross between its
two parent-species, so the stérility of certain illegitimate
plants was unusually great, whilst the sterility of the
union from which they were derived was by no means
great. With hybrids raised from the same seed-capsule
the degree of sterility is innately variable, so it is in a
marked manner with illegitimate plants. Lastly, many
hybrids are profuse and persistent flowerers, whilst
other and more sterile hybrids produce few flowers, and
are weak, miserable dwarfs; exactly similar cases occur
with the illegitimate offspring of various dimorphic and
trimorphic plants.

Altogether there is the closest identity in character
and behaviour between illegitimate plants and hybrids.
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It is hardly an exaggeration to maintain that the
former are hybrids, but produced within the limits
of the same species by the improper union of certain
forms, whilst ordinary hybrids are produced.from an
improper union between so-called distinct species. We
have also already seen that there is the closest simi-
larity in all respects between first illegitimate unions
and first crosses between distinet species. Al this will
perhaps be made more fully apparent by an illustra-
tion: we may suppose that a botanist found two well-
marked varieties (and such occur) of the long-styled
form of the trimorphic Lythrum salicaria, and that he
determined to try by crossing whether they were speci-
fically distinct. He would find that they yielded only
about one-fifth of the proper number of seed, and that
they behaved in all the other above specified respects
as if they had been two distinct species. But to make
the case sure, he would raise plants from his supposed
hybridised seed, and he would find that the seedlings
were miserably dwarfed and utterly sterile, and that
they behaved in all other respects like ordinary hybrids,
He might then maintain that he had actually pmved

 in accordance with the common view, that his two varie-
ties were as good and as distinct species as any in the
world; but he would be completely mistaken,

The facts now given on dimorphic and trimorphic
plants are of importance, because they show us, firstly,
that the physiological test of lessened fertility, both in
first crosses and in hybrids, is no safe criterion of specific
distinction ; secondly, because we are thus led to infer,
as previously remarked, that there must be some un-
known law or bond connecting the infertility both of

imate unions and of first crosses, with the infer-
tility of their illegitimate and hybrid offspring; thirdly,
because we find, and this seems to me of especial im-
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portance, that two or three forms of the same species
may exist and may differ in no respect, except in cer-
tain characters in their reproductive organs,—such as in
the relative lengths of the stamens and pistils, in the
size, form, and colour of the pollen-grains, in the struc-
ture of the stigma, and in the number and size of the
seeds. With these differences and with no others, either
in organisation or constitution, between the several
forms, which are all hermaphrodites, we find that their
illegitimate unions and their illegitimate progeny are
more or less sterile, and closely resemble in a whole
series of relations the first unions and the hybrid off-
spring of distinet species. We are thus led to infer
that the sterility of species when crossed and of their
hybrid progeny is likewise in all probability exclusively
‘due to similar differences confined to their reproductive
systems,  We are indeed led to this same conclusion
from considering reciprocal crosses between the same
two species, in which the male of one cannot be united,
or can be united with great difficulty, with the female
of the other species, whilst the converse cross can be
effected with perfect facility ; for this difference in the
facility of making reciprocal crosses and in the fertility
of their offspring must be attributed either to the male
or to the female element in the one species having been
differentiated, with reference to the other sexual element,
in a higher degree than in the second species. That
excellent observer, Girtner, likewise came on general
grounds to the same conclusion, namely, that species
when crossed are sterile owing to differences confined
to their reproductive systems.
Finally, we are naturally led to inquire for what
useful end lmve plunts been rendered recxprwn].ly
A 4 analogy
clearlv gnveg us the answer as ﬁu- as the immediate
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cause is concerned, namely, to prevent the pollen of
each flower acting on the stigma of that flower. We
see this effected in a host of flowers by the most curious
mechanical contrivances, as I have shown with Orchids,
and as could be shown with many plants of many other
orders. There are also numerous plants, called dicho-
gamous by C. K. Sprengel, in which the pollen and
stigma are never mature at the same time, so that these
plants can never fertilise themselves. There are many
flowers, which, though they have their stigmas and
pollen mature together, nnd which do not present any
obstacle to self-i yet heless are
almost always fertilised by surrounding varieties when
growing in the vicinity, as shown by the character of
their scedlings. Then, again, we have many flowers
with separated sexes borne on distinet plnnm, or on
the same, which inevitably prevents sel

Lastly, in accordance with the great principle pre-
vailing throughout nature, of the same end being

by the most diversified means, we find in dimorphic
and trimorphic plants, in which self-fertilisation is not
checked by any of the above-specified means, that this
has been effected by the pollen of each flower, and con-
sequently of all the flowers of the same form, having
been rendered more or less impotent on their own
stigmas; so that its action is easily and wholly obli-
terated by pollen habitually brought by insects from
other individuals and forms of the same species.

In searching for the cause of dimorphism and tri-
morphism in plants, we may, in my opinion, safely go
one step further, and conclude that the pollen has
been prevented acting on the stigma of the same flower,
in ovder to give vigour to the offspring by leading to
the union of two distinct individuals. But on this view
it is not a little remarkable that the end has been
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gained, in the case of dimorphic and trimorphic plants,
at the expense of all the plants of the same form being
rendered more or less sterile when united, and produc-
ing more or less sterile offspring.  With respect to the
steps by which it is probable that plants have been
rendered dimorphic and trimorphic, want of space pre-
vents my entering on the subject; but I will add that
there is no special difficulty in this having been effected
throngh variability, through the good gained by the
prepotency of one sort of pollen over another, and
through the accumulative action of natural selection.

Fertility of Varieties when Crossed, and of their Mongrel

Offspring.

Tt may be urged, as a most forcible argument, that
there must be some essential distinction between species
and varieties, and that there must be some error in all
the foregoing remarks, inasmuch as vmemu, however
much they may differ from each other ap-
pearance, cross with perfect facility, and yleld perfectly
fertile offspring. With some exceptions, presently to
be given, I fully admit that this is the rule. But the
subject is surronnded by difficulties, for, looking to
varieties produced under nature, if two forms hitherto
reputed to be varieties be found in any degree sterile
wguther, they are at once ranked by most naturalists
as species. For instance, the blue and red pimpernel,
which are considered by most botanists as varieties, are
said by Giirtner not to be quite fertile when crossed,
and he quently ranks them as undoul, ’speela‘.
If we thus argue in a circle, the fertility of all varie-
ties produced under nature will assuredly have to be
granted.

If we turn to varieties, produced, or supposed to have
been produced, under domestication, we are still in-
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volved in doubt. For when it is stated, for instance,
that the German Spitz dog erosses more easily with the
fox than do other dogs, or that certain South American
indigenous domestic dogs do mot readily wnite with
European dogs, the explanation which will occur to
every one, and probably the true one, is that these
dogs have descended from aboriginally distinct species.
Nevertheless the perfect fertility of so many domestic
varicties, differing widely from each other in appear-
ance, for instance those of the pigeon or the cabbage,
is a remarkable fact; more especially when we reflect
how many species there are, which, though resembling
each other most closely, are utterly sterilo when inter-
crossed. Several considerations, however, render this
fertility of domestic varieties less remarkable. It can,
in the first place, be clearly shown that mere external
dissimilarity between two species does not determine
their greater or lesser degree of sterility when crossed ;
and we may apply the same rule to domestic varieties.
In the second place, we must remember how ignorant
we are on the precise causes of sterility, both when
species are crossed, and when species are removed from
their natural conditions. On this latter head I have
not had space to give the many remarkable facts which
could have been adduced. With respect to sterility
from crossing, it is good to reflect on the difference in
the result of reeiprocal crosses, and on those singular
cases in which a plant can be more easily fertilised by
pollen from a distinet species than by its own. When
we think over such cases, and on that of the differently

- coloured varieties of Verbascum presently to be given,

we must feel how ignorant we are, and how little likely
it is that we should understand why certain forms are
fertile and other forms are sterile when crossed. In
the third place, there is good evidence for believing
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that a long course of domestication tends to eliminate
sterility ; and if this be so, we surely ought not to ex-
pect to find sterility both appearing and disappearing
under nearly the same conditions of life. Lastly, and
this seems to me the most important consideration, new
races of animals and plants are produced under domes-
tication chiefly by man’s methodical and unconscions
power of selection, for his own use and pleasure: he
neither wishes to select, nor could select, slight differ-
ences in the reproductive system, or other constitutional
differences correlated with the reproductive system.
Domestic productions are less closely adapted to eli-
mate and to the other physical conditions of the countries
which they inhabit than are those in a state of nature,
for they can generally be removed to other and dif-
ferently constituted countries with impunity. Man sup-
plies his several varieties with the same food ; he treats
them in nearly the same manner, and does not wish to
alter their general habits of life. Nature acts uniformly
and slowly during vast periods of time on the whole
organisation, in any way which may be for each crea-
ture’s own good ; and thus she may, either directly, or
more probably indirectly, through correlation, modify
the reproductive systems of the several descendants from
any one species. Seeing this difference in the process
of selection, as carried on by man and nature, we need
not be surprised at some difference in the result.

* I have as yet spoken as if the varieties of the same
| species were invariably fertile when i d. But
| it is impossible to resist the evidence of the existence
| of a certain amount of sterility in the few following

cases, which I will briefly abstract. The evidence is

at least as good as that from which we believe in the
sterility of a multitude of species. The evidence is,
also, derived from hostile witnesses, who in all other
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cases consider fertility and sterility as safe criterions
of specific distinction. Girtner kept during several
years a dwarf kind of maize with yellow seeds, and a
tall variety with red seeds, growing near each other in
his garden ; and although these plants have separated
sexes, they never naturally crossed. He then fertilised
thirteen flowers of the one with the pollen of the other;
but only a single head produced any seed, and this one
head produced only five grains. Manipulation in this
case could not have been injurious, as the plants have
separated sexes. No one, I believe, has suspected that
these varieties of maize are distinct species; and it is
important to notice that the hybrid plants thus raised
were themselves perfectly fertile; so that even Giirtner
did not venture to consider the two varieties as speci-
fically distinct.

Girou de Buzareingues crossed three varieties of
gourd, which like the maize has separated sexes, and he
asserts that their mutual fertilisation is by so much the
less easy as their differences are greater. How far these
experiments may be trusted, I know not; but the forms
experimented on are ranked by Sageret, who mainly
founds his classification by the test of infertility, as
varieties, and Naudin has come to the same conclusion.

The following case is far more remarkable, and seems
at first quite incredible ; but it is the result of an asto-
nishing number of experiments made during many years
on nine species of Verbascum, by so good an obseryer
and so hostile a witness as Giirtner : namely, that yellow
and white varieties of the same species of Verbascum
when intercrossed produce less seed, than does either
coloured variety when fertilised with pollen from its
own coloured flowers. Moreover, he asserts that, when
yellow and white varieties of one species are crossed
with yellow and white varieties of a distinet species,
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more seed is produced by the crosses between the simi-
larly coloured flowers, than between those which are
differently coloured. Yet these varicties of Verbascum
present no other difference besides the mere colour of
the flower; and one variety can sometimes be raised
from the seed of the other.

Kolreuter, whose accuracy has been confirmed by
every subsequent observer, has proved the remarkable
fact, that one variety of the common tobacco is more
fertile, when crossed with a widely distinct species, than
are the other varieties. He experimented on five forms,
which are commonly reputed to be varieties, and which
he tested by the severest trial, namely, by reciprocal
crosses, and he found their mongrel offspring perfectly
fertile. But one of these five varieties, when used either
as father or mother, and crossed with the Nicotiana glu-
tinosa, always yielded hybrids not so sterile as those
which were produced from the four other varieties when
crossed with N. glutinosa. Hence the reproductive
system of this one variety must have been in some
manner and in some degree modified.

From these facts; from the great difficulty of ascer-
taining the infertility of varieties in a state of nature,
for a supposed variety, if proved to be infertile in any
degree, would almost universally be ranked as a species ;
from man selecting only external characters in his
domestic varieties, and from not wishing or being able
to produce recondite and functional differences in their

uctive systems; from these several considerations
and facts, I do not think that the fertility of varieties
can be proved either to be of universal occurrence, or
to form a fundamental distinction between them and
species. The general fertility of varieties, considering
how entirely ignorant we are on the causes of both
fertility and sterility, does not seem to me sufficient
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to overthrow the view taken with respect to the very
general, but not invariable, sterility of first crosses be-
tween species and of their hybrids, namely, that it is
not a special endowment, but is incidental on modifi-
cations, slowly impressed, by unknown means, on the
reproductive systems of the parent-forms.

Hybrids and Mongrels compared, independently of their
Jertility.

Independently of the question of fertility, the off-
spring of species when crossed and of varieties when
crossed may be compared in several other respects.
Giirtner, whose strong wish it was to draw a distinct line
between species and varieties, could find very few, and,

" as it seems to me, quite unimportant differences between
the so-called hybrid offspring of species, and the so-called
mongrel offspring of varieties. - And, on the other hand,
they agree most closely in many important respeets.

I shall here discuss this subject with extreme brevity.
The most important distinction is, that in the first gene-
ration mongrels are more variable than hybrids; but
Giirtner admits that hybrids from species which have
long been cultivated are often variable in the first gene-
ration ; and I have myself seen striking instances of
this fact. Giirtner further admits that hybrids between
very closely allied species are more variable than those
from very distinet species; and this shows that the
difference in the degree of variability graduates away.
“When mongrels and the more fertile hybrids are pro-
pagated for several generations an extreme amount of
variability in their offspring is notorious; but some few
cases both of hybrids and mongrels long retaining uni-
formity of character could be given. The variability,
however, in the successive generations of mongrels “is,
perhaps, greater than in hybrids.
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This greater variability of mongrels than of hybrids
does not seem to me at all surprising. For the parents
of mongrels are varieties, and mostly domestic varieties
(very few experiments having been tried on natural
varieties), and this implies in most cases that there has
been recent variability; and therefore we might expect
that such variability would often continue and be super-
added to that arising from the mere act of crossing.
The slight degree of variability in hybrids from the first
cross or in the ﬁrst generation, m contrast with their
extreme vari in the ions, is a
curions fact and deserves attention. For it bears on
and corroborates the view which I have taken on the
cause of ordinary variability ; namely, that it is due
to the reproductive system being eminently sensitive to
any change in the conditions of life, being thus often
rendered either impotent or at least incapable of its
proper function of producing offspring identical with
the parent-form. Now hybrids in the first generation
are descended from species (excluding those long culti-
vated) which bave not had their reproductive systems
in any way affected, and they are not variable; but
hybrids th Ives have their d systems
seriously affected, and their descendants are highly
variable.

But to return to our comparison of mongrels and hy-
brids: Giirtner states that mongrels are more liable than
hybrids to revert to either parent-form; but this, if it
be true, is certainly only a difference in degree. More-
over, Giirtner expressly states that hybrids from long-
cultivated plants are more subject to reversion than
hybrids from species in their natural state; and this
probably explains the singular difference in the results
artived at by different observers: thus, Max Wichura
doubts whether hybrids ever revert to their parent-
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forms, and he experimented on uncultivated species of
willows; whilst Naudin, on the other hand, insists in
the strongest terms on the almost universal tendency to
reversion in hybrids, and he experimented chiefly on
cultivated plants, Giirtner further states that when
any two species, although most closely allied to each
other, are crossed with a third species, the hybrids are
widely different from each other ; whereas, if two very
distinct varieties of one species are crossed with another
species, the hybrids do not differ much. But this con-
clusion, as far as I can make out, is founded on a single
experiment ; and seems directly opposed to the results
of several experiments made by Kolreuter.

Such alone are the unimportant differences which
Giirtner is able to point out between hybrid and mongrel
plants.  On the other hand, the degrees and kinds of
resemblance in mongrels and in hybrids to their respec-
tive parents, more especin]]y in hybrids produced from
nearly related species, follow wcor(hng to Giirtner the
same lnws When two species are elv-ed, one has

wer of impressing its like-
ness on thehybnd and so I believe it to be with
varieties of plants. With animals one variety certainly
often has this prepotent power over another variety.
Hybrid plants produced from a reciprocal cross, gene-
rally resemble each other closely; and so it is with
mongrels from a reciprocal cross. Both hybrids and
mongrels can be reduced to either pure parent-form,
by repeated crosses in successive generations with either
parent.

These several remarks are apparently applicable to
animals; but the subject is here much complicat
pﬂ.ly owing to the existence of mnd.ll" sexul

3 but more ially owing to prep
in transmitting likeness running more stnmgly in one
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sex than in the other, both when one species is crossed
with another, and when one variety is crossed with another
variety. For instance, I think those authors are right,
who maintain that the ass has a prepotent power over
the horse, so that both thé mule and the hinny more
resemble the ass than the horse; but that the prepo-
tency runs more strongly in the male-ass than in the
female, so that the mule, which is the offspring of
the male-ass and mare, is more like an ass, than is the
hinny, which is the offspring of the female-ass and
stallion.

Much stress has been laid by some authors on the
supposed fact, that it is only with mongrels that the
offspring are not intermediate in character, but closely
resemble one of their parents; but this does sometimes
occur with hybrids, yet I grant much less frequently
with them than with mongrels. Looking to the cases
which I have collected of cross-bred animals closely
resembling one parent, the resemblances scem chiefly
confined to characters almost monstrous in their nature,
and which have suddenly appeared—such as albinism,
melanism, deficiency of tail or horns, or additional
fingers and toes ; and do not relate to characters which
have been slowly acquired through selection. Con-
sequently, sudden reversions to the perfect character
of either parent would be more likely to occur with
mongrels, which are descended from varieties often
suddenly produced and semi-monstrous in charaeter,
than with hybrids, which are descended from species
slowly und naturally produced. On the whole, T entirely
agree with Dr. Prosper Lucas, who, after arranging an
enormous body of facts with respect to animals, comes
to the conclusion, that the laws of resemblance of the
child to its parents are the same, whether the two
parents differ little or much from each other, namely
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in the union of individuals of the same variety, or of
different varieties, or of distinet species.

Laying asido the question of fertility and sterility, in
all other respects there seems to be a general and close
similarity in the offspring of crossed species, and of
crossed varieties. If we look at species as having been
specially created, and at varieties as having been pro-
dueed by secondary laws, this similarity would be an
astonishing fact. But it harmonises perfectly with the
view that there isno essential distinetion between species
and varieties.

Summary of Chapter.

First crosses between forms sufficiently distinet to be
ranked as species, and their hybrids, are very generally,
but not universally, sterile. The sterility is of all
degrees, and is often so slight that the two most careful
experimentalists who have ever lived, have come to
diametrically opposite conclusions in ranking forms by
this test. The sterility is innately variable in indivi-
duals of the same species, and is eminently susceptible

i ble and bl diti The degree

of sterility does not strictly follow systematie affinity,
but is governed by several curious and complex laws.
It is generally different, and sometimes widely different,
in reciprocal crosses between the same two species. It
is not always equal in degree in a first cross and in the
Tybrids produced from this cross.

In the same manner as in grafting trees, the capacity
of one species or variety to take on another, is incidental
‘on generally unknown differences in their vegetative
 systems, 50 in crossing, the greater or less facility of one
species to unite with another, is incidental on unknown
differences in their reproductive systems. There is no
-more reason to think that species have been specially
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endowed with various degrees of sterility to prevent
them crossing and blending in nature, than to think
that trees have been specially endowed with various and
somewhat analogous degrees of difficulty in being grafted
together in order to prevent t.hem becoming inarched in
our forests.

The sterility of first crosses and of their hybrid pro-
geny has not, as far as we can judge, been increased
through natural selection so as to attain that high de-
gree which is universal with species when rendered
widely distinet. With first crosses between pure spe-
cies, in which the reproductive system is in a perfect
condition, the sterility seems to depend on several
circumstances; in some cases largely on the early death
of the embryo, but this apparently depends on some
imperfection in the original act of impregnation. With
hybrids, in which the reproductive system is in an
imperfect condition, and in which this system as well
as the whole organisation has been disturbed by being
compounded from two distinet forms, the sterility appa-
rently is closely allied to that which so frequently
affects pure species, when exposed to unnatural condi-
tions of life. This view is supported by a parallelismi of
another kind : namely, that the crossing of forms only
slightly differentiated favours the vigour and fertility of
their offspring ; and that slight chnug&n in the conditions
of life apparently add to the vlgom' and fertility of all
organic beings. But the facts given on the sterility uf
the unions of di and
plants and of their illegitimate progeny, render it pro—
bable that there is some unknown bond connecting in-
all cases the degree of fertility of first unions with that
of their offspring. The consideration of these facts on
dimorphism, as well as the results of reciprocal crosses,
drive us to conclude that in all cases the primary cause
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of sterility, both in the parents and in the offspring, is
confined to differences in their reproductive jsystems.
But why in numerous species, descended from a common
parent-form, the reproductive system should in all have
become more or less modified, leading to their mutual
infertility, we do not know in the least; nor whether
this has been effected directly, or in correlation with
B iher 1 aid finstional modiNaatl

It is not surprising that the degree of difficulty in
uniting two species, and the degree of sterility of their
hybrid-offspring, should generally correspond, even if
due to distinet causes; for both depend on the amount
of difference of some kind between the species which
are crossed. Nor is it surprising that the facility of
effecting a first cross, and the fertility of the hybrids
thus produced, and the capacity of being grafted to-
gether—though this latter capacity evidently depends
on widely different circumstances—should all run, to a
certain extent, parallel with the systematic affinity of
_ the forms which are subjected to experiment ; for system-
atic affinity attempts to express all kinds of resemblance
between all species.

First crosses between forms known to be varieties, or
sufficiently alike to be considered as varieties, and their
mongrel offspring, are very generally, but not, as is so-
often stated, universally fertile. Nor is this nearly
general and perfect fertility surprising, when we re-
member how liable we are to argue in a circle with
respect to varieties in a state of nature; and when we
remember that the greater number of varieties have
been produced under domestication by the selection of
mere external differences, and not of differences in the
-upodllctive sysham. I\or should it be forgotten that
Tong. ly tends to elimi-
h&s sterility, and is therefore little hkely to induce this

Q

( Cutap. VIIL SUMMARY. 337
{

@ The Complete Waork of Charles Darwir Orline



HYBRIDISM. Caar, VUL

i 8

| uality. Excluding the subject of fertility, in
all other respects there is the closest general resem-
rbhnubatveenhhndsmdmmgnh Finally, then,

| although we are profoundly ignorant in every case of
the precise cause of the sterility of first crosses and of
hybrids, the facts briefly given in this chapter do not.
seem to me opposed to the view, that there is no funda-
‘mental distinction between species and varieties. i
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CHAPTER IX.

ON THE IMPERFECTION OF THE GEOLOGICAL RECORD,

On the absence of intermediate varieties at the present day—On
the nature of extinct intermediate varieties ; on their number—
On the vast lapse of time, as inferred from the rate of deposition
and of denudation—On the poorness of our paleontological
collections—On the denudation or granitic areas—On the inter-
mittence of geological formations—On the absence of intermediate
varietics in any one formation—On the sudden appearance of
sroups of species—On their sudden appearance in the lowest
known fossiliferous strata.

Ix the sixth chapter I enumerated the chief objections

which mxght be justly urged against the views main-

tained in this volume. Most of them have now been

discussed.  One, namely the distinctness of i

forms, and their not being blended together by innu-

merable transitional links, is a very obvious difficulty.

I assigned reasons why such links do not commonly

oceur at the present day, under.the circumstances

apparently most fnvoumble for their presence, numely
on an and area with grad
pllymcsl conditions. I endeayoured to show, that the
life of each sp depends in a more imp manner
on the presence of other already defined organic forms,
than on climate; and, therefore, that the really go-
yerning conditions of life do not graduate away quite
 insensibly like heat or moisture. I endeavoured, also,
to show that intermediate ‘varieties, from existing in
Jesser numbers than the forms which they connect, will
“generally be beaten out and exterminated du;mg the
Q
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course of further modification and improvement. The
main cause, however, of innumerable intermediate links
not now oceurring everywhere throughout nature de-
pends on the very process of natural sclecuun, through
which new varieties continually take the places of and
exterminate their pavent-forms. But just in propor-
tion as this process of extermination has acted on an
enormous scale, so must the number of intermediate
varieties, which have formerly existed on the earth, be
truly enormous. Why then is not every geological
formation and every stratum full of such intermediate
links? Geology assuredly does not reveal any such
finely-graduated organic chain; and this, perhaps, is
the most obvious and serious objection which can be
urged against my theory. The explanation lies, as T
believe, in the extreme imperfection of the geological
record.

In the first place, it should always be borne in mind
what sort of intermediate forms must, on my theory,
have formerly existed. I have found it difficult, when
looking at any two species, to avoid picturing to myself,
forms directly intermediate between them. But this is
a wholly false view; we should always look for forms
intermediate between each species and a common but
unknoyn progenitor ; and the progenitor will 11
have differed in some respects from all its modified de-
scendants, To give a simple illustration: the fantail
and pouter pigeons have both descended from the rock-*
pigeon ; if we possessed all the intermediate varieties
which have ever existed, we should have an extremely
close series between both and the rock-pigeon ; but we
should have no varieties directly intermediate between
the fantail and pouter; none, for instance, combining &
tail 1 ded with a crop hat enlarged,
the characteristic features of these two breeds. These
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two breeds, moreover, have become so much modified,
that, if we had no historical or indirect evidence regard-
mg their ongm, it would not have been possible to have

ined, from a mere ison of their structure
with that of the rock-pigeon, C. livia, whether they had
descended from this species or from some other allied
species, such as C. oenas.

So with natural species, if we look to forms very
distinet, for instance to the horse and tapir, we have
10 reason to suppose that links ever existed directly
intermediate between them, but between each and an
unknown common parent. The common parent will
have had in its whole organisation much general re-
semblance to the tapir and to the horse; but in some
points of structure may have differed considerably from
both, even perhaps more than they differ from each
other. Hence, in all such cases, we should be unable to
recognise the parent-form of any two or more species,
even if we closely compared the structure of the parent
with that of its modified descendants, unless at the same
time we had a nearly perfect chain of the intermediate
links.

It is just possible by my theory, that one of two
living forms might have descended from the other ; for
instance, a horse from a tapir; and in this case dérect
intermediate links will have existed between them.
But such a case would imply that one form had re-
mained for a very long period unaltered, whilst its
descendants had undergone a vast amount of change;
and ‘the principle of competition between organism and
organism, between child and parent, will render this a
wery rare event ; for in all cases the new and improved
forms of life tend to supplant the old and unimproved
forms.

By the theory of natural selection all living species

@ The Complete Work of Charles Darwin Online



342 THE LAPSE OF TIME. Cuar, IX.

have been connected with the parent-species of each
genus, by differences not greater than we see between
the varioties of the same species at the present day ;
and these parent-species, now generally extinct, have in
their turn been similarly connected with more ancient
species; and so on backwards, always converging to
the common ancestor of each great class. So that the
number of intermediate and transitional links, between
all living and extinet species, must have been incon-
ceivably great. But assuredly, if this theory be true,
such have lived upon the earth.

On the Lapm of Tine, as inferved from e rate of
ion and extent of D

Independently of our not finding fossil remains of
such infinitely numerous connecting links, it may be
objected, that time will not have sufficed for so great
an amount of organic change, all changes having been
effected very slowly through natural selection. It is
hardly possible for me even to recall to the reader, who
may not be a practical geologist, the facts leading the
mind feebly to comprehend the lapse of time. He who
can read Sir Charles Lyell's grand work on the Prin-
ciples of Geology, which the future historian will recog-
nise as having produced a revolution in natural science,
yet does not admit how incomprehensibly vast have
been the past periods of time, may at once close this
volume. Not that it suffices to study the Principles
of Geology, or to read special treatises by different ob-
servers on separate formations, and to mark how each
author attempts to give an inadequate idea of the
duration of each formation or even each stratum. A
man must for years examine for himself great piles of
superimposed strata, and watch the sea at work grinding
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down old rocks and making fresh sediment, before he
can hope to comprehend anything of the lapse of time,
the monuments of which we see around us.

It is good to wander along lines of sea-coast, when
formed of moderately hard rocks, and mark the process
of degradation. The tides in most cases reach the cliffs
only for a short time twice a day, and the waves eat
into them only when they are charged with sand or

' pebbles; for there is good evidence that pure water
effects nothing in wearing away rock. At last the base
of the cliff is undermined, huge fragments fall down,
and these, remaining fixed, have to be worn away atom
by atom, until, reduced in size, they can be rolled about
by the waves, and then are more quickly ground into
pebbles; sand, or mud.  But how often do we see along
the bases of retreating cliffs rounded boulders, all
thickly clothed by marine productions, showing how
little they are abraded and how seldom they are rolled
about! Moreover, if we follow for a few miles any line
of rocky cliff, which is undergoing degradation, we find
that it is only here and there, along a short length or
round a promontory, that the cliffs are at the present
time suffering. The appearance of the surface and the
vegetation show that elsewhere years have elapsed since
the waters washed their base.

He who most closely studies the action of the sea on
our shores, will, I believe, be most deeply impressed
with the slowness with which rocky coasts are worn
away. The observations on this head by Hugh Miller,

~and by that excellent observer Mr. Smith of Jordan
Hill, are most impressive. With the mind thus im-
pressed, let any one examine beds of conglomerate many
thousand feet in thickness, which, though probably
formed at a quicker rate than many other deposits, yet,
from being formed of worn and rounded pebbles, each
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of which bears the stamp of time, are good to show
how slowly the mass has been accumulated. In the
Cordillera I esti d one pile of 1 at ten
thousand feet in thickness, Let the observer remember
Liyell's profound remark that the thickness and extent
of sedimentary formations are the result and measure
of the degradation which the earth’s crust has elsewhere
suffered. And what an amount of degradation is im-
phed by the sedimentary deposits of many countries !

iy has given me the maximum thickness,
in most cases from actual measurement, in a few cases
from estimate, of each formation in different parts of
Great Britain ; and this is the result :—

Feet
Palwozoic .u-.m (nal imluding ignmnl b«h) . BT15%

. 13190
Tunuryl!mul i S st S8

—making altogether 72,584 feet; that is, very nearly
thirteen and three-quarters British miles. Some of the.
formations, which are mpmnented in England by thin
beds, are thousands of feet in ﬂnckneu on the Con
tinent. M between each
we have, in the opinion of most geologists, enormously
long blank periods. So that the lofty pile of sediment-
ary rocks in Britain gives but an inadequate idea of the
time which has elapsed during their accumulation; yet
what time this must have eonmmedl Good observers
have estis d that sediment is deposited by the great
Mississippi river at the rate of only 600 feet in a hundred
thousand years. This estimate has no pretension to
strict exactness; ety considering over what wide spaces.
very fine sediment is transported by the currents of tho
sea, the process of lation over any one
area must be extremely slow.

But the amount of denudation which the strata have
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in many places suffered, independently of the rate of
accumulation of the degraded matter, probably offers
the best evidence of the lapse of time. I remember
having been much struck with the evidence of denuda-
tion, when viewing voleanic islands, which have been
worn by the waves and pared all round into perpen-
dieular cliffs of one or two thousand feet in height ;
for the gentle slope of the lava-streams, due to their
formerly liquid state, showed at a glance how far the
hard, rocky beds had once extended into the open ocean.
The same story is still more plainly told by faults,—
those great cracks along which the strata have been up-
heaved on one side, or thrown down on the other, to the
height or depth of thousands of feet ; for since the crust
cracked (it makes no great difference whether the up-
heaval was sudden, or, as most geologists now believe,
was very slow and effected by many starts), the surface
of the land has been so completely planed down by the
action of the sea that no trace of these vast dislocations
is externally visible.

The Craven fault, for instance, extends for upwards
of 30 miles, and along this line the vertical displace-
ment of the strata has varied from 600 to 3000 feet.
Prof. Ramsay has published an account of a downthrow
in Anglesea of 2300 feet; and he informs me that he
fully believes there is one in Merionethshire of 12,000
feet ; yet in these cases there is nothing on the surface
of the land to show such prodigious movements; the
pile of rocks on the oue or other side having been
smoothly swept away. The consideration of these facts
impresses the mind almost in the same manner as
does the vain endeavour to grapple with the idea of
eternity.

I have made these few remarks because it is highly
important for us to gain some notion, however imper-
Q3
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fect, of the lapse of time. During each year, over the
whole world, the land and the water have been peopled
by hosts of living forms. What an infinite number of
generations, which the mind cannot grasp, must have
succeeded each other in the long roll of years! Now
turn to our richest geological museums, and what a
paltry display we behold !

On the Poorness of our Palwontological Collections.

That our paleontological collections are very imper-
feet, is admitted by every one. The remark of that
admirable palwontologist, the late Edward Forbes,
should not be forgotten, namely, that numbers of our
fossil species are known and named from single and
often broken specimens, or from a few specimens col-
lected on some one spot. Only a small portion of the
surface of the earth has been geologically explored, and
no part with sufficient care, as the important discoveries
made every year in Europe prove. No organism wholly
soft can be preserved. Shells and bones will decay and
disappear when left on the bottom of the sea, where
sediment is not accumulating. I believe we are con-
tinually taking a most erroneous view, when we ts,ud)
admit to Ives that sediment is being dep
over nearly the whole bed of the sea, at a rate suffi-
ciently quick to embed and preserve fossil remains.
Throughout an enormously large proportion of the
ocean, the bright blue tint of the water bespeaks its
purity. The many cases on record of a formation con-
formably covered, after an enormous interval of time,
by another and later formation, without the underlying
bed having suffered in the interval any wear and tear,

seem explicable only on the view of the bottom. of -

the sea not rarely lying for ages in an unaltered con-
dition. The remains which do become embedded, if
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in sand or gravel, will when the beds are upraised
generally be dissolved by the percolation of rain-water
charged with carbonic acid. Some of the many kinds
of animals which live on the beach between high and
low water mark scem to be rarely preserved. For
instance, the several species of the Chthamaline (a
sub-family of sessile cirripedes) coat the rocks all over
the world in infinite numbers: they are all strictly lit-
toral, with the exception of a single Medi

species, which inhabits deep water, and has been found
fossil in Sicily, whereas not one other species has
hitherto been found in any tertiary formation: yet it is
now known that the genus Chthamalus existed during
the Chalk period.

With respect to the terrestrial productions which lived
during the Secondary and Palwozoic periods, it is super-
fluous to state that our evidence from fossil remains is
fragmentary in an extreme degree. For instance, not
a land shell is known belonging to either of these vast
periods, with the exception of one species discovered by
Sir C. Lyell and Dr. Dawson in the carboniferous strata
of North America, of which shell above a hundred
specimens have now been collected. In regard to
mammiferous remains, a single glance at the historical
table published in Lyell's Manual will bring home the
truth, how accidental and rare is their preservation, far
better than pages of detail. Nor is their rarity sur-
prising, when we remember how large a proportion of
the bones of tertisry mammals have been discovered
either in caves or in lacustrine deposits; and that not
@ cave or true lacustrine bed is known belonging to the
age of our secondary or palmozoic formations.

But the imperfection in the geological record largely
results from another and more important cause than
any of the foregoing; namely, from the several forma-
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tions being separated from each other by wide intervals
of time. This doctrine has been most emphatically
admitted by many geologists and palzontologists, who,
like E. Forbes, entirely disbelieve in the change of
species. When we see the formations tabulated in
written works, or when we follow them in nature, it is
difficult to avoid believing that they are closely con-
secutive. But we know, for instance, from Sir R.
Murchison’s great work on Russia, what wide gaps
there are in that country between the superimposed
formations; so it is in North America, and in many
other parts of the world. The most skilful geologist,
if his attention had been confined exclusively to these
Iarge territories, would never have suspected that, during
the periods which were blank and barren in his own
country, great piles of sediment, charged with new and
peculiar forms of life, had elsewhere been accumu-
lated. And if, in each separate territory, hardly any
idea can be formed of the length of time which has
elapsed between the consecutive formations, we may infer
that this could nowhere be ascertained. The frequent
and great changes in the mineralogical composition of
consecutive formations, generally implying great changes
in the geography of the surrounding lands, whence the
sediment has been derived, accords with the belief of
vast intervals of time having elapsed between each
formation.

But we can, I think, see why the geological forma-
tions of each region are almost inv auably inter-
mittent ; that is, have not followed each other in close
sequence. Scarcely any fact struck me more when
examining many hundred miles of the South American
coasts, which have been upraised several hundred feet
within the recent period, than the absence of any recent
deposits sufficiently extensive to last for even a short
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geological period. Along the whole west coast, which
is inhabited by a peculiar marine fauna, tertiary beds
are so poorly developed, that no record of several suc-
cessive and peculiar marine faunas will probably be
preserved to a distant age. A little reflection will ex-
plain why, along the rising coast of the western side of
South Americn, no extensive formations with recent or
tertiary remains can anywhere be found, though the
mpply of sed.lme'nt must for ages have been great, from

dation of the t-rocks and from
mnddy streams entering the sea. The explanation, no
doubt, is, that the littoral and sub-littoral deposits are
continually worn away, as soon as they are brought up
by the slow and gradual rising of the land within the
grinding action of the coast-waves.

‘We may, I think, safely conclude that sediment must
be accumulated in extremely thick, solid, or extensive
masses, in order to withstand the incessant action of
the waves, when first upraised and during subsequent
oscillations of level. Such thick and extensive accumu-
lations of sediment may be formed in two ways; either
in profound depths of the sea, in which case, judging
from the researches of E. Forbes, we may conclude that
the bottom will be inhabited by few animals, but it will
1ot be, as we now know from telegraphic and other deep

di barren of life ; quently the mass when
upraised will give a most imperfect record of the forms
of life which existed during the period of deposition.  Or,
sediment may be accumulated to any thickness and
extent over a shallow bottom, if it continue slowly to
subside. In this latter case, as long as the rate of sub-
sidence and supply of sediment nearly balance each
other, the sea will remain shallow and favourable for

life, and thus a rich fossiliferous formation, thick enough,
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when upraised, to resist almost any amount of degrada-
tion, may be formed.

I am convinced that nearly all our ancient formations,
which are throughout the greater part of their thickness
wich in fossils, have thus been formed during subsidence.
Since publishing my views on this subject in 1845, T
have watched the progress of Geology, and have been
surprised to note how author after author, in. treating
of this or that great formation, has come to the con-
clusion that it was accumulated during subsidence. I
may add, that the only ancient tertiary formation on
the west coast of South America, which has been bulky
enough to resist such degradation as it has as yet suf- -
fered, but which will hardly last to a distant geological
age, was certainly deposited during a downward oscilla-
tion of level, and thus gained considerable thickness.

All geologxud facts tell us plainly that each area

slow oscillations of level, and
nppmntly these oscillations have affected wide spaces.
(mnn:qnmﬂy formatious rich in fossils and mﬁclenﬂy
thick and to resist sub
may have been formed over wide lpwe- during periods
of subsidence, but only where the supply of sediment
was sufficient to keep the sea shallow and to embed and
preserve the remains before they had time to decay.
Ondwatharhmd,ulangnthebedofthemre-
mained stationary, thick deposits could not have been
accumulated in the shallow parts, which are the most
favourable to life. Still less could this have happened
during the alternate periods of elevation ; or, to speak
more accurately, the beds which were then accumulated
will generally have been destroyed by being upraised
and brought within the limits of the coast-action.
"These remarks apply chiefly to littoral and sub-littoral
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deposits. In the case of an extensive and shallow sea,
such as that within a large part of the Malay Archi-
pelago, where the depth varies from 80 or 40 to 60
fathoms, a widely extended formation might be formed
during a period of elevation, and yet not suffer exces-
sively from denudation during its slow upheaval; but
the thickness of the formation could not be great, for
owing to the elevatory movement it would be less than
the depth in which it wasformed ; nor would the deposit
be much consolidated, nor be capped by overlying forma-
tions, so that it would run a good chance of being worn
away by atmospheric degradation and by the action of
the sea during subsequent oscillations of level. It has,
however, been suggested by Mr. Hopkins, that if one
part of the area, after rising and before being denuded,
subsided, the deposit formed during the rising movement,
thcugh not tlnck might afterwards become protected
by fresh and thus be p d for a
long period.
Mr. Hopkins also expresses his belief that sedi
beds of cousldemlvle honzantal cxtent luve nmly been
Butall
fow who beheve that our present mehmmphw u:lnm
and plutonic rocks once formed the primordial nucleus of
the globe, will probably admit that rocks of this nature
must have been denuded on an enormous scale. For
it is scarcely possible that these rocks could have been
solidified and crystallized whilst uncovered ; but if the
metamorphic action ocewrred at profound depths of the
ocean, the former protecting mantle may not have been
_ very thick. Admitting then that such rocks as gneiss,
mica-schist, granite, diorite, &c., were once necessarily
covered up, how can we account for the naked and ex-
tensive areas of such rocks in many parts of the world,
except on the belief that they have subsequently been
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completely denuded of all overlying strata ? That such
extensive areas do exist cannot be doubted : the granitic
region of Parime is described by Humboldt as being at
least nineteen times as large as Switzerland. South of
the Amazon, Boué colours an area composed of rocks of
this nature as equal to that of Spain, France, Italy, part
of Gemany, and the British Islands, all conjoined. This
region has not -bosn eareﬁllly explored, but from the

11, the gnmm area
must be very large: ﬂuu, Von Eschwege gives a de-
tailed section of these rocks, stretching from Rio de
Janeiro for 260 geographical miles inland in a straight
line; and I travelled for 150 miles in another direction
and saw nothing but granitic rocks. Numerous speci-
mens, collected along the whole coast from near Rio
Janeiro to the mouth of the Plata, a distance of 1100
geographical miles, were examined by me, and they all
belonged to this class. Inland, along the whole northern
bank of the Plata I saw, besides modern tertiary beds,
only one small patch of slightly metamorphosed rock,
which alone could have formed a part of the original
capping of the granitic series. Turning toa well-known
region, namely, to the United States and Canada, as
shown in Professor I. D. Rogers’s beautiful map, T have
estimated the areas by cutting out and weighing the
paper, and I find that the metamorphic (excluding * the
semi-metamorphic ”) and granitic rocks exceed, in the
proportion of 19 to 125, the whole of the newer Palwo-
zoic formations. In many regions the metamorphic
and granitic rocks would be seen to be much more
widely extended, if all the sedimentary beds were re-
moved which rest unconformably on them, and which
could not have formed part of the original mantle under
which they were crystallized. Hence it is probable that
in some parts of the world whole formations, marking
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at least sub-stages in the several successive geological
epochs, have been completely denuded, with not a wreck
left behind.

One remark is here worth a passing notice. During
periods of elevation the area of the land and of the
adjoining shoal parts of the sea will be increased, and
new numons will oﬂen be formed;—all circumstances

as lained, for the

of new varieties and upemes but during such periods
. there will generally be a blank in the geological record.
_ On the other hand, during subsidence, the inhabited

area and number of inhabitants will decrease (excepting

on the sllores of a conhnant when ﬂnt bmken up into

el T

thongh there will be much exhnounn, few new varieties

or species will be formed ; and it is during these very

periods of subsidence, that our great deposits rich in

~ fossils have been accumulated.

- On the Absence of Numerous Intermediate Varieties in
any one Single Formation.

From these several considerations, it cannot be doubted
that the geological record, viewed as a whole, is extremely
imperfect; but if we confine our attention to any one
formation, it becomes much more difficult to understand,
why we do not therein find closely graduated varieties
between the allied species which lived at its commence-
ment and at its close. Several cases are on record of
the same species presenting distinct varieties in the
upper and lower parts of the same formation, but, as they
are not common, they may be here passed over. Although

each formation has indisputably required a vast number
of years for its deposition, I can see several reasons why
each shonld not- include a graduated series of links
between the species which lived at its commencement
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and close ; but I cannot assign due proportional weight
to the following considerations.

Although each formation may mark a very long lapse
of years, each probably is short compared with the
period requisite to change one species into another. I
am aware that two palmontologists, whose opinions are
worthy of much deference, namely Bronn and Wood-
ward, have concluded that the average duration of each
formation is twice ov thrice as long as the average
duration of specific forms. But insuperable difficulties,
as it seems to me, prevent us from coming to any just
conclusion on this head. When we sece a species first
appearing in the middle of any formation, it would be
rash in the extreme to infer that it had not elsewhere
previously existed. So again when we find a species
disappearing before the last layers have been deposited,
it would be equally rash to suppose that it then became
extinet.  We forget how small the area of Europe is
compared with the rest of the world; nor have the
several stages of the same formation throughout Europe
been correlated with perfect aceuracy.

With marine animals of all kinds, we may safely
infer a large amount of migration during climatal -
and other changes; and when we seo & species first

ing in any the probability is that it
only then first immigrated into that area. It is well
known, for instance, that several species appeared some-
what earlier in the palmozoic beds of North America
than in those of Europe ; time having apparently been
required for their migration from the American to the
European seas. In examining the latest deposits in
various quarters of the world, it has everywhere been
noted, that some few still existing species are common
in the deposit, but have become extinct in the immedi~
ately surrounding sea; or, conversely, that some are
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now abundant in the neighbouring sea, but are rare or
absent in this particular deposit. It is an excellent
lesson to reflect on the ascertained amount of migration
of the inhabitants of Europe during the glacial period,
which forms only a part of one whole geological period ;
and likewise to reflect on the great changes of level,
on the inordinately great change of climate, on the
prodigious lapse of time, all included within this same
glacial period. Yet it may be doubted whether, in any
quarter of the world, sedimentary deposits, including
Jossil remains, have gone on accumulating within the
same area during the whole of this period. It is not,
for instance, probable that sediment was deposited
during the whole of the glacial period near the mouth
of the Mississippi, within that limit of depth at which
marine animals can flourish; for we know what vast
geographical changes occurred in other parts of America
during this space of time. When such beds as were
deposited in shallow water near the month of the Mis-
sissippi during some part of the glacial period shall have
been upraised, organic remains will probably first appear
and disappear at different levels, owing to the migration
of species and to geographieal changes. And in the
distant future, a geologist, examining these beds, would
be tempted to conclude that the average duration of life
of the embedded fossils had been less than that of the
glacial period, instead of having been really far greater,
that is, extending from before the glacial epoch to the
present day.

1In order to get a perfect gradation between two forms

in the upper and lower parts of the same formation, the

~ deposit will have to go on continuously accumulating
during a very long period, so that there may be time suf-
ficient for the slow process of variation; hence the deposit
will have to be a very thick one; and the species under-
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going modification will have to live in the same district
throughout this whole time. But we have seen that a
thick ion, fossiliferous throughout its thick

can accumulate only during a period of subsidence; and
to keep the depth approximately the same, which is
necessary that the same marine species may live on the
same space, the supply of sediment must nearly coun-
terbalance the amount of subsidence. But this same
movement of subsidence will often tend to submerge
the area whence: the sediment is derived, and thus
diminish the supply whilst the downward movement
continues. In fact, this nearly exact balancing between
the supply of sediment and the amount of subsidence
is probably a rare contingency; for it has been observed
by more than one palmontologist, that very thick de-
posits are usually barren of organic remains, except
near their upper or lower limits.

It would seem that each separate formation, like the
whole pile of formations in any country, has generally
been intermittent in its accumulation. When we see,
as is so often the case, a formation composed of beds
of different mineralogical composition, we may reason-
ably suspect that the process of deposition has been
much interrupted, as a change in the currents of the
sea and a supply of sediment of a different nature will
generally have been due to geographical changes re-
quiring much time. Nor will the closest inspection of
a formation give any idea of the time which its depo-
sition has consumed. Mnny instances could be given
of beds only 8 fow feet in thickness, representing for-
matic ! ds of feet in thick and
which must have required an enormous period for their
accumulation ; yet no one ignorant of this fact would
have suspected the vast lapse of time represented by
the thinner formation. Many cases could be given of
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the lower beds of a formation having been upraised,
“denuded, submerged, and then re-covered by the upper
~ beds of the same formation,—facts, showing what wide,
yet easily overlooked, intervals have oceurred in its accu-
mulation. In other cases we have the plainest evidence
in great fossilised trees, still standing upright as they
grew, of many long intervals of time and changes of
level during the process of deposition, which would
never even have been suspected, had not the trees
chanced to have been preserved: thus Sir C. Lyell and
Dr. Dawson found carboniferous beds 1400 feet thick
in Nova Scotia, with ancient root-bearing strata, one
above the other, at no less than sixty-eight different
levels. Hence, when the same species occur at the
bottom, middle, and top of a formation, the probability
is that they have not lived on the same spot during the
whole period of deposition, but have disappeared and
reappeared, perhaps many times, during the same geo-
logical period.  So that, if such species were to undergo
a _considerable amount of modification during any one
geological period, a section would not probably include
all the fine intermediate gradations which must on my
theory have existed between them, but abrupt, though
perhaps slight, changes of form.

It is all-imp to ber that lists have
no golden rule by which to distinguish species and
varieties; they grant some little variability to each
species, but when they meet with a somewhat greater
amount of difference between any two forms, they rank
both as species, unless they are enabléd to connect them
together by the closest intermediate gradations. And
this from the reasons just assigned we can seldom hope
to effect in any one geological section. Supposing B
and C to be two species, and a third, A, to be found in
an underlying and older bed; even if A were strictly
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intermediate between B and C, it would simply be
ranked as a third and distinet species, unless at the same
time it could be most closely connected with either
one or both forms by intermediate varieties. Nor
should it be forgotten, as before explained, that A might
be the actual progenitor of B and €, and yet might not
necessarily be strictly intermediate between them in all
respects. So that we might obtain the parent-species
and its several modified descendants from the lower
and upper beds of a formation, and unless we obtained
numerous transitional gradations, we should not rocog-

nise their blood-relationship, and should
be (-ompelled to rank them all as dmmm species.
It is on what ively slight dif

many paleontologists have founded “their species; and
they do this the more readily if the specimens come
from different sub-stages of the same formation. Some
experienced conchologists are now sinking many of the
very fine species of D'Orbigny and others into the rank
of varieties ; and on this view we do find the kind of
evidence of change which on my theory we ought to
find. Look again at the later tertiary deposits, which
include many shells believed by the majority of natu-
ralists to be identical with existing species; but some
excellent naturalists, as Agassiz and Pictet, maintain
that all these tertiary species are specifically distinet,
though the distinction is admitted to be very slight;
so that here, unless we believe that these eminent natu~
ralists have been misled by their imaginations, and that
these late tertiary species really present no difference
whatever from their living representatives, or unless we
believe that the great majority of naturalists are wrong
and that the tertiary species are all truly distinet from
the recent, we have evidence of frequent occurrence of
slight modifications of the kind required. If we look to-
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rather wider intervals of time, namely, to distinet but

consecutive stages of the same great formation, we find

that the embedded fossils, though almost universally

ranked as specifically different, yet are far more closely

related to each other than are the species found in more

widely separated formations; so that here again we

have undoubted evidence of change, though not strictly
- of variation, in the direction required by my theory ;
but to this latter subject I shall have to return in the
following chapter.

With animals and plants that propagate rapidly and
do not wander much, there is reason to suspect, as we
have formerly seen, that their varieties are generally at
first local ; and that such local varieties do not spread
widely and supplant their parent-forms until they have
been modified and perfected in some considerable degree.
According to this view, the chance of discovering in a
formation in any one country all the early stages of
transition between any two such forms, is small, for the
successive changes are supposed to have been local or
confined to some one spot. Most marine animals have
a wide range; and we have seen that with plants it is
those which have the widest range, that oftenest present
varieties ; so that, with shells and other marine
it is highly probable that those which have had the
widest range, far exceeding the limits of the known geo-
logical formations of Europe, have oftenest given rise,
first to local varieties and ultimately to new species ;
and this again would greatly lessen the chance of our
being able to trace the stages of transition in any one
geological formation.

It is a more important consideration, clearly leading
o the same result, as lately insisted on by Dr. Falconer,
I ly, that the periods during which species have
undergoing modification, though very long as
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measured by years, have probably been short in com-
parison with the periods during which these same species
remained without undergoing any change. We may
infer that this has been the case, from there being
10 inherent tendency in organic beings to become modi-
ﬁed or to progress in structure, and from all modifiea-
tions ding, firstly on long. d variability,
and secondly on changeﬂ in the physical conditions of
life, or on changes in the habits and structure of com-
peting species, or on the immigration of new forms;
and such contingencies will supervene in most cases
only after long intervals of time and at a slow rate.
These changes, moreover, in the organic and inorganic
conditions of life will affect only a limited number of
the inhabitants of any one area or country.
Tt should not be forgotten, that at the present day,
with perfect specimens for examination, two forms can
seldom be connected by intermediate varieties, and thus
proved to be the same species, until many specimens
have been collected from many places; and in the case
of fossil species this could rarely be effected by palme-
ontologists. We shall, perhaps, best perceive the im-
probability of our being enabled to connect species by
numerous fine, intermediate fossil links, by asking our-
selves whether, for instance, geologists at some future
period will be able to prove that our different breeds
of cattle, sheep, horses, and dogs have descended from
a single stock or from several aboriginal stocks; or,
again, whether certain sea-shells inhabiting the shores of
North America, which are ranked by some conchologists
as distinet species from their European representatives,
and by other conchologists as only varieties, are
varieties, or are, as it is called, specifically distinet.
This could be effected only by the future geologist
discovering in a fossil state numerous intermediate gra-
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dations ; and such success is improbable in the highest

legree.

It has been asserted over and over again, by writers
who believe in the immutability of species, that geology
yields no linking forms. This assertion is entirely
erroneous.  As Sir J. Lubbock has remarked, “ Every
species is a link between other allied forms” We
clearly sce this if we take a genus having a score
of recent and extinet species and destroy four-fifths of
them; for in this case no one doubts that the re-
mainder will stand much more distinet from each other.
If the extreme forms in the genus happen to have been
thus destroyed, the genus itself in most cases will stand
more distinet from other allied genera. The camel and
the pig, or the horse and the tapir, are now obviously
very distinet forms; but if we add the several fossil
quadruapeds which have already been discovered to the
families including the camel and pig, these forms be-
come joined by links not extremely wide apart. The
chain of linking forms does not, however, in these cases,
or in any case, ran straight from the one living form
to the other, but takes a circuitous sweep through the
forms which lived during long-past ages. What geo-
logical research has not revealed is the former existence
of infinitely numerous gradations, as fine as existing
varieties, connecting all known species. And this not
having been effected by geology is the most obvious
of the many objections which may be urged against my
views.

Hence it will be worth while to sum up the fore-
going remarks on the causes of the imperfection of the
geological record under an imaginary illustration. The
Malay Archipelago is about the size of Europe from the
North Cape to the Mediterranean, and from Britain to
Russia; and therefore equals all the geological forma-

R
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tions which have been examined with any accuracy,
excepting those of the United States of America. 1
fully agree with Mr. Godwin-Austen, that the present
condition of the Malay Archipelago, with its numerous
large islands separated by wide and shallow seas, pro-
bably represents the former state of Europe, whilst
most of our formations were accumulating. The Malay
Archipelago is one of the richest regions of the whole
world in organic beings; yet if all the species were to
be collected which have ever lived there, how imper-
fectly would they represent the natural history of the
world !
But we have every reason to believe that the terres-
productions of the archipelago would be p d
in an 1 manner in the
which we suppose to be there accumulating. I suspect
that not many of the strictly littoral animals, or of those
which lived on naked submarine rocks, would be em-
bedded ; and those embedded in gravel or sand would
not endure to a distant epoch. Wherever sediment did
not accumulate on the bed of the sea, or where it did
not accumulate at a sufficient rate to protect organie
bodies from decay, no remains could be preserved.
Formations rich in fossils, and of thickness sufficient
o last to an age as distant in futurity as the secondary
formations lie in the past, would generally be formed
in the archipelago only during periods of subsidence.
These periods of subsidence would be separated from:
each other by enormons intervals of time, d\mng which
the area would be either stationary or rising; whilst
rising, the fossiliferous formations on the steeper
would be destroyed, almost as soon as accumulated,
the incessant coast-action, as we now see on the sl
of South America; even throughout the extensive
shallow seas within the archipelago sedimentary
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could not, during the periods of elevation, be aceumu-
lated of great thickness, or become capped and pro-
tected by subsequent deposits, 50 as to have a good
chance of enduring to an extremely distant future.
During the periods of subsidence, there would probably
be much extinction of life; during the periods of eleva-
tion, there would be much variation, but the geological
record would then be least perfect.

It may be doubted whether the duration of any one
great period of subsidence over the whole or part of the
archipelago, together with a contemporaneous accumu-
lation of sediment, would exceed the average duration
of the same specific forms; and these contingencies are
indispensable for the preservation of all the transitional
gradations between any two or more species. If such
gradations were not all fully preserved, transitional
varietics would merely appear s so many distinet
species. Tt is also probable that each great period of

bsidence would be interrupted by oscillations of level,
and that slight climatal changes would intervene daring
such lengthy periods; and in these cases the inhabit-
ants of the archipelago would migrate, and no closely
consecutive record of their modifications could be pre-
served in any one formation.

Very many of the marine inhabitants of the archipe-
lago now range thousands of miles beyond its confines ;
~and analogy plainly leads to the belief that it would be
chiefly these far-ranging species, though only some of
them, which would oftenest produce new varicties ; and

varieties would at first generally be local or con-
fined to one place, but if possessed of any decided
advantage, or when further modified and improved,
would slowly spread and supplant their parent-

When such varieties returned to their ancient
, as they would differ from their former state, in

R 2
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a nearly uniform, though perhaps extremely slight de-
gree, and as they would be found embedded in slightly
different sub-stages of the same formation, they would,
according to the principles followed by many palwonto-
logists, be ranked as new and distinct species.

If then there be some degree of truth in these
remarks, we have no right to expect to find, in our
geological formations, an infinite number of those fine
transitional forms which, on my theory, have connected
all the past and present species of the same group into
one long and branching chain of life. 'We ought only
to look for a few links, and such assuredly we do find
—some more distantly, some more closely, related to
each other; and these links, let them be ever so close,
if found in different stages of the same formation, would,
by many palmontologists, be ranked as distinct species.
But T do not pretend that I should ever have suspected
how poor a record of the mutations of life the best
preserved geologlcnl seomm wonld present, had not \‘.he
difficulty of ournot d
links between the species which appeared at the come
mencement and close of each formation, pressed so
hardly on my theory.

On the sudden Appearance of whole Groups of allied
Species.

The abrupt manner in which whole groups of species
suddenly appear in certain formations, has been urged
by several palmontologists—for instance, by Agassiz,
Pictet, and Sedgwick—as a fatal objection to the beli
in the transmutation of species. If numerous species,
belonging to the same genera or families, have y
started into life at once, the fact would be fatal
the theory of descent with slow modification
natural selection. For the development of a
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of forms, all of which have descended from some one
progenitor, must have been an extremely slow process;
and the progenitors must have lived long ages before
their modified descendants. But we continually over-
rate the perfection of the geological record, and falsely
infer, because certain genera or families have not been
found beneath a certain stage, that they did not exist
before that stage. In all cases positive palmontological
evidence may be implicitly trusted ; negative evidence
is worthless, as experience has so often shown. We
continually forget how large the world is, compared with
the area over which our geological formations have been
carefully examined; we forget that groups of species
may elsewhere have long existed, and have slowly mul-
tiplied, before they invaded the ancient archi

of Burope and the United States. We do not make
due allowance for the enormous intervals of time which
have elapsed between our consecutive formations,—
longer perhaps in many cases than the time required
for the accumulation of each formation. These in-
tervals will have given time for the multiplication of
species from some one or some few parent-forms; and
in the succeeding formation such groups of species will
appear as if suddenly created.

I may here recall a remark formerly made, namely,
that it might require a long succession of ages to adapt
an organism to some new and peculiar line of life, for
instance, to fly through the air; and consequently that
the transitional forms would often long remain confined
to some one region; but that, when this adaptation had
once been effected, and a few species lud thus ncqmred
 great ad over other
time would be necessary

ly throughout the world. Professor Pictet, in his
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excellent Review of this work, in commenting on early
transitional forms, and taking birds as an illustration,
cannot see how the successive modifications of the an-
terior limbs of a supposed prototype could possibly have
been of any advantage. But look at the penguins of
the Southern Ocean; have not these birds their front
limbs in this precise intermediate state of “neither true
arms nor true wings”? Yet these birds hold their
place victoriously in the battle for life; for they exist
in infinite numbers and of many kinds. I do not sup-
pose that we here see the real transitional grades
through which the wings of birds have passed; but
what special difficulty is there in believing that it might
profit the modified descendants of the penguin, first to
become enabled to flap along the surface of the sea like
the logger-headed duck, and ultimately to rise from its
surface and glide through the air?

I will now give a fow examples to illustrate the
foregoing remarks, and to show how liable we are to
error in supposing that whole groups of species have
suddenly been produced. Even in so short an interval
as that between the first and second editions of Pictet’s
great work on Palwontology, published in 1844-46 and
in 1858-57, the conclusions on the first appearance and
disappearance of several groups of animals have been
considerably modified ; and a third edition would require.
still further changes. I may reeall the well-known fact
that in geological treatises, published not many years
ago, the whole class of mammals was always spoken
of as having ubmpﬂy come in at the commencement of
the tertiary series. And now one of the richest known

of fossil !

longs to the middle of the secondary series; and true.
mammals have been discovered in the new red sand-
stone at nearly the commencement of this great series.
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Cuvier used to urge that no monkey occurred in any
tertiary stratum; but now extinct species have been
discovered in India, South America, and in Europe, as
far back as the miocene stage. Had it not been for the
rare accident of the preservation of footsteps in the new
red sandstone of the United States, who would have
ventured to suppose that, besides reptiles, no less than
at least thirty kinds of birds, some of gigantic size,
existed during that period ? Not a fragment of bone
has been discovered in these beds. Notwithstanding
that the number of joints shown in the fossil impressions
corresponds with the number in the several toes of living
birds’ feet, some anthors doubt whether the animals
which left these impressions were really birds. Until
quite recently these authors might have maintained,
and some have maintained, that the whole class of
birds came suddenly iuto existence during the eocene
period ; but now we know, on the authority of Professor
Owen, that a bird certainly lived during the deposition
of the upper greensand; and still more recently, that
strange bird, the Archeopteryx, with a long lizard-like
tail, bearing a pair of feathers on each joint, and with its
wings furnished with two free claws, has been discovered
in the oolitic slates of Solenhofen. Hardly any recent
discovery shows more foreibly than this how little we as
yet know of the former inhabitants of the world.
I may give another instance, which, from having
~ passed under my own eyes, has much struck me. In
a memoir on Fossil Sessile Cirripedes, T have stated
that, from the number of existing and extinct tertiary
species ; from the extraordinary abundance of the indi-
viduals of many species all over the world, from the
Arctic regions to the equator, inhabiting various zones
of depths from the upper tidal limits to 50 fathoms ;
from the perfect manner in which specimens are pre-

@ The Complete Work of Charles Darwin QOnline



308 SUDDEN APPEARANCE OF Crap. IX.

served in the oldest tertiary beds; from the ease with
which even a fragment of a valve can be recognised ;
from all these circumstances, I inferred that, had sessile
cirripedes existed during the secondary periods, they
would certainly have been preserved and discovered ;
and as not one species had then been discovered in beds
of this age, I concluded that this great group had been
suddenly developed at the commencement of the ter-
tiary series. This was a sore trouble to me, adding as
1 thought one more instance of the abrupt appearance
of a great group of species. But _my work had hardly

m published, when a skilful logist, M. Bos-
quet, sent mo a drawing of a perfect specimen of an
unmistakeable sessile cirripede, which he had himself
extracted from the chalk of Belgium. And, as if to
make the case as striking as possible, this sessile cirri-
pede was a Chthamalus, a very common, large, and
ubiquitous genus, of which not one specimen has as yet
been found even in any tertiary stratum. Hence we
now positively know that sessile cirripedes existed during
the secondary period ; and these cirripedes might have
been the progenitors of our many tertiary and existing
species.

The case most frequently insisted on by palwonto~
logists of the apparently sudden appearance of a whole
group of species, is that of the teleostean fishes, low
down in the Chalk period. This group includes the
large majority of existing species. Lately, Professor
Pictet has carried their existence one sub-stage further
back ; and some palmontologists believe that certain
much older fishes, of which the affinities are as yet
imperfectly known, are really teleostean. Assuming,
however, ﬂme the whole of them did appear, as Agassiz

of the chalk ion,
the fact would certamly be highly remarkable ; but T

BT he Crimihats Wistl b st c I st




Cuar, IX. GROUPS OF ALLIED SPECIES, 369

cannot see that it would be an insuperable difficulty
on my theory, unless it could likewise be shown that
the species of this group appeared suddenly and simul-
taneously throughout the world at this same period.
It is almost superfluous to remark that hardly any
fossilfish are known from south of the equator; and
by running through Pictet’s Paleontology it will be
seen that very few species are known from several
formations in Europe. Some few families of fish now
have a confined range; the teleostean fish might for-
merly have had a similarly confined range, and after
having been largely developed in some one sea, might
have spread widely. Nor have we any right to sup-
pose that the seas of the world have always been so
freely open from south to north as they are at present.
Even at this day, if the Malay Archipelago were con-
verted into land, the tropical parts of the Indian Ocean
would form a large and perfectly enclosed basin, in
which any great group of marine animals might be
multiplied ; and here they would remain confined, until
some of the species became adapted to a cooler climate,
and were enabled to double the southern capes of Africa
or Australia, and thus reach other and distant seas.

From these and similar considerations, but chiefly
from our ignorance of the geology of other countries
beyond the confines of Europe and the United States;
and from the revolution in our palmontological ideas
on many points, which the discoveries of even the last
dozen years have effected, it seems to me to be about
as rash in us to dogmatize on the succession of organic
beings throughout the world, as it would be for a natu-
ralist to land for five minutes on some one barren point
in Australia, and then to discuss the number and range
of its productions.

R 3
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On the sudden Appearance of Groups of allied Species
in the lowest Jenown Fossiliferous Strata.

There is another and allied Mculty, which is much
more serious. I allude to the manner in which numbers
of species of the same group suddenly appear in the
lowest known fossiliferous rocks. Most of the arguments
which have convinced me that all the existing species
of the same group have descended from one progenitor,
apply with nearly equal force to the earliest known
species. For instance, I cannot doubt that all the Si-
lurian trilobites have descended from some one crus-
tacean, which must have lived long before the Silurian
age, and which probably differed greatly from any
known animal. Some of the most ancient Silurian
animals, as the Nautilus, Lingula, &c., do not differ
much from living species ; and it cannot on my theory
be supposed, that these old species were the progenitors
of all the species belonging to the same group which
l:ave subsequanﬂy nppeamd fm' t.hey do not present

in any degree i between them.

Consequently, if my theory be true, it is indisputable
that, before the lowest Silurian stratum was deposited,
long periods elapsed, as long as, or probably far ]tmger
than, the whole interval from the Silurian age to the
present day; and that during these vast, yet quite
unknown, periods of time, the world swarmed with
living creatures.

To the question why we do not find richly fossiliferous
records of these vast primordial periods, I can give no
satisfactory answer. Several eminent geologists, with
Sir R. Murchison at their head, were until recently
convinced that we beheld in the organic remains of the
lowest Silurian stratum the first dawn of life on this
planet. Other highly competent judges, as Lyell and
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the Jate E. Forbes, disputed this conelusion. We should
not forget that only a small portion of the world is
known with accuracy. M. Barrande not long ago added
another and lower stage to the Silurian system, abound-
ing with new and peculiar species. Remnants of seyeral
forms have' been detected in the Longmynd beds, be-
neath Barrande’s so-called primordial zone, The pre-
sence also of phosphatic nodules and bituminous matter
in some of the lowest azoie rocks, probably indicates
the former existence of life at these periods. But now
within the lust year the great discovery of the Fozoon
in the Laurentian formation of Canada has been made ;
and after reading Dr. Carpenter’s description of this
kable fossil, it is i ible to feel any doubt
regarding its organic nature. There are three great
series of strata beneath the Silurian system in Canada,
in the lowest of which the Eozoon was found; and Sir
W. Logan states that their “ united thickness may pos-
sibly far surpass that of all the succeeding rocks, from
the base of the palmozoic series to the present time.
We are thus carried back to a period so far remote,
that the appearance of the so-called Primordial fauna
(of Barrande) may by some be considered a compara-
tively modern event.” The Eozoon belongs to the most
lowly organised of all classes of animals, but for its class
is highly organised; it existed in countless numbers,
and, as Dr. Dawson has remarked, certainly preyed on
other minute organic beings, which must have lived in
great numbers, There is also reason to believe that
at this enormously remote period plants of some kind
isted. Thus the words above given, which I wrote
in 1850, and which are almost the same with those
used by Sir W. Logan, have come true. Notwi i
these several facts, the difficulty of assigning any good
cause for the absence beneath the Silurian formations of
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vast piles of strata rich in fossils is very great. If the
most ancient beds had been generally worn away by
denudation, or if their fossils had been wholly obliterated
by metamorphic action, we ought to have found only
small of the f next g them
in age, and these onght to have existed almost nlwaya
in a metamorphosed condition. But the descriptions
which we now possess of the Silurian deposits over im-
mense territories in Russia and in North America, do
not support the view, that the older a formation is, the
more it has always suffered the extremity of denudation
and metamorphism.

The case at present must remain inexplicable; and
may be truly urged as a valid argument against the
views here entertained. To show that it may hereafter
receive some explanation, I will give the following
hypothesis. From the nature of the organic remains
which do not appear to have inhabited profound depths,
in the several formations of Europe and of the United
States; and from the amount of sediment, miles in
thickness, of which the formations are composed, we
may infer that from first to last large islands or tracts
of land, whence lhe sediment was derived, occurred in
the d of the existing i of Burope
and North America. But we do not know what was
the state of things in the intervals between the several
successive formations ; whether Europe and the United
States during these intervals existed as dry land, or as
a submarine surface near land, on which sediment was
not deposited, or as the bed of an open and unfathom-
able sea.

Looking to the existing oceans, which are thrice as
extensive as the land, we see them studded with many
islands ; but not one truly oceanic island (with the ex-
ception of New Zealand, if this can be called a truly
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oceanic island) is as yet known to afford even a remnant
of any palwozoic or secondary formation. Hence we
may perhaps infer, that during the paleozoic and
secondary periods, neither continents nor continental
islands existed where our oceans now extend ; for had
they existed there, palmozoic and secondary formations
would in all probability have been lated from
sediment derived from their wear and tear; and would
have been at least partially upheaved by the oscillations
of level, which we may fairly conclude must have inter-
vened during these enormously long periods. If then
we may infer anything from these facts, we may infer
that, where our oceans now extend, oceans have ex-
tended from the remotest period of which we have any
record; and on the other hand, that where continents
now exist, large tracts of land have existed, subjected
no doubt to great oscillations of leyel, since the earliest
Silurian period. The coloured map appended to my
volume on Coral Reefs, led me to conclude that the
great oceans are still mainly areas of subsidence, the
great archipelagoes still areas of oscillations of level,
and the continents areas of elevation. But we have no
reason to assume that things have thus existed from
the beginning of the world. Our continents scem to
have been formed by a preponderance, during many
oscillations of level, of the force of elevation; but may
not the areas of preponderant movement have changed
in the lapse of ages? At a period immeasurably
antecedent to the Silurian epoch, continents may have
existed where oceans are now spread out; and clear
and open oceans may have existed where our continents
now stand. Nor should we be justified in assuming that
if, for instance, the bed of the Pacific Ocean were now
converted into a continent, we should there find sedi-
mentary ions in a isabl dition older
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than the Silurian strata, supposing such to have been
formerly deposited ; for it might well happen that strata
which had subsided some miles nearer to the centre of
the earth, and which had been pressed on by an enormons
weight of superincumbent water, might have undergone
far more metamorphic action than strata which have
always remained nearer to the surface. The immense
areas in some parts of the world, for instance in South
America, of naked metamorphie rocks, which must have
been heated under great pressure, have always seemed
to me to require some special explanation; and we
may perhaps believe that we see in these large areas,
the many formations long anterior to the Silurian epoch
in a completely me'm.uorphosed but likewise denuded
condition.

The several difficulties here discussed, namely—that,
though we find in our geological formations many links
between the species which now exist and have existed,
we do not find infinitely numerous fine transitional
forms closely joining them all together ;—the sudden
manner in which several whole groups of species first
appeared in our European formations;—the almost
entire absence, as at present known, of formations rich
in fossils beneath the Silurian strata,—are all un-
doubtedly of the most serious nature. We see this in
the fact that the most eminent palaontologists, namely
Cuvier, Agassiz, Barrande, Pictet, Falconer, E. Forbes,
&e., and all our greatest gaologma, u Lyell Mnmhl-
son, Sedgwick, &c., have
maintained the immutability of specles. But it is
evident from the recent works of Sir Charles Lyell that
he now almost gives up this view; and some other
great geologists and palwontologists are much shaken in
their confidence. T feel how rash it is to differ from the
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foregoing authorities, to whom, with others, we owe all
our knowledge. Those who believe that the geological
record is in any degree perfect, will undoubtedly at
once reject my theory. For my part, following out
Lyell's metaphor, I look at the natural
record, as a history of the world imperfectly kept, and
written in a changing dialect; of this history we possess
the last volume alone, relating only to two or three
countries. Of this volume, only here and there a short
chapter has been preserved; and of each page, only
here and there a few lines. Each word of the dnwly-
ehmgmg language being more or less different in the
successive chapters, may represent the forms ot life,
bed in our but widely d for-
mations, which falsely appear to have been abruptly
transformed.  On this view, the difficulties above dis-
cussed are greatly diminished, or oven disappear.
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CHAPTER X.

Ox TE GEOLOGICAL SUCCESSION oF OrGANIO BEINes.

On the slow and successive appearance of new species—On. their
different rates of change—Species once lost do not reappear—
Gmup of species follow the same general rules in their appear-

a8 do single sp
i dmn]hmnl changes in the forms of life lhmll.ghom the
world—On the affinitics of extinet species to each other and to
living species—On the state of development of ancient forms—
On the succession of the ssme types within the same areas—
Summary of preceding and present chapter.

Ler us now see whether the several facts and rules
relating to the geological succession of organic beings,
better accord with the common view of the immutability
of species, or with that of their slow and gradual modi-
fication, through descent and natural selection.

New species have appeared very slowly, one after
another, both on the land and in the waters. Lyell has
shown that it is hardly possible to resist the evidence
on this head in the case of the several tertiary stages;
and every year tends to fill up the blanks between
them, and to make the percentage system of lost and
new forms more gradual.  In some of the most mcent
beds, though undoubtedly of high antiquity if
by years, only one or two species are lost forms, and
only one or two are new forms, having appeared for
the first time, either locally, or, as far as we know, on
the face of the earth. If we may trust the observations
of Philippi in Sicily, the successive changes in the marine
inhabitants of that island have been many and most
gradual. The secondary formations are more broken;
but, as Bronn has remarked, neither the appearance
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nor disappearance of their many now extinet species
has been simultaneous in each separate formation.
Species of different genera and classes have not
changed at the same rate, or in the same degree. In
the older tertiary beds a few living shells may still
be found in the midst of a multitude of extinet forms.
Falconer has given a striking instance of a similar fact,
in an existing crocodile associated with many strange
lost mammals and reptiles in the sub-Himalayan de-
posits. The Silurian Lingula differs but little from
the living species of this genus; whereas most of the
other Silurian Molluses and all the Crustaceans have
changed greatly. The productions of the land seem to
change at a quicker rate than those of the sea, of which
a striking instance has lately been observed in Swmer-
land. There is some reason to believe that
considered high in the scale of nature, change more
quickly than those that are low: though there are ex-
ceptions to this rule. The amount of organic change,
as Pictet has remarked, does not m-wtly oormpond
with the ion of our
that between each two consecutive fnrmmon-,dn formn
of life have seldom changed in exactly the same degree.
Yet if we compare any but the most closely related for-
mations, all the species will be found to have undergone
some change. When a species has once disappeared
from the face of the earth, we have no reason to believe
that the same identical form ever reappears. The
strongest apparent exception to this latter rule is that
of the so-called “colonies” of M. Barrande, which in-
trude for a period in the midst of an older formation,
and then allow the pre-existing fauna to reappear; but
Lyell's explanation, namely, that it is a case of tempo-
rary migration from a distinct geographical provinee,
seems to me satisfactory.
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These several facts accord well with my theory. I
believe in no fixed law of development, causing all the
inhabitants of a country to change abruptly, or simul-
taneously, or to an equal degree. The process of modi-
fication must be extremely slow. The variability of
each species is quite independent of that of all others.
‘Whether such variability be taken advantage of by
natural selection, and whether the variations be accu-
mulated to a greater or lesser amount, thus causing a
greater or lesser amount of modification in the vary-
ing species, depends on many complex contingencies,
—on the variability being of a beneficial nature, on
the power of intercrossing and on the rate of breed-
ing, on the slowly changing physical conditions of the
country, and more especially on the nature of the other
inhabitants with which the varying species comes into
competition. Hence it is by no means surprising that
one species should retain the same identical form much
longer than others; or, if changing, that it should change
less. We see the same fact in geographical distribution ;
for instance, in the land-shells and coleopterous insects
of Madeira having come to differ considerably from their
nearest allies on the continent of Europe, whereas the
marine shells and birds have remained unaltered. We
can perhaps understand the apparently quicker rate of
change in terrestrial and in more highly organised pro-
ductions compared with marine and lower productions,
by the more complex relations of the higher beings
to their organic and inorganic conditions of life, as
explained in a former chapter. When many of the
inhabitants of a country have become modified and im-
proved, we can understand, on the principle of competi-
tion, and on that of the many all-important relations
of organism to organism, that any form which does
not become in some degree modified and improved,
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will be liable to extermination. Hence we can see why
all the species in the same region do at last, if we look
to wide enough intervals of time, become modified, for
those which do not change will become extinet.

In members of the same class the average amount of
change, during long and equal periods of time, may,
perhaps, be nearly the same; but as the accumulation
of long-enduring fossiliferous formations depends on
great masses of sediment having been deposited on areas
whilst subsiding, our formations have been almost neces-
sarily accumulated at wide and irregularly intermittent
intervals of time; consequently the amount of organic
change exhibited by the fossils embedded in consecutive
formations is not equal. Each formation, on this view,
does not mark a new and complete act of creation, but
only an occasional scene, taken almost at hazard, in an
ever slowly changing drama.

We can clearly understand why a species when once
lost should never reappear, even if the very same condi-
tions of life, organic and inorganie, should recur. For
though the offspring of one species might be adapted
(and no doubt this has occurred in innumerable in-
stances) to fill the exact place of another species in the
economy of nature, and thus supplant it; yet the two
1 the old and the ld not be identicall
the same ; for both would almost certainly inherit dif-
ferent characters from their distinet progenitors. For
instance, it is just possible, if our fantail-pigeons were
all destroyed, that fanciers, by striving during long ages
for the same object, might make a new breed hardly
distinguishable from our present fantail; but if the
parent rock-pigeon were also destroyed, and in nature
we have every reason to believe that the parent-form

ill g lly planted and inated by ite
improved offspring, it is quite incredible that a fan-
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tail, identical with the existing breed, could be raised
from any other species of pigeon, or even from the
other well-established races of the domestic pigeon, for
the newly-formed fantail would be almost sure to in-
herit from its new p itor some slight chi i
differences.

Groups of species, that is, genera and families, follow
the same general rules in their appearance and dis-
appearance as do single species, changing more or less
quickly, and in a greater or lesser degree. A group,
when it has once disappeared, never reappears ; that is,
its existence, as long as it lasts, is continuous. Iam
aware that there are some apparent exceptions to this
rule, but the exceptions are surprisingly few, so few that
E. Forbes, Pictet, and Woodward (though all strongly
opposed to such views as I maintain) admit its trath;
and the rule strictly accords with my theory. For as
all the species of the samie group have descended from
some one species, it is clear that, as long as any species
of the group have been produced, so long must some of
its members have existed, in order to generate either
the new and modified, or the old and unmodified forms.
Species of the genus Lingula, for instance, must have
continuously existed in an unbroken succession of gene-
rations, from the lowest Silurian stratum to the present.
day.

We have seen in the last chapter that many species
of a group sometimes falsely appear to have come in
abruptly in a body; and I have attempted to give an
explanation of this fact, which if true would have been
fatal to my views. But such cases are certainly ex-
ceptional; the general rule being a gradual increase
in number, till the group reaches its maximum, and
then, sooner or later, it gradually decreases. If the
number of the species of a genus, or the number of
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the genera of a family, be represented by a vertical line
of varying thicl ding through the
geological formations in which the species are found,
the line will sometimes falsely appear to begin at its
Tower end, not in a sharp point, but abruptly ; it then
gradually thickens upwards, often keeping for a space
of equal thickness, and ultimately thins out in the
upper beds, marking the decrease and final extinction
of the species. This gradual increase in the number of
the species of a group is strietly conformable with my
theory, for the species of the same genus, and the
genera of the same family, can increase only slowly and
progressively ; the process of modification and the pro-
duction of a number of allied forms necesnanly bemg a
slow and gradual process,—one species first giving rise
to two or three varieties, these being slowly converted
into species, which in their turn produce by equally
slow steps other varieties and species, and so on, like
the branching of a great tree from a single stem, till
the group becomes large.

On Extinction.

We have as yet spoken only incidentally of the dis-
appearance of species and of groups of species. On
the theory of natural selection the extinction of old
forms and the production of new and improved forms are
intimately connected together. The old notion of all the
inhabitants of the earth having been swept away by
catastrophes at successive periods is very generally given
up, even by those geologists, as Elie de Beaumont,
Murchison, Barrande, &ec., whose general views would
naturally lead them to this conclusion. On the con-
trary, we have every reason to believe, from the study
of the tertiary formations, that species and groups of
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species gradually disappear, one after another, first
from one spot, then from another, and finally from the
world ; in some few cases, however, as by the breaking
of an isthmus and the consequent irruption of a multi-
tude of new inhabitants, or by the final subsidence of
an island, the extinction may have been comparatively
rapid. Both single species and whole groups of species
last for very unequal periods; some groups, as we have
seen, having endured from the earliest known dawn of
life to the present day; some having disappeared before
the close of the palwozoic period. No!fixed law seems
to determine the length of time during which any
single species or any single genus endures. There is
reason to believe that the complete extinction of a
whole group of specnes is generally a slower process
than their prod if the app

ance of a group be repreaented as befure, by a vertical
line of varying thickness, the line is found to taper
more gradually at its upper end, which marks the
progress of extermination, than at its lower end, which
marks the first appearance and increase in numbers of
the species. In some cases, however, the extermination
of whole groups of beings, as of ammonites towards the
close of the secondary period, has been wonderfully
sudden relatively to that of most other groups.

The whole subject of the extinction of species has
been inyolved in the most gratuitous mystery. Some
authors have even supposed that, as the individual has
definite length of life, so have species a definite dura-
tion. No one I think can have marvelled more at the
extinction of species, than I have done. When I found
in La Plata the tooth of a horse embedded with the
remains of Mastodon, Megatherium, Toxodon, and other
extinet monsters, which all co-existed with still living
shells at a very late geological period, I was filled with
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astonishment ; for, seeing that the horse, since its intro-
duction by the Spaniards into South America, has run
wild over the whole country and has increased in
numbers at an unparalleled rate, I asked myself what
mhlsomeendy hnvecxtammﬁedtbeﬁwmchone
under condit of life app 1 ble. But
how utterly groundless was my utomnhmentl Pro-
fessor Owen soon perceived that the tooth, though so
like that of the existing horse, belonged to an extinct
species. Had this horse been still living, but in some
degree rare, no naturalist would have felt the least sur-
prise at its rarity; for rarity is the attribute of a vast
number of species of all classes, in all countries. If
veukmmelreswhythnotdn:peu-unn,ve
answer tha ble in its condi
of life ; butwhntthnlomcthmgn,wumbnﬂym
tell.  On the supposition of the fossil horse still exist-
ing 0s a rare species, we might have felt certain, from
the analogy of all other mammals, even of the slow-
breeding elephant, and from the history of the natural-
isation of the domestic horse in South America, that
under more favourable conditions it would in a very few
years have stocked the whole continent. But we could
not have told what the unfavourable conditions were
which checked its increase, whether some one or seve-
ral contingencies, and at what period of the horse’s
life, and in what degree, they severally acted. If
the conditions had gone on, however slowly, becom-
ing less and less favourable, we assuredly should not
have perceived the fact, yet the fossil horse would cer-
 tainly have become rarer and rarer, and finally extinet ;
—its place being seized on by some more successful
competitor.
It is most difficult always to remember that the
increase of every living being is constantly being
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checked by unperceived hostile agencies; and that
these same unperceived agencies are amply sufficient to
cause rarity, and finally extinction. So little is this
subject understood, that T have heard surprise repeatedly
expressed at such great monsters as the Mastodon and
the more ancient Dinosaurians having become extinct;
as if mere bodily strength gave victory in the battle
of life. Mere size, on the contrary, would in some cases
determine, as has been remarked by Owen, quicker
extermination from the greater amount of requisite
food. Before man inhabited India or Africa, some cause
must have checked the continued increase of the existing
elephant. A highly capable judge, Dr. Falconer, be-
lieves that it is chiefly insects which, from incessantly
harassing and weakening the elephant in India, check
its increase; and this was Bruce’s conclusion with re-
spect to the African elephant in Abyssinia. It is cer-
tain that insects and blood-sucking bats determine
the existence of the larger naturalised quadrupeds in
several parts of S. America.

We see in many cases in the more recent tertiary
formations, that rarity precedes extinction; and we
know that this has been the progress of events with
those animals which have been exterminated, either
locally or wholly, through man’s agency. I may repeat
what I published in 1845, namely, that to admit that
species generally become rare before they become.
extinet—to feel no surprise at the rarity of a species,
and yet to marvel greatly when the species ceases to
exist, is much the same as to admit that sickness in:
the individual is the of death—to feel no
surprise at sickness, but, when the sick man dies, to
wonder and to suspect that he died by some deed of
violence.

The theory of natural selection is grounded on the
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belief that each new variety, and ultimately each new
species, is produced and maintained by having some
advantage over those with which it comes into compe-
tition ; and the consequent extinetion of the less-favoured
forms almost inevitably follows. It is the same with
our domestic productions; when a new and slightly
improved variety has been raised, it at first generally
supplants the less improved varieties in the same neigh-
bourhood ; when much improved it is transported far
and near, like our short-horn cattle, and takes the place
of other breeds in other countries. Thus the appearance
of new forms and the disappearance of old forms, both
those naturally and those artificially produced, are bound
together. In flourishing groups, the number of new
specific forms which have been produced within a given
time has at some periods probably been greater than
the number of the old specific forms which have been
exterminated ; but we know that species have not gone
on indefinitely increasing, at least during the later
geological epochs, so that, looking to later times, we
may believe that the production of new forms has
caused the extinction of about the same number of
old forms.

The competition will generally be most severe, as
formerly explained and illustrated by examples, between
the forms which are most like each other in all respects.
Hence the improved and modified descendants of a
species will g lly cause the ination of the
parent-species ; and if many new forms have been de-
veloped from any one species, the nearest allies of that
species, 1. ¢. the species of the same genus, will be the
most liable to extermination. Thus, as I believe, a
number of new species descended from one species, that
is & new genus, comes to supplant an old genus, belong-
ing to the same family. But it must often have happened

]
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that a new species belonging to some one group will have
seized on the place occupied by a species belonging to
a distinct group, and thus cause its extermination;
and if many allied forms be developed from the success-
ful intruder, many will have to yield their places; and
it will generally be allied forms, which will suffer from
some inherited inferiority in common. But whether
it be species belonging to the same or to a distinct
class, which yield their places to other species which
have been modified and improved, a few of the sufferers
may often long be preserved, from being fitted to some
peculiar line of life, or from inhabiting some distant and
isolated station, where they have escaped severe compe-
tition. For instance, some species of Trigonia, a great
genus of shells in the secondary formations, survive in
the Australian seas; and a few members of the great
and almost extinct group of Ganoid fishes still inhabit
our fresh waters. Therefore the utter extinction of a
group is generally, as we have seen, a slower process
than its production.

With respect to the apparently sudden extermina-
tion of whole families or orders, as of Trilobites at the
close of the palwozoic period and of Ammonites at
the close of the secondary period, we must remember
what has been already said on the probable wide intervals
of time between our consecutive formations ; and in these
intervals there may have been much slow extermination.
Moreover, when, by sudden immigration or by unusually
rapid develnpmem, many species of a new group h:va
taken pussemon of a new area, these will have e:
minated in a correspondingly rapid manner many of
older species; and the forms which thus yield
places will commonly be allied, for they will partake.
the same inferiority in common.

Thus, as it scems to me, the manner in which singl
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species and whole groups of species become extinct,
accords well with the theory. of natural selection. We
need not marvel at extinetion; if we must marvel, let
itbe at our own presumption in imagining for a moment
that we understand the many eomplox contingencies,
on which the existence of each species depends. If we
forget for an instant, that each 'peexel tends to increase
inordinately, and that some check is always in action,
yet seldom perceived by us, the whole economy of
nature will be utterly obscured. Whenever we can
precisely say why this species is more abundant in in-
dividuals than that; why this species and not another
can be naturalised in a given cmmtry. then, and not
till then, we may justly feel surprise why we cannot
account for the extinction of any particular species or
group of species.

On the Forms of Life changing almost simultaneously
throughout the World.

Scarcely any palweontological discovery is more striking
than the fact, that the forms of life change almost simul-
taneously throughout the world. Thus our European
Chalk formation can be recognised in many distant
parts of the world, under the most different climates,
where not a fragment of the mineral chalk itself can
be found; namely, in North America, in equatorial
South America, in Tierra del Fuego, at the Cape of
Good Hope, and in the penmm]n of India. For at
these distant points, the organic remains in cenmn
beds present an keable degree of
tothooeofthe Chalk. It is not that the same species
are met with; for in some cases not one species is
identically the same, but they belong to the same
families, genera, and sections of genera, and sometimes
are similarly characterised in such trifling p;inh as

8
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mere superficial sculpture. Moreover, other forms, which
are not found in the Chalk of Europe, but which occur
in the formations either above or below, are similarly
placed at these distant points of the world. In the
several successive palmozoic formations of Russia,
‘Western Europe, and North America, a similar parallel-
ism in the forms of life has been observed by several
authors: so it is, according to Lyell, with the several
European and North American tertiary deposits. Even
if the few fossil species which are common to the Old
and New Worlds be kept wholly out of view, the gene-
ral parallelism in the successive forms of life, in the
stages of the palwozoic and of the tertiary periods,
would still be manifest, and the several formations could
be easily correlated.

These observations, however, relate to the marine
inhabitants of distant parts of the world: we have not
sufficient data to judge whether the productions of the
land and of fresh water change at distant points in the
same parallel manner. We may doubt whether they
have thus changed: if the Megatherium, Mylodon,
Macrauchenia, and Toxodon had been brought to Europe
from La Plata, without any information in regard to
their geological position, no one would have suspected.
that they had co-existed with still living sea-shells ; but
as these anomalous monsters co-existed with the Masto-
don and Horse, it might at least have been inferred
that they had lived during one of the later tertiary

stages,

‘When the marine forms of life are spoken of as
having changed simultaneously throughout the world,
it must not be supposed that this expression relates to
the same thousandth or hundred-thousandth year, or
oven that it has a very strict geological sense; for if
all the marine animals which live at the present day in
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Enrope, and all those that lived in Europe during the
period (an ly remote period as
measured by years, including the whole glacial epoch),
were to be compared with those now living in South
America or in Australia, the most skilful naturalist
would hnrdly be nblu to say whether the existing or the
L of Europe led most closely
thow of the southern hemisphere. So, again, several
highly competent observers believe that the existing
productions of the United States are more closely related
10 those whjch lived in Europe during certain later ter-
tiary stages, than to those which now live here; and
if this be so, it is evident that fossiliferous beds de-
posited at the present day on the shores of North
America would hereafter be liable to be classed with
older Ex beds. Nevertheless, looking
1o a remotely future epoch, there can, I think, be little
doubt that all the more modern marine formations,
namely, the upper pliocene, the pleistocene and strictly
modern beds, of Europe, North and South America, and
Australia, from containing fossil remains in some degree
allied, and from not including those forms which are
only found in the older underlying deposits, would be
correctly ranked as simultaneous in a geological sense.
The fact of the forms of life changing simultaneously,
in the above large sense, at distant parts of the world,
has greatly struck those admirable observers, MM.
de Verneuil and d'Archiac. After referring to the
parallelism of the palwozoic forms of life in various
parts of Europe, they add, “If, struck by this strange
sequence, we turn our attention to North America, and
there discover a series of analogous phenomena, it will
appear certain that all these modifications of species,
~ their extinction, and the introduction of new ones, can-
~ mot be owing to mere changes in marine currents or
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other causes more or less local and temporary, but de-
pend on general laws which govern the whole animal
kingdom.” M. Barrande has made forcible remarks to
precisely the same effect. It is, indeed, quite futile to
look to changes of currents, climate, or other physical
conditions, as the cause of these great mutations in the
forms of life throughout the world, under the most dif-
ferent climates. We must, as Barrande has remarked,
look to some special law. We shall see this more clearly
when we treat of the present distribution of organic
beings, and find how slight is the relation hetween the
physical conditions of various countries, and the nature
of their inhabitants.

This>great fact of the parallel succession of the forms
of life throughout the world, is explicable on the theory
of natural selection. New species are formed by new
varieties arising, which have some advantage over
older forms; and those forms, which are already domi-
nant, or have some advantage over the other forms in
their own country, would naturally oftenest give rise to
new varieties or incipient species. We have distinet
evidence on this head, in the plants which are domi-
nant, that is, which are commonest and most widely
diffused, compared with other less dominant plants, pro-
ducing the greatest number of new varieties. It is also
natural that the dominant, varying, and far-spreading
species, which already have invaded to a certain extent
the territories of other species, should be those which
would have the best chance of spreading still further,
and of giving rise in new countries to new varieties and
species. The process of diffusion may often be very
slow, being dependent on climatal and geographical
changes, or on strange accidents, or on the gradual
acclimatisation of new species to the various climates
through which they have to pass, but in the course
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of time the dominant forms will generally succeed in

nents than with the marine inhabitants of the continuous
sea. We might therefore expeet to find, as we appa-
rently do find, a less strict degree of parallel succession
in the productions of the land than of the sea.

Dominant species spreading from any region might
encounter still more dominant species, and then their
trinmphant course, or even their existence, would cease.
‘We know not at all precisely what are all the conditions
most favourable for the multiplication of any one new
and dominant species; but we can, I think, clearly see
that a number ofmhndndgﬁmpmgnbeuaohm
of the app and that
severe compefition wn.h many already existing forms,
would be highly favourable, as would be the power of
spreading into new temvitories. A certain amount of
isolation, recurring at long intervals of time, would
probably be also favourable, as before explained. One

" quarter of the world may have been most favourable
for the production of new and dominant species on the
land, and another for those in the waters of the sea. If
two great regions had been for a long period favourably
circumstanced in an equal degree, whenever their inha-
bitants met, the battle would be prolonged and severe ;
and some from one birthplace and some from the other
might be victorious. But in the course of time, the
forms dominant in the highest degree, wherever pro-
duced, would tend everywhere to prevail.

Thus, as it scems to me, the parallel, and, taken in a
large sense, simultaneous, succession of the same forms
of life throughout the world, accords well with the prin-
ciple of new species having been formed by dominant
species spreading widely and varying ; the new species
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thus produced being themselves dominant, owing to in-
heritance and to having already had some advantage
over their parents or over other species, and again
spreading, varying, and producing other new forms.
The old forms which are beaten and which yield their
places to the new and victorious forms, will generally
be allied in groups, from inheriting some inferiority in
common; and therefore, as new and improved groups
spread throughout the world, old groups will disappear
from the world ; and the succession of forms will every-
where tend to correspond in their first appearance and
final disappearance.

There is one other remark connected with this sub-
ject worth making. I have given my reasons for be-
lieving that most of our greater formations, rich in
fossils, were deposited during periods of subsidence ;
and that blank intervals of vast duration occurred
during the periods when the bed of the sea was either
stationary or rising, and likewise when sediment was
not thrown down quickly enough to embed and pre-
serve organic remains. During these long and blank
intervals T suppose that the inhabitants of each region
underwent a iderable amount of modification and
extinction, and that there was much migration from
other parts of the world. As we have reason to
believe that large areas are affected by the same move-
ment, it is probable that strictly contemporaneous for-
mations have often been accumulated over very wide
spaces in the same quarter of the world; but we are-
far from having any right to conclude that this has in-
variably been the case, and that large areas have inva~
riably been affected by the same movements. When two
formations have been deposited in two regions during
nearly, but not exactly, the same period, we should find
in both, from the causes explained in the foregoing
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paragraphs, the same general succession in the forms of
life; but the species would not exactly correspond; for
there will have been alittle more time in the one region
than in the other for modification, extinction, and im-
migration.

T suspect that cases of this nature occur in Europe.
Mr. Prestwich, in his admirable Memoirs on the eocene
deposits of England and France, is able to draw a close
general parallelism between the successive stages in the
two countries; but when he compares certain stages
in England with those in l"nneu, although he finds
in both a curious accordance in the numbers of the
species belonging to the same genern, yet the species
themselves differ in a manner very difficult to account
for considering the proximity of the two arcas,—unless
indeed, it be assumed that an isthmus separated two
seas inhabited by distinet, but contemporaneous, faunas.
Lyell has made similar observations on some of the
later tertiary formations. Barrande, also, shows that

region
blavk interval in the other,—and if in both regions the
species have gone on slowly changing during the accu-
mulation of the several formations and during the long
intervals of time between them ; in this case the several
formations in the two regions could be arranged in the
same order, in accordance with the general succession
of the forms of life, and the order would falsely appear
10 be strictly parallel ; nevertheless the species would
not be all the same in the apparently corresponding
‘stages in the two regions, . .

8
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On the Affnitics of Extinot Species to each other, and to
Living Forms.

Let us now look to the mutual affinities of extinet
and living species. They all fall into one grand natural
system ; md\hubetu-tonmexphmedontbepnn-
ciple of descent. The more ancient any form is, the
more, as a general rule, it differs from living forms.
Bat, as Buckland long ago remarked, all fossils can be
elassed either in still existing groups, or between them.
That the extinet forms of life help to fill up the wide
intervals between existing genera, families, and orders,
cannot be disputed. For if we confine our attention
either to the living or to the extinct alone, the series is
far less perfect than if we combine both into one general
system. With respect to the vertebrata, whole pages
could be filled with striking illustrations from our great
pslwontologwt. Owen, showing how extinct animals fall
in between existing groups. Cuvier ranked the Rumi-
nauts and Pachyderms, as the two most distinet orders
of mammals; but Owen has discovered so many fossil
links, that he has had to alter the whole classification
of these two orders; and has placed certain pachyderms
in the same sub-order with ruminants : for example, he
dissolves by fine gradations the apparently wide differ-
ence between the pig and the camel. In regard to the
Invertebrata, Barrande, and a higher authority could
not be named, asserts that he is every day tanght that,
although paleozoic animals can certainly be classed
under existing groups, yet that at this ancient period
these groups were not so distinetly separated from each
other as they are at the present time.

Some writers have objected to any extinet species or
group of species being considered as intermediate be-
tween living species or groups. If by this term it is
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meant that an extinet form is directly intermediate in
all its characters between two living forms, the objec-
tion is valid. But I apprehend that in a perfectly
natural classification many fossil species would have to
stand between living species, and some extinct genera
between living genera, even between genera belonging
to distinct families. The most common case, espe-
cially with respect to very distinet groups, such as fish
and reptiles, scems to be, that, supposing them to be
distinguished at the present day from each other by a
dozen characters, the ancient members of the same two
groups would be distinguished by a somewhat lesser
number of characters, so that the two groups, though
formerly quite distinet, at that period mlds some small
nppmuh to each other.

It is a common belief that the more ancient a form
is, by so much the more it tends to connect by some of
its characters groups now widely separated from each
other. This remark no doubt must be restricted to
those groups which have undergone much change in
the course of geological ages; and it would be difficult
to prove the truth of the proposition, for every now and
then even a living animal, as the Lepidosiren, is dis-
covered having affinities directed towards very distinct
groups, Yet if we compare the older Reptiles and
Batrachians, the older Fish, the older Cephalopods, and
the eocene Mammals, with the more recent members of
the same classes, we must admit that there is some truth
in the remark.

Let us see how far these several facts and inferences
aceord with the theory of descent with modification. As
the subject is somewhat complex, I must request the
reader to turn to the diagram in the fourth chapter.
‘We may suppose that the numbered letters represent
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genera, and the dotted lines dxvergmg from them
the species in each genus. The diagram is much too
simple, too few genera and too few upecxes bemg
given, but this is uni for \u. The h
lines may rep i ical
and all the forms beneath the uppermost line may
be considered as extinct. The three existing genera,
a', g4, p“ will form a small family; & and f* a
closely allied family or sub-family ; and o, ¢, m', a
third family. These three families, together with the
many extinct genera on the several lines of descent
diverging from the parent-form (A), will form an order;
for all will have inherited something in common
from their ancient and common progenitor. On the
principle of the continued tendency to divergence of
character, which was formerly illustrated by this dia-
gram, the more recent any form is, the more it will
generally differ from its ancient progenitor. Hence we
can understand the rule that the most ancient fossils
differ most from existing forms. We must not, how-
ever, assume that diverg of el isa
mntmgency ; it depends solely on the descendants fmn\
a species being thus enabled to seize on many and dif-
ferent places in the economy of nature. Therefore it
is quite possible, as we have seen in the case of some
Silurian forms, that a species might go on being slightly
modified in relation to its slightly altered conditions of
life, and yet uhm thmnghout a vast permd the same
general This is rep in the dia-

gram by the letter ¥4,

All the many forms, extinct and recent, descended
from (A), make, as before remarked, one order ;. and
this order, from the continued effects of extinction and.
divergence of character, has become divided into several
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sub-families and families, some of which are supposed
to have perished at different periods, and some to have
endured to the present day.
By looking at the diagram we can see that if " many
of the extmct forms, supposed to be embedded in the
were di d at several points
low down in the series, the three existing families on the
uppermost line would be rendered less distinct from each
other. If, for instance, the genera a', @’, a”, 7%, w?, m*, m*,
were disinterred, these three families would be so closely
linked together that they probably would have to be
united into one great family, in nearly the same manner
as has occurred with ruminants and certain pachyderms.
Yet he who objected to call the extinct genera which
thus linked the living genera of three families together,
intermediate in character, would be justified, as they
are intermediate, not directly, but only by a long and
circuitous course through many widely different forms.
If many extinct forms were to be discovered above one
of the middle hori 1 lines or geological f i
—for instance, above No. VL—but none from beneath
this line, then only two of the families (those on the
left hand, a*, &e., and b, &e.) would have to be united
into one; and there would remain two families, which
would be less distinet from each other than they were
before the discovery of the fossils. So again, if the
three families formed of eight genera (a'* to m'), on the
‘uppermost line, be supposed to differ from each other
by half a dozen important characters, then the families
which existed at the period marked VL. would certainly
have differed from each other by a less number of cha-
racters; for they would at this early stage of descent
have diverged in a less degree from their common pro-
genitor. Thus it comes that ancient and extinct genera
are often in some slight degree intermediate in cha-
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racter between their modified descendants, or between
their collateral relations.

In nature the case will be far more complicated than
is represented in the diagram; for the groups will have
been more numerous, they will have endured for ex-
tremely unequal lengths of time, and will have been
modified in various degrees. As we possess only the last
volume of the geological record, and that in a very broken
condition, we have no right to expect, except in very
rare cases, to fill up the wide intervals in the natural
system, and thus unite distinet families or orders, All
that we have a right to expect, is that those groups,
which have within known geological periods undergone
much modification, should in the older formations make
some slight approach to each other; so that the older
members should differ less from each other in some of
their characters than do-the existing members of the
same groups; and this by the concurrent evidence of
our best paleontologists seems frequently to be the

case.

Thus, on the theory of descent with modification, the
main facts with respect to the mutual affinities of the
extinet forms of life to each other and to living forms,
seem to me explained in a satisfactory manner. And
they are wholly inexplicable on any other view.

On this same theory, it is evident that the fauna of
any great period in the earth’s history will be inter-
mediate in general character between that which pre-
ceded and that which succeeded it. Thus the species
which lived at the sixth great stage of descent in the
diagram are the modified offspring of those which lived
at the fifth stage, and are the parents of those which
became still more modified at the seventh stage; hence
they could hardly fail to be nearly intermediate in
character between the forms of life above and below.
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‘We must, however, allow for the entire extinction of
some preceding forms, and in any one region for the
immigration of new forms from other regions, and for a
large amount of modification, dm-ing the long and blank
intervals between the successive formations. Subject to
thesa ullmvanres, the fa\mn of eanh geological period

in between the
preceding nnd succeeding faunas. I need give only one
instance, namely, the manner in which the fossils of the
Devonian system, when this system was first discovered,
were at once recognised by palmontologists as inter-
mediate in character between those of the overlying
carboniferous, and underlying Silurian system. But
each fauna is not necessarily exactly intermediate, as
unequal intervals of time have elapsed between con-
secutive formations,

It is no real objection to the truth of the statement
that the fauna of each period as a whole is nearly
intermediate in character between the preceding and
succeeding faunas, that certain genera offer exceptions
to the rule. For instance, mastodons and elephants,
when arranged by Dr. Falconer in two series, first
according to their mutual affinities and then according
to their periods of existence, do not accord in arrange-
ment. The species extreme in character are not the
oldest or the mnn recent; nor are those which are

diate in diate in age: But
supposing for an instant, in this and other such cases,
that the record of the first appearance and disappearance
of the species was perfect, we have no reason to believe
that forms successively produced necessarily endure for
corresponding lengths of time: a very ancient form
might occasionally last much longer than a form else-
where subuquemly prodnced, ecpemn]ly in the case
“of d districts.
To compare small things with great: i the principal
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living and extinct races of the domestic pigeon were
arranged as well as they could be in serial affinity, this
arrangement. would not closely accord with the order in
time of their production, and still less with the order of
their disappearance; for the parent rock-pigeon now
lives; and many varieties between the rock-pigeon and
the carrier have become extinet; and carriers which are
extreme in the important character of length of beak
originated earlier than short-beaked tumblers, which are
at the opposite end of the serics in this respect.

Closely connected with the statement, that the or-
ganic remains from an intermediate formation are in
some degree intermediate in character, is the fact,
insisted on by all palwontologists, that fossils from two
consecutive formations are far more closely related to
each other, than are the fossils from two remote forma-
tions. Pictet gives as a well-known instance, the
general resemblance of the organic remains from the
several stages of the Chalk formation, though the species
are distinct in each stage. This fact alone, from its
generality, seems to have shaken Professor Pictet in his
firm belief in the immutability of species. He who is
acquainted with the distribution of existing species over
the globe, will not attempt to account for the close
resemblance of the distinct species in elosely consecutive
formations, by the physical conditions of the ancient
areas having remained nearly the same. Let it be
remembered that the forms of life, at least those in-
habiting the sea, have changed almost simultaneously
throughout the world, and therefore under the most
different climates and conditions. Consider the pro-
digious vicissitudes of climate during the pleistocene
period, which includes the whole glacial period, and
note how little the specific forms of the inhabitants of
the sea have been affected.

On the theory of descent, the full meaning of the
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fact of fossil remains from closely consecutive forma-
tions, though ranked as distinet species, being closely
related, is obvious. As the aceumulation of each for-
mation has often been interrupted, and as long blank
intervals have intervened between successive formations,
we ought not to expect to find, as I attempted to show
in the last chapter, in any one or in any two formations
all the intermediate varieties between the species which
appeared at the commencement and close of these
periods ; but we ought to find after intervals, very long
a8 measured by years, but only moderately long as
measured geologically, closely allied forms, or, as they
have been called by some authors, representative species ;
and these assuredly we do find. We find, in short, such
evidence of the slow and scarcely sensible mutation of
specific forms, as we have a just right to expect.

Onm.svaua/nmwofmmwmm

\Vehnmmthefwrﬁhehphr“ﬁlm
of differentiation aud specialisation of the parts in all
organic beings, when arrived at maturity, is the best
standard, as yet suggested, of their degree of perfection
or highness. We have also seen that, as the special-
isation of parts and organs is an advantage to each
being, so natural selection will tend to render the or-
ganisation of each being more specialised and perfect,
and in this sense higher; not but that it may and will
leave many creatures with simple and unimproved strue-
tures fitted for simple conditions of life, and in some
cases will even degrade or simplify the organisation, yet
leaving such degraded beings better fitted for their new
‘walks of life. In another and more general manner, new
species will become superior to their predecessors; for
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they will in the struggle for life have to beat all the
older forms with which they come into close competi-
tion. We may therefore conclude that if under a nearly
similar climate the eocene inhabitants of the world could
be put into competition with our existing inhabitants,
the former would be beaten and exterminated, as would
a secondary fauna by an eocene, and a palmozoic fauna
by a secondary fauma. So that by this fundamental
test of victory in the battle for life, as well as by the
standard of the specialisation of organs, modern forms
ought on the theory of natural selection to stand higher
than ancient forms. Is this the case ? A large majority
of palzontologists would certainly answer in the affirm-
ative; but in my judgment I cannot, after having read
the discussions on this subject by Lyell, Bronn, and
Hooker, look at this conclusion as fully proved, though
highly probable.

It is no valid objection to this conclusion or to the
general belief that species in the course of time change,
that certain Brachiopods have been but slightly modified
from an extremely remote geological period, although
no explanation can be given of this fact. It is not an
insuperable difficulty that Foraminifera have not pro-
gressed in organisation, as insisted on by Dr. Carpenter,
since that most ancient of all epochs the Laurentian
formation of Canada; for some organisms would have
to remain fitted for simple conditions of life, and what
better for this end than these lowly organised Protozoa ?
It is no great difficulty that fresh-water shells, as Pro-
fessor Phillips has remarked, have remained almost
unaltered from the time when they first appeared to the
present day; but in this case we can see that these
shells will have been subjected to less severe competition
than the molluses which inbabit the far more extensive
area of the sea with its innumerable inhabitants. Such

@ The Complete Work of Charles Darwin Online:



Cuar, X. ANCIENT AND LIVING FORMS. 403

objections as the above would be fatal to any view
which included advance in organisation as a necessary
contingent. They would be fatal to my view if Fora-
minifera, for instance, could be proved to have first
come into existence during the Laurentian epoch, or
Brachiopods during the lower Silurian formations; for
if this were proved, there would not have been time
sufficient for the development of these organisms up to
the standard which they had then reached. When once
advanced up to any given point, there is no necessity
on the theory of natural selection for their further con-
tinued progress; though they will, during each successive
age, have to be slightly modified, so as to hold their
places in relation to their changing conditions of life.
All such objections hinge on the question whether we
have any sufficient knowledge of the antiquity of the
world and of the periods when the various forms of life
first appeared ; and this may be boldly disputed.

The problem whether organisation on the whole has
advanced is in many ways excessively intricate, The
geological record, at all times imperfect, does not extend
far enough back, as I believe, to show with unmistake-
able clearness that within the known history of the
world organisation has largely advanced. Even at the
present day, looking to members of the same class,
naturalists are not unanimous which forms are to be
ranked as highest: thus, some look at the selaceans or
sharks, from their approach in some important points of
structure to reptiles, as the highest fish ; others look
~ at the teleosteans as the highest. The ganoids stand

intermediate between the selaceans and teleosteans;
ﬁehttan&epmentdnymlugnlypmpandmnnt
in number; but formerly selaceans and ganoids alone
existed ; and in this case, according to the standard of
Ahigimo- chosen, so mll it be said that fishes have
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d d or ded i To attempt
to compare in the seale of hxghne- members of distinet
types seems hopeless: who will decide whether a cuttle-
fish be higher than a bee—that insect which the great
Von Baer believed to be “in fact more highly organised
than a fish, although upon another type”? In the
complex struggle for life it is quite credible that crusta-
ceans, not very high in their own class, might beat
cephalopods, the highest molluses; and such crusta-
ceans, though not highly developed, would stand very
high in the scale of invertebrate animals if judged by
the most decisive of all trials—the law of battle. Be-
sides these inherent difficulties in deciding which forms
are the most advanced in organisation, we ought not
solely to compare the highest members of a class at
any two distant periods—though undoubtedly this is
one and perhaps the most important element in striking
a balance—but we ought to compare all the members,
high and low, at the two periods. At an ancient epoch
the highest and lowest molluses, namely, cephalopods
and brachiopods, swarmed in numbers: at the present
time both these orders have been greatly reduced,
whereas other orders, intermediate in grade of organi-
sation, have been largely increased ; consequently some
naturalists have maintained that molluses were formerly
more highly developed than at present; but a stronger
case can be made out on the other side, by considering
the vast reduction at the present day of the lowest
molluscs, more especially as the existing cephalopods,
though so few in number, are more highly organised
than their ancient representatives. We ought also to
consider the relative proportional numbers of the high
and low classes in the population of the world at any
two periods : if, for instance, at the present day there
be fifty thousand kinds of vertebrate animals, and if’
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we knew that at some former period only ten thousand
kinds had existed, we ought to look at this increase in
number of the highest class, which implies a great dis-
placement of lower forms, as a decided advance in the
organisation of the world, whether the higher or the
lower vertebrata had thus largely increased. We can
thus see how hopelessly difficult it will for

mbewmpnmthpuleﬁﬁnmnndumch

periods of the carth'’s

‘We shall appreciate nnder one important point of
view this difficulty the more clurly, by lmking to the
case of certain ummg and floras. From the
extraordinary manner in which European productions
have recently spread over New Zealand, and have seized
on places which must have been previously occupied,
we must believe, that if all the animals and plnnu of
Great Britain were set free in New Zealand, in the
course of time a multitude of British forms would be-
come thoroughly naturalized there, and would exter-
minate many of the natives. On the other hand, from
the progress of this displacement in New Zealand, and
from hardly a single inhabitant of the southern hemi-
sphere having become wild in any part of Europe, we
may well doubt, if all the productions of New Zealand
were set free in Great Britain, whether any considerable
number would be enabled to seize on places now occupied
by our native plants and animals. Under this point of
view, the productions of Great Britain may be said to
be higher than those of New Zealand. Yet the most
skilful naturalist from an examination of the species of
the two countries could not have foreseen this result.

Agassiz insists that ancient animals resemble to a
certain extent the embryos of recent animals of the
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same classes ; or that the geological succession of ex-
tinet forms is in some degree parallel with the embryo-
logical development of recent forms. I must follow
Pictet and Huxley in thinking that the truth of this
doctrine is far from proved. Yet I fully expect to see
it hereafter confirmed, at least in regard to subordinate
groups which have branched off from each other within
comparatively recent times, For this doctrine of Agassiz
accords admirably well with the theory of natural selec-
tion. Ina fature chapter I shall attempt to show that
the adult differs from its embryo, owing to variations
supervening at a not early age, and being inherited at
a corresponding age. This process, whilst it leaves the
embryo almost unaltered, continually adds, in the course
of successive generations, more and more difference to
the adult.

Thus the embryo comes to be left as a sort of picture,
preserved by nature, of the ancient and less modified
condition of each animal. This view may be true, and
yet it may never be capable of full proof. Seeing, for
instance, that the oldest known mammals, reptiles, and
fish strictly belong to their own proper classes, thongh
some of these olcl forms are in a slight degree less dis-
tinet from each other than are the typical members of
the same groups at the present day, it would be vain to
look for animals having the common embryological
character of the Vertebrata, until beds rich in fossils
are discovered far beneath the lowest Silurian stratum
—a discovery of which the chance is small.

On the Succession of the same Types within the same Areas,
during the later tertiary periods.

Mr. Clift many years ago showed that the fossil

mammals from the Australian caves were closely allied

to the living marsupials of that continent. In South
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America, a similar relationship is manifest, even to an
uneducated eye, in the glglnm pieces of armour, like
those of the armadillo, found in several parts of La
Plata; and Professor Owen has shown in the most
striking manner that most of the fossil mammals, buried
there in such numbers, are related to South American
types. This relationship is even more clearly seen in
the wonderful collection of fossil bones made by MM.
Lund and Clausen in the caves of Brazil. I was so
much impressed with these facts that I strongly insisted,
in 1839 and 1845, on this “law of the succession of
types,"—on “this wonderful relationship in the same
continent between the dead and the living.” Professor
Owen bas subsequently extended the same
tion to the mammals of the Old World. We see the
same law in this author’s restorations of the extinet and
gigantic birds of New Zealand. We see it also in the
birds of the caves of Brazil. Mr. Woodward has shown
that the same law holds good with sea-shells, but, from
the wide distribution of most genera of molluses, it is
not well displayed by them. Other cases could be
added, as the relation between the extinet and living
land-shells of Madeira; and between the extinct and
living brackish-water shells of the Aralo-Caspian Sea.
Now what does this remarkable law of the succes-
sion of the same types within the same areas mean?
He would be a bold man, who, after comparing the pre-
sent climate of Australia and of parts of South America
under the same latitude, would attempt to account, on
ﬂm one lmnd by dmxmﬂnr physical conditions, for the
these two
and, on the othor hand, by slnnhmy of conditions, for
the uniformity of the same types in each during the
later tertiary periods. Nor can it be pretended that it
is an immutable law that marsupials lhollld have been
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chiefly or solely produced in Australia; or that Eden-
tata and other American types should have been
solely produced in South America. For we know that
Europe in ancient times was peopled by numerous mar-
supials ; and I have shown in the publications above
alluded to, that in America the law of distribution of
terrestrial mammals was formerly different from what
it now is. North America formerly partook strongly
of the present character of the southern half of the con-
tinent ; and the southern half was formerly more closely
allied, than it is at present, to the northern half. Ina
similar manner we know, from Falconer and Cautley’s
discoveries, that northern India was formerly more
closely related in its mammals to Africa than it is at
the present time. Analogous facts could be given in
relation to the distribution of marine animals.

On the theory of descent with modification, the great
law of the long enduring, but not immutable, succession
of the same types within the same areas, is at once
explained; for the inhabitants of each quarter of the
world will obviously tend to leave in that quarter,
during the next succeeding period of time, closely
allied though in some degree modified descendants, If
the inhabitants of one continent formerly differed
greatly from those of another continent, so will their
modified descendants still differ in nearly the same
manner and degree. But after very long intervals of
time and after great geographical changes, permitting
much inter-migration, the feebler will yield to the
more dominant forms, and there will be nothing im-
mutable in the laws of past and present distribution.

It may be asked in ridicule, whether I suppose that
the megatherium and other allied huge monsters have
left behind them in South America, the sloth, armadillo,
and anteater, as their degenerate descendants. This
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cannot for an instant be admitted. These huge ani-
amals have become wholly extinet, and have left no pro-
geny. But in the caves of Brazil, there are many
extinet species which are closely allied in size and in
other characters to the species still living in South
America; and some of these fossils may have been the
actual progenitors of the living species. It must not
be forgotten that, on my theory, all the species of the
descendants

same genus are the of some one species ;
so that, if six genera, each having eight species, be found
in one geological fi ion, and in & ding forma-

tion there be six other allied or representative genera
with the same number of species, then we may con-
elude that generally only one species of each of the
older genera has left modified descendants, which con-
stitute the several species of the new genera ; the other
seven species of each of the old genera having died
out and left no progeny. Or, and this probably would
be a far commoner case, two or three species of only
two or three of the six older genera will have been the
parents of the new genera ; the other old species and the
other old whole genera having become utterly extinct,
In failing orders, with the genera and species decreasing
in numbers, as apparently is the case of the Edentata
of South America, still fewer genera and species will
leave modified blood-descendants,

Summary of the preceding and present Chapter.

1 have attempted to show that the geological record is
- extremely imperfect; that only a small portion of the
has been geologically explored with care; that
only certain classes of organic beings have been largely
preserved in a fossil state; that the number both of
W and of species, preserved in our museums, is

il as nothing compared with the incaleulal

T
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number of generations which must have passed away
even during a single formation; that, owing to sub-
sidence being almost necessary for the accumulation of
deposits rich in fossils and thick enough o resist future
degradation, enormous intervals of time have elapsed
between most of our successive formations; that there
has probably been more extinction during the periods
of subsidence, and more variation during the periods of
elevation, and during the latter the record will have
been least perfectly kept; that each single forma-
tion has not been continuously deposited; that the
duration of each formation is, probably, short compared
with the average duration of specific forms; that mi-
gration has played an important part in the first appear-
ance of new forms in any one area and formation ; that
widely ranging species are those which have varied
most frequently, and have oftenest given rise to new
species; that varieties have at first been local ; and
lastly, although each species must have passed through
numerous transitional stages, it is probable that the
periods, during which each underwent modification,
though many and long as measured by years, have been
short in comparison with the periods during which each
remained in an unchanged condition. -These causes,
taken conjointly, will to a large extent explain why—
though we do find many links between the species of
the same group—we do not find interminable varieties,
connecting together all extinet and existing forms by
the finest graduated steps. It should also be constantly
borne in mind that any linking varieties between two or
more forms, which might be found, would be ranked,
unless the whole chain could be perfectly restored, as so
many new and distinct species; for it is not pretended
that we have any sure criterion by which species and
varieties ean be discriminated.
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He who rejects these views on the imperfection of the
geological record, will rightly reject my whole theory.
For he may ask in vain where are the numberless
transitional links which must formerly have connected
the closely allied or representative species, found in the
successive stages of the same great formation? He
may disbelieve in the enormous intervals of time which
have elapsed between our consecutive formations; he
may overlook how important a part migration must
have played, when the formations of any one great
region alone, as that of Europe, are considered ; he may
urge the apparent, but often falsely apparent, sudden
coming in of whole groups of species. He may ask
where are the remains of those infinitely numerous
organisms which must have existed long before the
first bed of the Silurian system was deposited? We now
know that animals, and probably plants, lived at an
epoch immensely remote, long anterior to the primordial
zone of the Silurian system, but I can answer the above
question only by supposing that where our oceans now
extend they have extended for an enormous period, and
where our oscillating continents now stand they have
stood since the commencement of the Silurian epoch ;
but that, long before that period, the world presented a
widely different aspect ; and that the older continents,
formed of formations older than any lmown m o exist
now only as i a
or lie wholly buried under the ocean.

Passing from these difficulties, the other great lead-
ing facts in pal@ontology seem to me simply to follow
on the theory of descent with modification through
natural selection. We can thus understand how it is
that new species come in slowly and successively ; how
species of different classes do not necessarily change
together, or at the same rate, or in the same degree;

T2

@ The Complete Work of Charles Darwin Online



412 SUMMARY OF THE Cuar, X.

yet in the long run that all undergo modification to
some extent.. The extinction of old forms is the almost

i of the production of new forms,
We can understand why when a species has once
disappeared it never reappears, Groups of species
increase in numbers slowly, and endure for unequal
periods of time; for the process of modification is
necessarily slow, and depends on many complex con-
tingencies. The dominant species of the larger domi-
nant gronps tend to leave many modified descendants,
and thus new sub-groups and groups are formed. As
these are formed, the species of the less vigorous
groups, from their inferiority inherited from a common
progenitor, tend to become extinct together, and to
leave no modified offspring on the face of the earth.
But the utter extinction of a whole group of species
has sometimes been a slow process, from the survival of
a few descendants, lingering in protected and isolated
sitnations, When a group has once wholly disappeared,
it does not reappear; for the link of generation has
been broken.

‘We can understand how the spreading of the domi-
nant forms of life, which are those that oftenest vary,
will in the long run tend to people the world with
allied, but modified, descendants ; and these will gene-
rally succeed in taking the places of those groups of
species which are their inferiors in the struggle for
existence. Hence, after long intervals of time, the
productions of the world will appear to have changed
simultaneously.

We can understand how it is that all the forms of
life, ancient and recent, make together one grand
xynfem for all are connected by generation, We can

from the i mndenryto iverg
of character, why the more ancient a form is, the more
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it generally differs from those now living; why ancient
and extinct forms often tend to fill up gaps between
existing forms, sometimes blending two groups previ-
ously classed as distinet into one; but more commonly
only bringing them a little closer together. The more
ancient a form is, the more often, apparently, it dis-
plays characters in some degree intermediate between
groups now distinet ; for the more ancient a form is,
the more nearly it vn.ll be related to, and consequently
resemble, the common progenitor of groups, since be-
come widely divergent. Extinct forms are seldom
directly intermediate between existing forms ; but are
‘intermediate only by a long and cireuitous course
through many other extinet and different forms. We
can clearly see why the organie remains of closely con-
secutive formations are more eclosely allied to each
other, than are those of remote formations; for the
forms are more closely linked together by generation :

we can clearly see why the remunn of an inf

in

The mhblmnu of each successive period in the
world’s history must have beaten their predecessors in
the race for life, and are, in so far, higher in the scale
of nature, and their structure will generally have be-
come more specialised ; and this may account for that
ill-defined yet common sentiment, felt by many paleon-
tologists, that organisation on the whole has progressed.
If it should hereafter be proved that ancient animals
resemble to a certain extent the embryos of more
recent animals of the same class, the fact will be in-
telligible. The succession of the same types of struc-
ture within the same areas during the later geolog\ul
periods ceases to be ious, and is simply exy
by inheritance.

If then the geological record be as imperfect as I
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believe it to be, and it may at least be asserted that
the record cannot be proved to be much more perfect,
the main objections to the theory of natural selection
are greatly diminished or disappear. On the other
hand, all the chief laws of palmontology plainly pro-
-claim, as it seems to me, that species have been pro-
duced by ordinary generation: old forms having been
supplanted by new and improved forms of life, produced
by the laws of variation still acting round us, and pre-
served by Natural Selection.
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CHAPTER XL
(GEOGRAPHICAL DISTRIBUTION.

Present distribution cannot be accounted for by differences in phy-
sical conditions—Importance of- barriers—Affinity of the pro-
ductions of the same continent—Centres of creation—Means
of dispersal by changes of climate and of the level of the land,
and by cccasional means—Dispersal duriug the Glacial period
co-extensive with the world.

Iy considering the distribution of organic beings over
the face of the globe, the first great fact which strikes
us is, that neither the similarity nor the dissimilarity
of the inhabitants of various regions can be accounted
for by thel climatal and other physical conditions. Of
late, almost every author who has studied the sub)ect
has come to this conclusion. The case of

alone would almost suffice to prove its truth: for if we

exclude the northern parts where the circumpolar land

is almost continuous, all authors agree that one of the
most fund; 1 divisions in g hical distribu-
tion is that between the New and Old Worlds; yet
if we travel over the vast American continent, from
the central parts of the United States to its extreme
southern point, we meet with the most diversified con-
ditions; the most humid districts, arid deserts, lofty
mountains, grassy plains, forests, marshes, lakes, and
great rivers, under almost every temperature. Thereis
hardly a climate or condition in the Old World which
eannot be paralleled in the New—at least as closely
as the same species generally require; for it is a most
rare case to find a group of organisms confined to any

© The Complete Wark of Charles Darwin Online



416 GEOGRAPHICAL DISTRIBUTION!  Cuar XL

small spot, having conditions peculiar in only a slight
degree; for instance, small areas in the Old World can
be pointed out hotter than any in the New World, yet
'-heue are not mhlhud by a peculiar fauna or flora.

llelism in the conditions of
the Old and New Wurlds, how widely different are
their living productions !

In the southern hemisphere, if we compare large tracts
of land in Australia, South Africa, and western South
America, between latitudes 25° and 35° we shall find
parts extremely similar in all their conditions, yet it
would not be possible to point out three faunas and floras
more utterly dissimilar. Or again, we may compare
the productions of South America south of lat. 35° with
those north of 25°, which consequently are separated by
a space of ten degrees of latitude and live under a con-
siderably different climate, yet they are incomparably
more closely related to each other than theyare to the
productions of Australia or Africa under nearly the same
climate, Analogous facts could be given with respect
to the inhabitants of the sea.

A second great fact which strikes us in our general
review is, that barriers of any kind, or obstacles to free
migration, are related in a close and important manner
to the di between the productions of various
regions. We see this in the great difference of nearly
all the terrestrial productions of the New and Old
‘Worlds, excepting in the northern parts, where the
land almost joins, and where, under a slightly differ-
ent climate, there might have been free migration for
the northern temperate forms, as there now is for the
strictly arctic productions. We see the same fact in
the great diffe between the inhabif of Aus-
tralia, Africa, and South America under the same lati-
tude: for these countries are almost as much isolated
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from each other as is possible. On each continent,
also, we see the same fact; for on the opposite sides
, of lofty and continuous mountain- -ranges, and of great
deserts, and smnetunee even of large msn. we find dif-
ferent prod: ; thoughas ns, deserts,
&e., are not a8 impassable, orllkely to lmve endured
80 long, as the oceans lepuaung eontmen'.s, the differ-
ences are very inferior in degree to those characteristic
of distinet continents.

Turning to the sea, we find the same law. No two
marine faunas are more distinet, with hardly a fish,
shell, or erab in common, than those of the eastern and
western shores of South and Central America; yet
these great faunas are separated only by the narrow,
but impassable, isthmus of Panama. Westward of the
shores of America, a wide space of open ocean extends,
with not an island as a halting-place for emigrants;
here we have a barrier of another kind, and as soon as
this is passed we meet in the eastern islands of the
Pacific with another and totally distinet fauna. So
that here three marine faunas range far northward and
southward, in parallel lines not far from each other,
under corresponding climates; but from being sepa-
rated from each other by impassable barriers, either
of land or open sea, they are wholly distinct. On the
other hand, proceeding still farther westward from the
eastern islands of the tropical parts of the Pacific, we
encounter no impassable barriers, and we bave innu-
merable islands as halting-places, or continuous coasts,
until after travelling over a hemisphere we come to the
shores of Africa; and over this vast space we meet with
1o well-defined and distinet marine faunas. Although
bardly one shell, crab, or fish is common to the above-
named three approximate faunas of Eastern and Western
America and the eastern Pacific islands, yet many fish
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range from the Pacific into the Indian Ocean, and many
shells are common to the eastern islands of the Pacific
and the eastern shores of Africa, on almost exactly .
opposite meridians of longitude.

A third great fact, partly included in the foregoing
statements, is the affinity of the productions of the
same continent or sea, though the species themselves
are distinet at different points and stations. It is a
law of the widest generality, and every continent offers
i Ble i Novmtholams.ihs list, in
travelling, for instance, from north to south, never fails
to be struck by the manner in which successive groups
of beings, specifically distinct, yet clearly related, re-
place each other. He hears from closely allied, yet
distinet kinds of birds, notes nearly similar, and sees
their nests similarly constructed, but not quite alike,
with eggs coloured in nearly the same manner. The
plains near the Straits of Magellan are inhabited by one
species of Rhea (American ostrich), and northward the
plains of La Plata by another speeies of the same
genus; and not by a true ostrich or emu, like those
found in Africa and Australia under the same latitude.
On these same plains of La Plata, we see the agouti
and bizeacha, animals having nearly the same habits
as our hares and rabbits and belonging to the same
order of Rodents, but they plainly display an American
type of structure. We ascend the lofty peaks of the
Cordillera, and we find an alpine species of bizcacha ;
we look to the waters, and we do not find the beaver or
musk-rat, but the coypu and capybara, rodents of the
American type. Innumerable other instances could be
given. If we look to the islands off the American
shore, however much they may differ in geological
structare, the inhabitants, thongh they may be all pecu-
liar species, ave essentially American. We may look
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back to past ages, as shown in the last chapter, and we
find American types then prevalent on the American
continent and in the American seas. We see in these
facts some deep organie bond, prevailing throughout
space and time, over the same areas of land and water,
and independent of their physical conditions. The
naturalist must feel little curiosity, who is not led to
inquire what this bond is.

This bond, on my theory, is simply inheritance, that
cause which alone, as far as we positively know, pro-
duces organisms quite like, or, as we see in the case
of varieties, nearly like each other. The dissimilarity
of the inhabitants of different regions may be attributed
to modification through natural selection, and in a quite
subordinate degree to the direct influence of different
physical conditions. The degree of dissimilarity will
depend on the mig'mtion of the more dominant forms of
life from one region into another having been effected
with more or less ease, at periods more or less remote ;—
on the nature and number of the former immigrants;
—and on their action and reaction, in their mutual
struggles for life ;—the relation of organism to organism
being, as I have already often remarked, the most im-
portant of all relations. Thus the high importance
of barriers comes into play by checking migration; as
does time for the slow process of modification through
natural selection. Widely-ranging species, abounding
in individuals, which have already triumphed over many

peti in their own widely-extended homes, will
lave the best chance of seizing on new places, when
they spread into new countries, In their new homes
they will be exposed to new conditions, and will fre-
quently undergo further modification and improvement;
and thus they will become still further victorious, and
will produce groups of modified descendants, On this
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principle of inheritance with modification, we can under-
stand how it is that sections of genera, whole genera,
and even families, are confined to the same areas, as is
s0 commonly and notoriously the case.

1 believe, as was ramnrked in the last chapter, in no
law of As the varial of each
species is an mdependent property, and will be taken
advantage of by natural selection, only so far as it profits
the individual in its complex struggle for life, so the
degree of modification in different species will be no
uniform quantity. If a number of species, after having
long oompeﬁed with each other in their old home, were
to migrate in a body into a new and afterwards isolated
country, they would be little liable to modification ; for
neither migration nor isolation in themselves can do
anything. These principles come into play only by
bringing organisms into new relations with each other,
and in a lesser degree with the surrounding physical
conditions. As we have seen in the last chapter that
some forms have retained nearly the same character
from an enormously remote geological period, so certain
species have migrated over vast spaces, and have not
become greatly or at all modified.

On these views, it is obvious that the several species
of the same genus, though inhabiting the most distant
quarters of the world, must originally have proceeded
from the same source, as they have descended from
the same progenitor. In the case of those species,
which haye undergone during whole geological periods
but little modification, there is not much difficulty in
believing that they may have migrated from the same
region ; for during the vast geographical and climatal
changes which will have supervened since ancient times,
almost any amount of migration is possible. But in
many other cases, in which we have reason to believe
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that the species of a genus have been produced within
comparatively recent times, there is great difficulty on
this head. Tt is also obvious that the individuals of the
same species, though now inhabiting distant and isolated
regions, must have proceeded from one spot, where their
parents were first prodnced fur, as exp]mned in the last
chapter, it is incredible that i identically the
same should have been produced through natural selee-
tion from parents specifically distinct.

Single Centres of supposed Creatim—We are thus |,
Yrought to the question which has been largely dis-
cussed by naturalists, namely, whether species have
beet:created at one or more points of the earth’s surface.
Undoubtedly there are many cases of extreme difficulty
in understanding how the same species could possibly
have migrated from some one point to the several
distant and isolated points, where now found, Never-
theless the simplicity of the view that each species was
first produced within a single region captivates the mind.
He who rejects lt, rejects the vera causa of ordinary

ion with and calls in the
agency of a miracle. It is universally admitted, that
in most cases the area inhabited by a species is con-
tinuous; and when a plant or animal inhabits two
points so distant from each other, or with an interval of
such a nature, that the space could not be easily passed
over by migration, the fact is given as something re-
markable and exceptional. The capacity of migrating
across the sea is more d)stmcﬂy limited in terrestrial
mammals, thun perhaps in any o(hor orgn.mc beings ;
and, 1y, we find no cases of the
same mammal mhsbmng distant points of the world.
No geologist will feel any difficulty in such cases as
Great Britain lmvmg been formerly nmted to Europe,
and the same q ipeds,  But
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if the same species can be produced at two separate
points, why do we not find a single mammal common

_ to Europe and Australia or South America? The con-
ditions of life are nearly the same, so that a multitude
of European animals and plants have become naturalised
in America and Australia; and some of the aboriginal
plants are identically the same at these distant points
of the northern and southern hemispheres? The an-
swer, as I believe, is, that mammals have not been able
to migrate, whereas some plants, from their varied
means of dispersal, have migrated across the vast and
broken interspace. The great and striking influence
which barriers of every kind have had on distribution,
is intelligible only on the view that the great majority
of species have been produced on one side alone, and
have not been able to migrate to the other side. Some
few families, many sub-families, very many genera, and
a still greater number of sections of genera, are confined
to a single region; and it has been observed by several
naturalists, that the most natural genera, or those genera
in which the species are most closely related to each
other, are generally confined to the same country, or if
they have a wide range that their range is continuous.
What a strange anomaly it would be if a directly opposite
rule were to prevail, when we go down one step lower in
the series, namely, to the individuals of the same species,
and these had not been, at least at first, confined to
some one region !

Hence it seems to me, as it has to many other
naturalists, that the view of each species having been
produced in one area alone, and having subsequently
migrated from that area as far as its powers of migration
and subsistence under past and present conditions per-
mitted, is the most probable. Undoubtedly many cases
occur, in which we cannot explain how the same species
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could have passed from one point to the other. But
the geographical and climatal changes, which have
certainly occurred within recent geological times, must
have interrupted or rendered discontinuous the formerly
continuous range of many species. So that we are re-
duced to consider whether the exceptions to continuity
of range are so numerous and of so grave a nature,
that we ought to give up the belief, rendered probable
by general considerations, that each species has been
produced within one area, and has migrated thence as
far as it could. It would be hopelessly tedious to
discuss all the exceptional cases of the same species,
now living at distant and separated points; nor do I
for a moment pretend that any explanation could be
offered of many such cases. But after some preliminary
remarks, T will discuss a few of the most striking classes
of facts ; namely, the existence of the same species on
the summits of distant mountain-ranges, and at distant
points in the arctic and antarctic regions; and secondly
(in the following chapter), the wide distribution of fresh-
water productions ; and thirdly, the occurrence of the
same terrestrial species on islands and on the mainland,
though separated by hundreds of miles of vpen sea. If
the existence of the same species at distant and isolated
points of the earth’s surface, can in many instances be
explained on the view of each species having migrated
from a single Birthplace; then, considering our ignor-
ance with respect to former climatal and geographical
changes and various occasional means of transport, the
belief that this has been the universal law, seems to me
incomparably the safest.

In discussing this subject, we shall be enabled at the
same time to consider a point equally important for us,
namely, whether the several distinet species of a genus,
which on my theory have all descended from a common
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progenitor, can have migrated (undergoing modification
during some part of their migration) from the area
inhabited by their progenitor. If it can be shown to
be almost invariably the case, that a region, of which
most of its inhabitants are eclosely related to, or belong
to the same genera with, the species of a second region,
has probably received at some former period immigrants
from this other region, my theory will be strengthened ;
for we can clearly understand, on the principle of modi-
fication, why the inhabitants of a region should be
related to those of another region, whence it has been
stocked. A voleanic island, for instance, upheaved and
formed at the distance of a few hundreds of miles from
a continent, would probably receive from it in the course
of time a few colonists, and their descendants, though
modified, would still be plainly related by inheritance to
the inhabitants of that continent. Cases of this nature
are common, and are, as we shall hereafter more fully
see, inexplicable on the theory of independent creation.
This view of the relation of species in one region to
those in another, does not differ much (by substituting
the word variety for species) from that lately advanced
in an ingemious paper by Mr. Wallace, in which he
concludes that “every species has come into existence
coincident both in space and time with a pre-existing
closely allied species.” And I now know from corre-

pond that this coincidence he attributes to gene-
ration with modification.

The previous remarks on “ single and multiple centres
of ereation ” do not directly bear on another allied ques-
tion,—namely, whether all the individuals of the same
species have descended from a single pair, or single
hermaphrodite, or whether, as some authors suppose,
from many individuals simultaneously created. With
organic beings which never intercross (if such exist),

@ The Comblete Work of Charles Darwin Online.




Cuar, XL MEANS OF DISPERSAL. 425

each species, on my theory, must have descended from
a succession of improved varieties, which can never
have blended with other individuals or varieties, but
will have supplanted each other; so that, at each suc-
cessive stage of modification and improvement, all the
individuals of each variety will have descended from
a single parent. Butinthegn-tmpntyoleua.
namely, with all organisms which habitually unite for
each birth, or which often intercross, I believe that
during the slow process of modification the individuals
of the species will have been kept nearly uniform by
intercrossing ; so that many individuals will have gone
on simultaneously changing, and the whole amount of
modification will not havé been due, at each stage, to
descent from a single parent. To illustrate what T
mean: our English race-horses differ from the horses
of every other breed; but they do not owe their supe-
riority and difference to descent from my single pair,
but to continued care in selecting and training many
individuals during each generation.

Before discussing the three classes of facts, which I
have selected as presenting the greatest amount of diffi-
culty on the theory of “single centres of: creation,” I
must say a few words on the means of dispersal.

Means of Dispersal.

Sir C. Lyell and other authors have ably treated this
subject. Ican give here only the briefest abstract of
the more important facts. Change of climate must
have had a powerful influence on migration: a region
when its climate was different may have been a high
road for migration, but now be impassable; I l\ul.l,
however, presently have to discuss this branch of
subject in some detail Cln.nguotlevelmthahnd
must also have been highly influential :  narrow isthmus
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now separates two marine faunas; submerge it, or let
it formerly have been submerged, and the two faunas
will now blend or may formerly have blended : where
the sea now extends, land may at a former period have
connected islands or possibly even continents together,
and thus have allowed terrestrial productions to pass
from one to the other. No geologist will dispute that
great mutations of level have occurred within the period
of existing organisms. Edward Forbes insisted that all
the islands in the Atlantic must recently have been
connected with Europe or Africa, and Europe likewise
with America. Other authors have thus hypothetically
bridged over every ocean, and have united almost every
island to some mainland. If indeed the used
by Forbes are to be trusted, it must be admitted that
scarcely a single island exists which has not recently
been united to some continent. This view cuts the
Gordian knot of the dispersal of the same species to the
most distant points, and removes many a difficulty : but
to the best of my judgment we are not authorized in

d suc ical changes within
the perwd of existing species. It seems to me that we
have abundant evidence of great oscillations of level in
our continents; but not of such vast changes in their
position and extension, as to have united them within
the recent period to each other and to the several inter-
vening oceanic islands. I freely admit the former ex-
istence of many islands, now buried beneath the sea,
which may have served as halting-places for plants
and for many animals during their migration. In the
coral-producing oceans such sunken islands are now
marked by rings of coral or atolls standing over them.
‘Whenever it is fully admitted, as no doubt it will some
day be, that each species has proceeded from a single
birthplace, and when in the course of time we know

@ The Complete Work of Charles Darwin Qnline



Citar. XL MEANS OF DISPERSAL. 427

something definite about the means of distribution, we
shall be enabled to speculate with security on the former
extension of the land. But I do not believe that it will
ever be proved that within the recent period continents
which are now quite separate, have been continuously,
or almost continuously, united with each other, and with
the many existing oceanic islands. Several facts in
distribution,—such as the great difference in the marine
faunas on the opposite sides of almost every continent,—
the close relation of the tertiary inhabitants of several
lands and even seas to their present inhabitants,—the
degree of affinity between the mammals inhabiting
islands with those of the nearest continent, being in
part determined (as we shall hereafter see) by the
depth of the intervening ocean,—these and other such
ﬁwts seem to me opposed to the admission of sdch
within the recent
penod as are necessitated on the view advanced by
Forbes and admitted by his many followers. The nature
and relative proportions of the inhabitants of oceanic
islands likewise seem to me opposed to the belief of
their former continuity with continents. Nor does the
almost universally volcanic composition of such islands
fayour the admission that they are the wrecks of sunken
;—if they had originally existed as i
ranges on the land, some at least of the islands would
have been formed, like other mountain-summits, of
granite, metamorphic schists, old fossiliferous or other
such rocks, instead of consisting of mere piles of vol-
canic matter.

I must now say a few words on what are called acei-
dental means, but which more properly should be called
occasional means of distribution. I shall here confine
myself to plants. In botanical works, this or that plant
is stated to be ill adapted for wide dissemination; but
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for transport across the sea, the greater or less facilities
may be said to be almost wholly unknown. Until I
tried, with Mr. Berkeley’s aid, a few experiments, it
was not even known how far seeds could resist the inju-
rious action of sea-water. To my surprise I found that
out of 87 kinds, 64 germinated after an immersion of
28 days, and a few survived an immersion of 137 days.
It deserves notice that certain orders were far more in-
jured than others: nine Leguminoswe were tried, and,
with one exception, they resisted the salt-water badly ;
seven species of the allied orders, Hydrophyllaces and
Polemoniaces, were all killed by a month’s immersion,
For convenience’ sake I chiefly tried small seeds, without
the capsule or fruit; and as all of these sank in a few
days, they could not have been floated across wide spaces
of the sea, whether or not they were injured by the salt-
water, Afterwards I tried some larger fruits, capsules,
&e., and some of these floated for a long time. Tt is
well known what a difference there is in the buoyancy
of green and seasoned timber; and it occurred to me
that floods might wash down plants or branches, and
that these might be dried on the banks, and then by a
fresh rise in the stream be washed into the sea. Hence
I was led to dry stems and branches of 94 plants with
ripe fruit, and to place them on sea-water. The ma-
jority sank quickly, but some, which whilst green floated
for a very short time, when dried floated much longer;
for instance, ripe hazel-nuts sank immediately, but when
dried they floated for 90 days, and afterwards when
planted they germinated ; an asparagus-plant with ripe
berries floated for 23 days, when dried it floated for
85 days, and the seeds afterwards germinated; the
ripe seeds of Helosciadium sank in two days, when dried
they floated for above 90 days, and afterwards germi-
nated. Altogether, out of the 94 dried plants, 18 floated
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for above 28 days, and some of the 18 floated for a
very much longer period. So that as $# seeds germi-
nated after an immersion of 28 days; and as 3% plants
with ripe fruit (but not all the same species as in the
foregoing experiment) floated, after being dried, for
above 28 days, as far as we may infer anything from
these scanty facts, we may conclude that the seeds of
+4% plants of any country might be floated by sea-
currents during 28 days, and would retain their power
of germination. In Johnston's Physical Atlas, the ave-
rage rate of the several Atlantic currents is 33 miles per
diem (some currents running at the rate of 60 miles
per diem); on this average, the seeds of 4% plants
belonging to one country might be floated across 924
miles of sea to another country; and when stranded, if
blown to a favourable spot by an inland gale, they
would germinate.

Subsequently to my experiments, M. Martens tried
similar ones, but in a much better manner, for he
placed the seeds in a box in the actual sea, so that they
were alternately wet and exposed to the air like really
floating plants. He tried 98 seeds, mostly different
from mine; but he chose many large fruits and likewise
seeds from plants which live near the sea; and this
would have favoured the average length of their flota-
tion and of their resistance to the injurious action of the
salt-water. On the other hand, he did not previously
dry the plants or branches with the fruit; and this, as
we have seen, would have caused some of them to have
floated much longer. The result was that 4§ of his
seeds floated for 42 days, and were then capable of ger-
mination. But 1 do not doubt that plants exposed to
the waves would float for a less time than those pro-
tected from violent movement as in our experiments.
Therefore it would perhaps be safer to assume that the
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seeds of about ¢ plants of a flora, after having been
dried, could be floated across a space of sea 900 miles
in width, and would then germinate. The fact of the
larger fruits often floating longer than the small, is
interesting ; as plants with large seeds or fruit could
hardly be transported by any other means ; and Alph.
de Candolle has shown that such plants generally have
restricted ranges.

But seeds may be occasionally transported in another
manner. Drift timber is thrown up on most islands,
even on those in the midst of the widest oceans; and
the natives of the coral-islands in the Pacific procure
stones for their tools, solely from the roots of drifted
trees, these stones being a valuable royal tax. T find
on examination, that when irregnlarly shaped stones
are embedded in the roots of trees, small parcels of
earth are very frequently enclosed in their interstices
and behind them,—so perfectly that not a particle
could be washed away in the longest transport: out of
one small portion of earth thus eompletely enclosed by
wood in an oak about 50 years old, three dicotyledo-
nous plants germinated: I am certain of the accuracy
of this observation. Again, I can show that the car-
cases of birds, when floating on the sea, sometimes
escape being immediately devoured ; and-seeds of many
kinds in the crops of floating birds long retain their
vitality : peas and vetches, for instance, are killed by
even a few days’ immersion in sea-water; but some
taken out of the crop of a pigeon, which had floated on
artificial salt-water for 30 days, to my surprise nearly all
germinated.

Living birds can hardly fail to be highly effective
agents in the transportation of seeds. I could give
many facts showing how frequently birds of many kinds
are blown by gales to vast distances across the ocean.
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We may safely assume that under such circumstances
their rate of flight would often be 35 miles an hour;
and some authors have given a far higher estimate. 1
bave never seen an instance of nutritious seeds passing
through the intestines of a bird ; but hard seeds of fruit
pass uninjured through even the digestive organs of a
turkey. In the course of two months, I picked up in
my garden 12 kinds of seeds, out of the excrement
of small birds, and these seemed perfect, and some of
them, which were tried, But the following
fuet is more important: the crops of birds do not secrete
gastric juice, and do not in the least injure, as I know
by trial, the germination of seeds ; now, after a bird has
found and devoured a large supply of food, it is positively
asserted that all the grains do not pass into the gizzard
for twelve or even eighteen hours. A bird in this in-
terval might easily be blown to the distance of 500 miles,
and hawks are known to look out for tired birds, and
the contents of their torn erops might thus readily get
scattercd. Some bawks and owls bolt their prey whole,

of different birds of prey; and two seeds of beet grew
after having been thus retained for two days and four-
teen hours, Fresh-water fish, I find, eat seeds of many
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pellets or passed them in their excrement; and several
of these seeds retained their power of germination.
Certain seeds, however, were always killed by this

process.

Although the beaks and feet of birds are generally
quite clean, earth sometimes adheres to them: in one
case I removed sixty-one grains, and in another case
twenty-two grains of dry argillaceous earth from one
foot of a partridge, and in the earth there was a pebble
qmte as luxge as the seed of a vetch. Thus seeds might

d to great dist: 3 for many
facts could be gnen showing that soil ulmost every-
where is charged with seeds. I will give one case:—
Mr. Newton sent me the leg of a red-legged partridge
(Caceabis rufa) which had been wounded and could not
fly ; round the wounded leg and foot a ball of hard
earth had collected, and this when removed weighed six
and a half ounces. This earth had been kept for three
years, but when broken, watered and placed under a
bell glass, no less than 82 plants sprung up from it:
these consisted of 12 monocotyledons, including the
common oat, and at least one kind of grass, and of
70 dicotyledons, which included, judging from the young
leaves, at least three distinet species. With such facts
before us, can we doubt that the many birds which are
annually blown by gales across great spaces of ocean,
and which annually migrate—for instance, the millions
of quails across the Mediterranean—must occasionally
transport a few seeds embedded in dirt adhering to
their feet? But I shall presently have to recur to this
subject.

As icebergs are known to be sometimes loaded with
earth and stones, and have even carried brushwood,
bones, and the nest of a land-bird, it can hardly be
doubted that they must occasionally, as suggested by
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Lyell, have transported seeds from one part to another
of the arctic and antarctic regions; and durmg the
Glacial period from one part of the now temperate
regions to another. In the Azores, from the larga
number of plants common to Europe, in comparison
with the species in the other Atlantic islands which
stand nearer to the mainland, and (as remarked by
Mr. H. C. Watson) from their somewhat northern cha-
racter in comparison with the latitude, I suspected that
these islands had been partly stocked by ice-borne
seeds, during the Glacial epoch. At my request Sir
O. Lyell wrote to M. Hartung to inquire whether he
had observed erratic boulders on these islands, and he
answered that he had found large fragments of granite
and other rocks, which do not occur in the archipelago.
Hence we may safely infer that icebergs formerly landed
their rocky burthens on the shores of these mid-ocean
islands, and it is at least possible that they may have
brought thither the seeds of northern plants.
Considering that these several means of transport,
and that several other means, which without doubt
remain to be discovered, have been in action year after
year, for tens of thousands of years, it would I think be
a marvellous fact if many plants had not thus become
widely transported. These means of transport are some-
times called accidental, but this is not strictly correct:
the cwrrents of the sea are not accidental, nor is the
direction of prevalent gales of wind. It should be ob-
served that scarcely any means of transport would carry
seeds for very great distances; for seeds do not retain
their vitality when exposed for a great length of time to
the action of sea-water ; nor could they be long carried in
the crops or intestines of birds. These means, however,
would suffice for occasional transport across tracts of sea
some hundred miles in breadth, or from island to island,
u
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or from a continent to a neighbouring island, but not
from one distant continent to another. The floras of
distant continents would not by such means become
mingled in any great degree; but would remain as dis-
tinet as we now see them to be. The currents, from
their course, would never bring seeds from North
America to Britain, though they might and do bring
seeds from the West Indies to our western shores, where,
if not killed by so long an immersion in salt-water,
they could not endure our climate. Almost every year,
one or two land-birds are blown across the whole
Atlantic Ocean, from North America to the western
shores of Ireland and England; but seeds could be
transported by these rare wanderers only by one means,
namely, by dirt adhering to their feet, which is in itself
a rare accident. Even in this case, how small would
the chance be of a seed falling on favourable soil, and
coming to maturity! But it would be a great error to
argue that because a well-stocked island, like Great
Britain, has not, as far as is known (and it would be very
dificult to prove this), received within the lnst fow

turies, through i means of ip im-
migrants from Europe or any other continent, that
a poorly-stocked island, though standing more remote
from the mainland, would not receive colonists by similar
means. Out of twenty seeds or animals transported
to an island, even if far less well-stocked than Britain,
perhaps not more than one would be so well fitted to its
new home, as to become naturalised. But this, as it
seems to me, is no valid argument against what would
be effected by occasional means of transport, during the
long Iapse of geological time, whilst an island was being
upheaved, and before it had become fully stocked with
inhabitants. On almost bare land, with few or no de-
structive insects or birds living there, nearly every seed
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which chanced to arrive, if fitted for the climate, would
be sure to germinate and survive.

Dispersal during the Glacial Period.

The identity of many plants and animals, on moun-
tain-summits, separated from each other by hundreds of
miles of lowlands, where Alpine species could not pos-
sibly exist, is one of the most striking cases known of
the same species living at distant points, without the
apparent possibility of their having migrated from one
point to the other. It is indeed a remarkable fact to
see so many plants of the same species living on the
snowy regions of the Alps or Pyrenees, and in the
extreme northern parts of Europe; but it is far more
remarkable, that the plants on the White Mountains, in
the United States of America, are all the same with
those of Labrador, and nearly all the same, as we hear
from Asa Gray, with those on the loftiest mountains of
Europe. Even as long ago as 1747, such facts led
Gmelin to conclude that the same species must have
been independently created at 1 distinet points; and
we might have remained in this same belief, had not
Agassiz and others called vivid attention to the Glacial
period, which, as we shall immediately see, affords a
simple explanation of these facts, We have evidence
of almost every conceivable kind, organic and inorganie,
that, within & very recent geological period, central
“Burope and North America suffered under an arctic
climate. The ruins of a house burnt by fire do not
tell their tale more plainly, than do the mountains of
Scotland and Wales, with their scored flanks, polished
surfaces, and perched boulders, of the icy streams with
which their valleys were lately filled. So greatly has
the climate of Europe changed, that in Northern Italy,
gigantic moraines, left by old glaciers, are now elothed

uv2
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by the vine and maize. Throughout a large part of the
United States, erratic boulders, and rocks scored by
drifted icebergs and coast-ice, plainly reveal a former
ocold period.

The former influence of the glacial climate on '.he
distribution of the inhabil of Europe, as 1
with remarkable clearness by Edward Forbes, s sub-
stantially as follows. But we shall follow the changes
more readily, by supposing a new glacial period to come
slowly on, and then pass away, as formerly occurred. As
the cold came on, and as each more southern zone became
fitted for arctic beings and ill-fitted for their former
more temperate inkabitants, the latter would be sup-
planted and arctic productions would take their places.
The inhabitants of the more temperate regions would
at the same time travel southward, unless they were
stopped by barriers, in which case they would perish.
The mountains would become covered with snow and
ice, and their former Alpine inhabitants would descend
to the plains. By the time that the cold had reached
its maximum, we should have a uniform arctic fauna
and flora, covering the central parts of Europe, as far
sonth as the Alps and Pyrenees, and even stretching
into Spain. The now temperate regions of the United
States would likewise be covered by arctic plants and
animals, and these would be nearly the same with those
of Europe; for the present circumpolar inhabitants,
which we suppose to have everywhere travelled south-
ward, are remarkably uniform round the world. We may
suppose that the Glacial period came on a little earlier
or later in North America than in Europe, so will the
southern migration there have been a little earlier or
later; but this makes no difference in the final result.

As the warmth returned, the arctic forms would re-
treat northward, closely followed up in their retreat by
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the productions of the more regions, And
as the snow melted from the bases of the mountains,
the arctic forms would seize on the cleared and thawed
ground, always ascending, as the warmth increased and
the snow still further disappeared, higher and higher,
whilst their brethren were pursuing their northern
journey. Hence, when the warmth had fully returned,
the same species, which had lately lived together in a
body on the European and North American lowlands,
would be found in the arctic regions of the Old and New
‘Worlds, and isolated on many mountain-summits far
distant from each other, having been exterminated on
all lesser heights,

Thus we can understand the identity of many plants
at points so immensely remote as on the mountains
of the United States and of Europe. We can thus also
understand the fact that the Alplno plants of each

ge are more especially related to the arctic
forms living due north or nearly due north of them: for
the first migration when the cold came on, and the re-
migration on the returning warmth, would generally
have been due south and north. The Alpine plants, for
example, of Scotland, as remarked by Mr. H. C. Watson,
and those of the Pyrences, as remarked by Ramond, are
more especially allied to the plants of northern Scan-
dinavia; those of the United States to Labrador; those
of the mountains of Siberia to the arctic regions of that
country. These views, grounded as they are on the
perfectly well-ascertained occurrence of a former Gla-
cial period, seem to me to explain in so satisfactory
a manner the present distribution of the Alpine and
Aretic productions of Europe and America, that when in
other regions we find the same species on distant moun-
tain-summits, we may almost conclude, without other
evidence, that a colder climate formerly permitted their
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migration across the intervening lowlands, now become
too warm for their existence.

As the arctic forms moved first southward and after-
wards backwards to the north, in unison with the changing
climate, they will not have been exposed during their
long migrations to any great diversity of temperature,
and as they will all have migrated in a body together,
their mutual relrmons will not huvs been much dmaxxbed.
Hence, in with
in this volume, these forms will not have been liable to
much modification. But with the Alpine productions,
left isolated from the moment of the returning warm
first at the bases and ultimately on the summits of
the mountains, the case will have been somewhat dif-
ferent ; for it is not likely that all the same arctic spe-
cies will have been left on mountain-ranges far distant
from each other, and have survived there ever since;
they will, oo, in all probability, have becomo mingled
with ancient Alpine species, which must have existed
on the before the of the
Glacial epoch, and which during its coldest period will
have been temporarily driven down to the plains; they
will, also, have been exposed to somewhat different cli-
matal influences. Their mutual relations will thus have
been in some degree disturbed ; consequently they will
have been liable to modification ; and this we find has
been the case; for if we compare the present Alpine
plants and animals of the several great European
mountain-ranges one with another, though many of the
species still remain identically the same, some exist as
varicties, some as doubtful forms or sub-species, and
some as certainly distinct yet closely allied species
representing each other on the several ranges.

In illustrating what, as I believe, actually took place
during the Glacial period, I have assumed that at its
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commencement the arctic productions were as uniform
round the polar regions as they are at the present day.
But the foregoing remarks on distribution apply not
only to strictly arctic forms, but also to many sub-arctic
and to some few northern temperate forms, for some of
these are the same on the lower mountain-slopes and on
the plains of North America and Europe ; and it may
be asked how I account for this degree of uniformity
in the sub-arctic and temperate forms round the world,
at the commencement of the Glacial period. At the
present day, the sub-arctic and northern temperate
productions of the Old and New Worlds are separated
from each other by the whole Atlantic Ocean and by
the northern part of the Pacific. During the Glacial
period, when the inhabitants of the Old and New
Worlds lived farther southwards than they do at pre-
sent, they must have been still more completely sepa-
rated from each other by wider spaces of ocean; so
that it may well be asked how the same species could
have entered two regions then so widely separated. The
explanation, I believe, lies in the nature of the climate
before the commencement of the Glacial period. During
this, the newer Pliocene period, when the majority of
the inhabitants of the world were specifically the same
as now, we have good reason to believe that the climate
was warmer than at the present day. Hence we may
suppose that the organisms which now live under lati-
tude 60°, during the Pliocene period lived farther north
under the Polar Circle, in latitude 66°-67°; and that
the present arctic productions then lived on the broken
land still nearer to the pole. Now, if we look at a
terrestrial globe, we see that under the Polar Circle
there is almost continuous land from western Europe,
through Siberia, to eastern America. And to this eon-
tinuity of the circumpolar land, and to the consequent
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freedom under a more favourable climate for intermigra-
tion, I attribute a considerable degree of uniformity in
the sub-arctic and northern temperate productions of
the Old and New Worlds, at a period anterior to the
Glacial epoch.

Believing, from reasons before alluded to, that our
continents have long remained in nearly the ssme reln
tive position, though subjected to large, buf
oscillations of level, I am strongly inclined w extend
the above view, and to infer that during some still
earlier and still warmer period, such as the older Plio-
cene period, a large number of the same plnnzs and
animals inhabited the almost i
land; and that these plants and animals, both in the
0ld and New Worlds, began slowly to migrate south-
wards as the climate became less warm, long before the
commencement of the Glacial period. 'We now see, as
T believe, their descendants, mostly in a modified con-
dition, in the central parts of Europe and the United
States. On this view we can understand the relation-
ship, with very little identity, between the productions
of North America and Europe,—a relationship which is
highly remarkable, gonsidering the distance of the two
areas, and their separation by the whole Atlantic Ocean.
‘We can further understand the singular fact remarked
on by several observers, that the productions of Europe
and America during the latter tertiary stages were more
closely related to each other than they are at the pre-
sent time ; for during these warmer periods the northern
parts of the Old and New Worlds will have been almost
continuously united by land, serving as a bridge, since
rendered impassable by cold, for the intermigration of
their inhabitants.

During the slowly decreasing warmth of the Pliocene
period, as soon as the species in common, which inha~
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bited the New and Old Worlds, had migrated south
of the Polar Circle, they would have been completely
cut off from each other. This separation, as far as
the more 3 fieti are d, took
place long ages ago. And as the plants and animals
migrated southward, they would have been liable to
become mingled in the one great region with the native
American productions, and would have had to compete
with them; and in the other great region, with those
of the Old World. Consequently we have here every-
thing favourable for much modification,— for far more
modification than with the Alpine productions, left
isolated, within a much more recent period, on the
several mountain-ranges and on the arctic lands of
Burope and N. America. Hence it has come, that
when we compare the now living productions of the
temperate regions of the New and Old Worlds, we find
very few identical species (though Asa Gray has lately
shown that more plants are identical than was formerly
supposed), but we find in every great class many forms,
which some naturalists rank as geographical races, and
others as distinet species; and a host of closely allied
or represeni?ive forms which are ranked by all natu-
ralists as spetifically distinet.

As on the land, so in the waters of the sea, a slow
southern migration of a marine fauna, which, during
the Pliocene or even a somewhat earlier period, was
nearly uniform along the continuous shores of the Polar
Cirele, will account, on the theory of modification, for
many closely allied forms now living in marine areas
completely sundered. Thus, I think, we can understand
the presence of some still existing and of some tertiary
closely allied forms on the eastern and western shores
of temperate North America ; and the still more striking
case of many closely allied crustaceans (as described in

v 3
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Dana’s admirable work), of some fish and other marine
animals, in the Mediterranean and in the seas of
Japan,—these two areas being now completely sepa-
rated by the breadth of & Whole continent and by a
wide space of ocean.

These cases of close relationship in many species
either now or formerly inhabiting the seas on the
eastern and western shores of North America, the
Mediterranean and Japan, and the temperate lands of
North Ameriea and Europe, are inexplicable on the
theory of ereation. We cannot maintain that such
species have been created alike, in correspondence with
the nearly similar physical conditions of the areas;
for if we compare, for instance, certain parts of South
America with parts of South Africa or Australia, we
see countries elosely similar in all their physical condi-
tions, but with inhabitants utterly dissimilar.

Mundane Glacial Period.

But we must return to our more immediate subject.
I am convinced that Forbes’s view may be largely ex-
tended. In Europe we meet with the plainest evidence
of the Glacial period, from the western shores of Britain
to the Oural range, and southward to the Pyrenees.
We may infer from the frozen mammals and nature
of the mountain vegetation, that Siberia was similarly
affected. In the Lebanon, actording to Dr. Hooker,
perpetual snow formerly covered the central axis, and
fed glaciers which rolled 4000 feet down its valleys.
Along the Himalaya, at points 900 miles apart, glaciers
have left the marks of their former low descent; and
in Sikkim, Dr. Hooker saw maize growing on gigantic
ancient i Bouthward of the great
of Asia, on the opposite side of the equator, we now
know, from the excellent researches of Dr. J. Haast and
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Dr. Hector, that enormous glaciers formerly descended
to a low level in New Zealand; and the same plants
found by Dr. Hooker on widely separated mountains in
this island tell the same story of a former cold period.
From facts lately communicated to me by the Rev.
W. B. Clarke, it appears also that there are clear traces
of former glacial action on the mountains of the south-
eastern corner of Australia,

Looking to America; in the northern half, ice-borne
fragments of rock have been observed on the eastern
side as far south as lat. 36°-37° and on the shores of
the Pacific, where the climate is now so different, as
far south as lat. 46°; erratic boulders have, also, been
noticed on the Rocky Mountains. In the Cordillera
of equatorial South America, glaciers once extended
far below their present level. In Central Chile I ex-
amined o vast mound of detritus with great boulders,
erossing the Portillo valley, which I now fully believe
to have been due to ice-action ; but we shall hereafter
have valuable information on this subjeet from Mr. D.
Forbes, who informs me that he found in the Cordillera,
from lat. 13° to 30° 8., at about the height of 12,000
feet, strongly-furrowed rocks, resembling those with
which he was familiar in Norway, and likewise great
masses of detritus, including grooved pebbles. Along
this whole space of the Cordillera true glaciers do not
now exist even at much more considerable heights.
Farther south on both sides of the continent, from lat.
41° to the southernmost extremity, we have the clearest
evidence of former glacial action, in huge boulden
transported far from their parent source.

We do not know that the Glacial epoch was strictly
simultaneous at these several far-distant points on
opposite sides of the world. But we have good evi-
dence in almost every case, that the epoch formed
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part of the latest geological period. We have, also,
excellent evidence, that it endured for an enormous
time, as measured by years, at each point. The cold
may have come on, or have ceased, earlier at one point
of the globe than at another, but, seeing that it endured
for a long time at each, and that it was contempora-
neous in a geological sense, it seems probable that it
was, during a part at least of the period, actually simul-
taneous throughout the world. Without some distinet
evidence to the contrary, we may at least admit as
probable that the glacial action was simultaneouns on
the eastern and western sides of North America, in the
Cordillera under the equatorial, tropical, and warmer
temperate zones, and on both sides of the southern
portion of the continent. If this be admitted, it is
difficult to avoid believing that the temperature of the
whole world was at this period simultaneously cooler.
But it would suffice for my purpose, if the temperature
were at the same time lower along certain broad belts
of longitude.

On this view of the whole world, or at least of broad
longitudinal belts, having been simultaneously colder
from pole to pole, much light can be thrown on the
present distribution of identical and allied species. In
America, Dr. Hooker has shown that between forty and
fifty of the flowering plants of Tierra del Fuego, forming
no inconsiderable part of its scanty flora, are common
1o Europe, enormously remote as these two points are;
and there are many closely allied species. On the lofty
mountains of equatorial America a host of peculiar
species belonging to European genera occur. On the
Organ mountains of Brazl, some few European tem-
perate, some antarctic, and some Andean genera were
found by Gardner, which do not exist in the low inter-
vening hot countries; and I have been informed that
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Agassiz has lately discovered plain marks of glacial
action on these same mountains. On the Silla of Ca-
raccas the illustrious Humboldt long ago found species
belonging to genera characteristic of the Cordillera.

In Africa, several forms characteristic of Europe and
some few representatives of the flora of the Cape of
Good Hope occur on the mountains of Abyssinia. At
the Cape of Good Hope a very few European species,
believed not to have been mtroduced by man, and on
the several forms
are found, which have not “been discovered i m the mter—
tropical parts of Africa. Dr. Hooker has also lately
shown that several of the plants living on the upper
parts of the lofty island of Fernando Po and on the
neighbouring Cameroon mountains, in the Gulf of
Guinea, are closely related to those on the mountains
of Abyssinia, and likewise to those of temperate Europe.
It now also appears, as I hear from Dr. Hooker, that
some of these same temperate plants have been dis-
covered by the Rev. R.T. Lowe on the mountains of the
Cape de Verde islands. This extension of the same
temperate forms, almost under the equator, across the
whole continent of Africa and to the mountains of the
Cape de Verde archipelago, is one of the most astonish-
ing facts ever recorded in the distribution of plants.

On the Himalaya, and on the isolated mountain-
ranges of the peninsula of India, on the heights of
Ceylon, and on the voleanic cones of Java, many plants
oceur, either identically the same or rep ng each
other, and at the same time representing plants of
Turope, not found in the intervening hot lowlands. A
list of the genera of plants collected on the loftier
peaks of Java raises a picture of a collection made on
4 hill in Europe! Still more striking is the fact that
peculiar southern Australian forms are rep
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by plants growing on the summits of the mountains of
Borneo. Some of these Australian forms, as I hear from
Dr. Hooker, extend along the heights of the peninsula
of Malacea, and are thinly scattered on the one hand
over India, and on the other hand as far north as
Japan. .

On the southern mountains of Australia, Dr. F.
Miller has discovered several European species; other
species, not introduced by man, occur on the lowlands;
and a long list can be given, as I am informed by Dr.
Hooker, of European genera, found in Australia, but
not in the intermediate torrid regions.  In the admirable
¢ Introduction to the Flora of New Zealand," by Dr.
Hooker, analogous and striking facts are given in
regard to the plants of that large island. Hence we
see that, throughout the world, plants growing on the
more lofty mountains, and on the temperate lowlands
of the northern and southern hemispheres, are some-
times identically the same; but much oftener they are
specifically distinct, though plainly related to each other
in a remarkable manner.

This brief abstract applies to plants alone: some
strictly analogous facts could be given on the distribu-
tion of terrestrial animals. In marine productions,
similar cases occur; as an example, I may quote a
remark by the highest authority, Prof. Dana, that “it
is certainly a wonderful fact that New Zealand should
have a closer resemblance in its crustacea to Great
Britain, its antipode, than to any other part of the
world.” Sir J. Richardson, also, speaks of the reap-
pearance on the shores of New Zealand, Tasmania, &e.,
of northern forms of fish. Dr. Hooker informs me
that twenty-five species of Algme are common to New
Zealand and to Europe, but have not been found in the
intermediate tropical seas.
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Tt should be observed that the northern forms found
on the mountain-ranges of the intertropical regions
and in the southern parts of the southern hemisphere
are not arctic, but belong to the temperate zones: as
Mr. H. C. Watson has recently remarked, *in receding
from polar towards equatorial latitudes, the Alpine or
mountain floras really become less and less arctic.” Of
these forms, some few are identical with northern tem-
perate species, or are varieties of them, whilst others are
ranked by all naturalists as closely allied to, but specific-
ally distinet from, their northern representatives.

Now let us see what light can be thrown on the fore-
going facts, on the belief, supported as it is by a large
body of geological evidence, that the whole world, or
a large part of it, was simultaneously colder during the
Glacial period than at present. The Glacial period,
as measured by years, must have been very long; and
when we remember over what vast spaces some natu-
ralised plants and animals have spread within a. few
centuries, this period will have been ample for any
amount of migration. As the cold came slowly on, the
tropical plants and animals will have retreated from
both sides towards the equator, followed in the rear by
the temperate productions, and these by the arctic; but
with the latter we are not now concerned. The whole
problem of what will have occurred is excessively com-
plex. The probable existence before the Glacial period
of a pleistocene equatorial flora and fauna, fitted for a
hotter climate than any now existing, must not be over-
looked. This old equatorial flora will have been almost
wholly destroyed, and the two pleistocene sub-tropical
floras, commingled and reduced in number, will then
have formed the equatorial flora. There will also pro-
bably have been during the Glacial period great changes
in the precise nature of the climate, in the degree of
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humidity, &c.; and various animals and plants will
have migrated in different proportions and at different
rates. So that altogether during the Glacial period
the inhabitants of the tropics must have been greatly
disturbed in all their relations of life. Hence they will
have suffered much extinction; how much no one can
say; perhaps formerly the tropics supported as many
species as we now see crowded together at the Cape of
Good Hope, and in parts of temperate Australia.

As we know that many tropical plants and animals
can withstand a considerable amount of cold, many
might have escaped extermination during a moderate
fall of temperature, more especially by escaping into
the lowest, most protected, and warmest districts. Nor
must it be overlooked that, as the cold will have come
on very slowly, it is almost certain that many of the
inhabitants of the tropics will have become in some
degree acclimatised ; in the same manner as the same
species of plant when living on lowlands and highlands
certainly transmit to their seedlings different constitu-
tional powers of resisting cold. Nevertheless, it cannot
be denied that all tropical productions will have greatly
suffered, and the chief difficulty is to understand how
they can have escaped entlre annihilation. On the
other hand, the ions, after mi,
nearer to the eq\mbor, thongh they will have been
placed under somewhat new conditions, will have suf-
fered less. And it is certain that many temperate
plants, if protected from the inroads of competitors, can
withstand a much warmer climate than that proper to
them. Hence, it seems to me possible, bearing in mind
that the tropical productions were in a suffering state,
and could not have presented a firm front against in-
truders, that a certain number of the more vigorous and
Tlominant temperate forms might have penetrated the
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native ranks, and have reached or even crossed the
equator. The invasion would, of course, have been
greatly favoured by high land, and perhaps by a dry -
climate; for Dr. Falconer informs me that it is the
damp with the heat of the tropics which is so des-
tructive to perennial plants from a temperate climate.
On the other hand, the most humid and hottest dis-
tricts would have afforded an asylum for the natives.
The mountain-ranges north-west of the Himalaya, and
the long line of the Cordillera, seem to have afforded
two great lines of invasion: and it is a striking fact,
communicated to me by Dr. Hooker, that all the
flowering plants, about forty-six in number, common
to Tierra del Fuego and to Europe, still exist in North
America, which must have lain on the line of march.
We might of course speculate on the land having
been formerly higher than at present in various parts
of the tropics, where temperate forms apparently have
crossed; but as the lines of migration have been so
numerous, such speculations would be rash. Hence I
am forced to believe that in certain regions, as in India,
some temperate productions entered and crossed even
the lowlands of the tropies at the period when the cold
was most intense,—when arctic forms in Europe had
migrated over at least twenty-five degrees of latitude,
and covered the land at the foot of the Pyrences. At
this period of extreme cold, I believe that the climate
under the equator at the level of the sea was about the
same with that now felt there at the height of from five
to six thousand feet. During this the coldest period,
large spaces of the tropical lowlands were probably
clothed with a mingled tropical and temperate vegeta-
tion, like that now growing with strange luxuriance at
the base of the Himalaya, at the height of four or five
thousand feet, as so graphically deseribed by Hooker.
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the torrid zone harmoniously blended with those of the
temperate.” So that under certain conditions of climate
it is certainly possible that strictly tropical forms might
have co-existed for an indefinitely long period mingled
with temperate forms.

At one time I had hoped to find evidence that the
tropics in some part of the world had escaped the
chilling effects of the Glacial period, and had afforded
a safe refage for the suffering tropical productions.
We cannot look to the peninsula of India for such a
refuge, as temperate forms have reached nearly all its
isolated mountain-ranges, as well as Ceylon; we eannot
look to the Malay archipelago, for on the voleanic
cones of Java we see European forms, and on the
heights of Borneo temperate Australian productions.
If we look to Africa, we find that not only some tem-
perate European forms have passed through Abyssinia
along the eastern side of the continent to its southern
extremity; but we now know that temperate forms
have likewise travelled in a transverse direction from
the ins of Abyssinia to F do Po, aided
perhaps in their march by east and west ranges, which
there is some reason to believe traverse the continent.
But oven gun'mg that some one large tropical region
had retained during the Glacial period its full warmth,
the supposition would be of no avail, for the tropical
forms therein preserved could not have travelled to the
other great tropical regions within so short a period
as has elapsed since the Glacial epoch. Nor are the
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tropical productions of the whole world by any means
of so uniform a character as to appear to have pro-
ceeded from any one harbour of refuge.

The eastern plains of tropical South America ap-
parently have suffered least from the Glacial period;
yet even here there are on the mountains of Brazil a
few southern and northern temperate and some Andean
forms, which it appears must have crossed the continent
from the Cordillers; and some forms on the Silla of
Caraccas, which must bave migrated from the same
great mountain-chain. But Mr. Bates, who has studied
with such care the insect-fauna of the Guiano-Ama-
zonian region, has argued with much force against any
recent refrigeration in this great region; for he shows
that it abounds with highly peculiar endemic Lepidop-
terous forms, thus apparently contradicting the belief
in much recent extinction near the equator. How far
liis facts can be explained on the supposition of the
almost entire annihilation during the Glacial period
of a pleistocene equatorial fauna adapted for greater
heat than any now pmvmlmg and the fm'mm of
the present y the ling of
lwo former snb-u-nplcal fulnu, I will not pretend to

Nolvn'tlutanding these several difficulties, we are led
to believe that a considerable number of plants, a
few terrestrial animals, and some marine productions,
migrated during the Glacial period both from the
northern and from the southern temperate zones into
the intertropical regions, and that some of them even

the equator. When the heat returned, these
temperate forms will naturally have ascended the
higher mountains, being exterminated on the low-
lands; and the greater number will have re-migrated
northward or southward towards their former homes.
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But any temperate forms which had reached and
crossed the equator would have travelled still farther
from their homes into the more temperate latitudes of
the opposite hemisphere. Although we have reason to
believe from geologlcnl evldenca that the arctic shells

d scarcely any durmg their long
southern i and igrati d, the
case may have been wholly different with the intruding
northern forms which settled themselves on the inter-
tropieal mountains and in the southern hemisphere.
These being surrounded by strangers will have had to
compete with many new forms of life; and it is pro-
bable that modifications in their structure, habits, and
constitutions will have profited them. Thus many of
these wanderers, though still plainly related by inherit-
ance to their brethren in the northern hemisphere,
now exist in their new homes as well-marked varieties
or as distinet species. So it will have been with
intruders from the south.

It is a remarkable fact, strongly insisted on by
Hooker in regard to America, and by Alph. de Candolle
in regard to Australia, that many more identical plants
and allied forms have migrated from the north to the
south, than in a reversed direction. We see, however,
a few southern vegetable forms on the mountains of
Borneo and Abyssinia. I suspeet that this prepon-
derant migration from the north to the south is due
to the greater extent of land in the morth, and to
the northern forms having existed in their own homes
in greater numbers, and having consequently been ad-
vanced through natural selection and competition to a
higher stage of perfection or dominating power, than
the southern forms. And thus, when they became com-
mingled during the Glacial period, the northern forms
will have been enabled to beat the less powerful southern
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forms, Just-in the same manner as we see at the
present day, that very many European productions
cover the ground in La Plata, and in a lesser degree
in Australia, and have to a certain extent beaten the
natives ; whereas extremely few southern forms have
become naturalised in any part of the northern hemi-
sphere, though hides, wool, and other objects likely to
carry seeds have been largely imported into Europe
during the last two or three -centuries from La Plata,
and during the last thirty or forty years from Australia.
The Neilgherrie mountains in India, however, offer a
partial exception; for here, as I hear from Dr. Hooker,
Australian forms are rapidly sowing themselyes and
becoming naturalised, Before the Glacial period, no
doubt the intertropical mountains were stocked with
endemic Alpine forms; but these have almost every-
where yielded to the more dominant forms, generated
in the larger areas and more efficient workshops of
the north. In many islands the native productions
are nearly equalled, or even out-numbered, by those
which have become naturalised there; and if the
natives have mnot been actually exterminated, their
numbers have been greatly reduced, and this is the
first stage towards extinction. A mountain is an island
on the land; and the intertropical mountains before
the Glacial period must have been completely isolated ;
and T believe that the inhabitants of these islands on
the land have yielded to those produced within the
Jarger areas of the morth, just in the same way as the
productions of real islands have everywhere yielded
to continental forms lately naturalised there through
man’s agency.

I am very far from supposing that all difficulties in
regard to the distribution and affinities of the allied
species, which live in the northern and southern tem-
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perate zones and on the mountains of the intertropical

are removed on the views above given. It is
extremely difficult to understand how a vast number of
peculiar forms confined to the tropics could have been
therein preserved during the coldest part of the Glacial
period. The number of forms in Australia, which are
related to European temperate forms, but which differ
so greatly that it is impossible to believe that they
could have been modified since the Glacial period,
perhaps indicates some much more ancient cold period,
even as far back as the miocene age, in accordance
with the recent speculations of certain geologists. So
aguin, as I am informed by Mr. Bates, the strongly
marked character of several species of Carabus, in-
habiting the southern parts of America, indicates that
their common progenitor must have been introduced
at some early period ; and other analogous facts could
be given. The exact lines and means of migration
during the recent Glacial period cannot be indicated ;
nor the reason why certain species and not others have
migrated ; why certain species have been modified and
have given rise to new groups of forms, and others have
remained unaltered. We cannot hope to explain such
facts, until we can say why one species and not another
becomes naturalised by man’s ageney in a foreign land ;
why one species ranges twice or thrice as far, and is
twice or thrice as common, as another species within
their own homes.

T have said that many difficulties remain to be solved :
some of the most remarkable are stated with admirable
clearness by Dr. Hooker in his botanical works on the
antarctic regions. These cannot be here discussed. T
will only say that, as far as regards the occurrence
of identical species at points so enormously remote as
Kerguelen Land, New Zealand, and Fuegia, I believe
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that towards the close of the Glacial period, icebergs,
as suggested by Lyell, have been largely concerned in
their dispersal. But the existence of several quite
distinet species, belonging to genera exclusively con-
fined to the south, at these and other distant points of
the southern hemisphere, is, on the theory of descent
with modification, a far more kable case of diffi-
culty. For some of these species are so distinet, that
we cannot suppose that there has been time since the
commencement of the Glacial period for their migra-
tion, and for their subsequent modification to the
necessary degree. The facts seem to me to indicate
that peculiar and very distinet species have migrated in
radiating lines from some common centre; and I am
inclined to look in the southern, as in the northern
hemisphere, to a former and warmer period, before the
commencement of the Glacial period, when the antaretic
lands, now covered with ice, supported a highly peculiar
and isolated flora. I suspect that before this flora was
exterminated by the Glacial epoch, a few forms were
widely dispersed to various points of the southern hemi-
sphere by occasional means of transport, and by the
aid, as halting-places, of now sunken islands. By these
means, as I believe, the southern shores of America,
Australia, and New Zealand, became slightly tinted by
the same peculiar forms of vegetable life.

Sir C. Lyell in a striking passagé has speculated, in
language almost identical with mine, on the effects of
great alternations of climate on geographical distri-
bution. I believe that the world has recently felt one
of his great cycles of change; and that on this view,
combined with modification through natural selection,
a multitude of facts in the present distribution both
of the same and of allied forms of life can be ex-
plained. The living waters may be said to have flowed

@ The Complete Work of Charles Darwin Orline.



456 MUNDANE GLACIAL PERIOD. Crar. XI.

during one short period from the north and from the
south, and to have crossed at the equator; but to
have flowed with greater force from the north, so as to
have freely inundated ‘the south. As the tide leaves
its drift in horizontal lines, though rising higher on
the shores where the tide rises highest, so have the
living waters left their living drift on our mountain-
summits, in a line gently rising from the arctic lowlands
to a great height under the equator. The various
beings thus left stranded may be compared with savage
races of man, driven up and surviving in the mountain-
fastnesses of almost every land, which serve as a record,
full of interest to us, of the former inhabitants of the
surrounding lowlands.
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CHAPTER XIL

GroerarmICAL DISTRIBUTION—Continued.

of fresh-water jons— On_the t
comanio ebusde — AVgeben ol Sabrsehizus sid of femouiat
Mammals—On the relation of the inhabitants of islands to
those of the nearest mainland—On colonisation from the nearest
source with subsequent modification—Summary of the last and
present chapter.

Fresh-water Productions.

As lakes and river-systems are separated from each
other by barriers of land, it might have been thought
that fresh-water productions would not have ranged
widely within the same oo\mtry, and, as the sea is

ly a still more barrier, that they
never would have extended to distant countries. But
the case is exactly the reverse. Not only have many
fresh-water species, belonging to quite different classes,
an enormous range, but allied species prevail in a
remarkable manner throughout the world. I well re-
member, when first collecting in the fresh waters of
Brazil, feeling much surprise at the similarity of the
fresh-water msects shells, && and at-the dissimilarity
of the g 1 beings, pared with
those of Britain.

But this power in fresh-water productions of ranging
widely, though so unexpected, can, I think, in most
cases be explained by their having become fitted, in
a manner highly useful to them, for short and fre-
quent migrations from pond to pond, or from stream
to stream ; and liability to wide dispersal would follow

b3
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from this capacity as an almost necessary consequence.
‘We can here consider only a few cases. In regard to
fish, I believe that the same species never occur in the
fresh waters of distant continents. But on the same
continent the species often range widely and almost
capnuiuusly ; for two river-systems will have some fish
in common and some different. A few facts seem to
favour the p of their by
accidental means; like that of the live fish not rarely
dropped by whirlwinds in India, and the vitality of their
ova when removed from the water. But I am inclined
to attribute the dispersal of fresh-water fish mainly to
slight changes within the recent period in the level of
the land, having caused rivers to flow into each other.
Instances, also, could be given of this having occurred
during floods, without any change of level. We have
evidence in the loess of the Rhine of considerable
changes of level in the land within a very recent geo-
logical period, and when the surface was peopled by
existing land and fresh-water shells. The wide difference
of the fish on opposite sides of continuous mountain-
ranges, vrhleh frcm an early period mnﬂl ]nva parted
ir inoscula-
tion, scems to lend to this same conclnmen. With
respect to allied fresh-water fish occurring at very distant
points of the world, no doubt there are many cases
which cannot at present be explained: but some fresh-
water fish belong to very ancient forms, and in such
cases there will bave been ample time for great geo-

phical ehanges and ly time and means
for much migration. In the second place, salt-water fish
can with care be slowly accustomed to live in fresh
water; and, according to Valenciennes, there is hardly
a single group of fishes confined exclusively to fresh
water, so that we may imagine that a marine member
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of a fresh-water group might travel far along the shores
of the sea, and subsequently become modified and
adapted to the fresh waters of a distant land.

Some species of fresh-water shells have a very wide
range, and allied species which, on my theory, are de-
scended from a common parent, and must have pro-
ceeded from a single source, prevail throughout the
world. Their distribution at first perplexed me much,
as their ova are not likely tobe transported by birds,
and they are immediately killed by sea-water, as are
the adults. I could not even understand how some
naturalised species have rapidly spread throughout the
same country. But two facts, which I have observed
—and no doubt many others remain to be observed—
throw some light on this subject. When a duck sud-
denly emerges from a pond covered with duck-weed, I
have twice seen these little phmts Mlhanug to its back ;
and it has happened to me, in removing a little duck-
weed from one aquarium to another, that I have quite
unintentionally stocked the one with fresh-water shells
from the other. But another agency is perhaps more
effectual : T suspended a duck’s feet in an aquarium,
where many ova of fresh-water shells were hatching ;
and T found that numbers of the extremely minute and
just-hatched shells crawled on the feet, and clung to
them so firmly that when taken out of the water they
could not be jarred off, thongh at a somewhat more
advanced age they would voluntarily drop off. These
just-hatched molluscs, though aquatic in their nature,
survived on the duck’s feet, in damp air, from twelve
to twenty hours; and in this length of time a duck or
heron might fly at least six or seven hundred miles, and
would be sure to alight on a pool or rivulet, if blown
across sea to an oceanic island or to any other distant
point. Sir Charles Lyell also informs me that a ];)th\u

x
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has been caught with an Ancylus (a fresh-water shell
like a limpet) firmly adhering to it ; and a water-beetle
of the same family, a Colymbetes, once flew on board
the “Beagle, when forty-five miles distant from the
nearest land : how much farther it might have flown
with a favouring gale 1o one can tell.

With respect to plants, it has long been known what
enormous ranges many fresh-water, and even marsh-
species, have, both over continents and to the most
remote oceanic islands. This is strikingly shown, as
remarked by Alph. de Candolle, in large groups of
terrestrial plants, which have only a very few aquatic
members ; for these latter seem immediately to acquire,
as if in consequence, a very wide range. I think favour-
able means of dispersal explain this fact. I have before
mentioned that earth oceasionally, though rarely, ad-
heres in some quantity to the feet and beaks of birds.
Wading birds, which frequent the muddy edges of
ponds, if suddenly flushed, would be the most likely to
have muddy feet. Birds of this order, I can show, are
the greatest wanderers, and are occasionally found on
the most remote and barren islands in the open ocean ;
they would not be likely to alight on the surface of the
sea, 8o that the dirt would not be washed off their feet ;
and when making land, they would be sure to fly to
their natural fresh-water haunts. T do not believe that
botanists are aware how charged the mud of ponds is
with seeds: T have tried several little experiments, but
will here give only the most striking case: I took in
February three table-spoonfuls of mud from three dif-
ferent points, beneath water, on the edge of a little
pond; this mud when dry weighed only 6§ ounces; I
kept it covered up in my study for six months, pulling
up and counting each plant as it grew; the plants were
of many kinds, and were altogether 537 in number;
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and yet the viscid mud was all contained in a breakfast
cup! Considering these facts, I think it would be an
inexplicable circumstance if water-birds did not trans-
port the seeds of fresh-water plants to vast distances,
and if consequently the range of these plants was not
very great. The same agency may have come into
play with the eggs of some of the smaller fresh-water
animals.

Other and unknown agencies probably have also
played a part. I have stated that fresh-water fish eat
some kinds of seeds, though they reject many other
kinds after having swallowed them; even small fish
swallow seeds of moderate size, as of the yellow water-
lily and Potamogeton. Herons and other birds, century
after century, have gone on daily devouring fish ; they
then take flight and go to other waters, or are blown
across the sea; and we have seen that seeds retain their
power of germination, when rejected in pellets or in

many hours ds. When I saw the
great size of lhe seeds of that fine water-lily, the
Neloml bered Alph. de Candolle’s re-

marks on this phmt, 1 thought that its distribution must
remain quite inexplicable; but Audubon states that he
found the seeds of the great southern water-lily (pro-
bably, according to Dr. Hooker, the Nelumbium luteum)
in a heron’s stomach ; although I do not know the fact,
yet analogy makes me believe that a heron flying to
another pond and getting a hearty meal of fish, would
probably reject from its stomach a pellet containing
the seeds of the Nelumbium undigested; or the seeds
might be dropped by the bird whilst feeding its young,
in the same way as fish are known sometimes to be
dropped. e
In considering these several means of distribution,
it should be remembered that when a pond or stream
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is first formed, for instance, on a rising islet, it will be
unoccupied ; and a single seed or egg will have a good
chance of succeeding. Although there will always be
a struggle for life between the individuals of the species,
however few, already occupying any pond, yet, as the
number of kinds is small, compared with those on
the land, the competition will probably be less severe
between aquatic than between terrestrial species; con-
sequently an intruder from the waters of a foreign
country, would have a better chance of seizing on a
place, than in the case of terrestrial colonists. We
should also remember that some, perhaps many, fresh-
water productions are low in the scale of nature, and
that we have reason to believe that such low beings
change or become modified less quickly than the high;
and this will give longer time than the average for the
migration of the same aquatic species. ‘We should not
forget the pmbublhty of many spomes hnvmg formerly
ranged as ever
can range, over immense nms,lnd]unng subsequently
become extinet in intermediate regions. But the wide
distribution of fresh-water plants and of the lower
animals, whether retaining the same identical form
or in some degree modified, I believe mainly depends
on the wide dispersal of their seeds and eggs by animals,
more especially by fresh-water birds, which have large
powers of flight, and naturally travel from one to an-
other and often distant piece of water. Nature, like
a careful gardener, thus takes her seeds from a bed of
a particular nature, and drops them in another equally
well fitted for them.

On the Inhabitants of Oceanic Islands.
‘We now come to the last of the three classes of facts,
which I have selected as presenting the greatest amount
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of difficulty, on the view that all the individuals both
of the same and of allied species have descended from a
single parent ; and therefore have all proceeded from
a common birthplace, notwithstanding that in the course
of time they have come to inhabit distant points of the
globe. 1 have already stated that I cannot honestly
admit Forbes's view on continental extensions, which,
if legitimately followed out, would lead to the belief
that within the recent period all existing islands have
been nearly or quite joined to some continent. This
view would remove many difficulties, but it would not
explain all the facts in regard to insular productions.
In the following remarks I shall not confine myself to
the mere question of dispersal; but shall consider some
other facts, which bear on the truth of the two theories
of independent creation and of descent with modi-
fication.

The species of all kinds which inhabit oceanic islands
are fow ii number compared with those on equal conti-
nental areas: Alph. de Candolle admits this for plants,
and Wollaston for insects. New Zealand, for instance,
with its lofty mountains and diversified stations, ex-
tending over 780 miles of latitude, together with the
outlying islands of Auckland, Campbell, and Chatham,
contain altogether only 960 kinds of flowering plants;
if we compare this moderate number with the species
which swerm over equal areas in south-western Aus-
tralia or at the Cape of Good Hope, we must admit
that hing quite independently of any di
in physical conditions has caused so great a dif-
ference in number. Iven the uniform county of
Cambridge has 847 plants, and the little island of
Anglesea 764, but a few ferns and a few introduced
plants are included in these numbers, and the com-
parison in some other respects is not quite fair. We
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have evidence that the barren island of Ascension
aboriginally possessed less than halfa-dozen flowering
plants; yet many have now become naturalised on it,
as they have on New Zealand and on every other
oceanic island which can be named. In St. Helena
there is reason to believe that the naturalised plants
and animals have nearly or quite exterminated many
native productions. He who admits the doctrine of the
creation of each separate species, will have to admit
that a sufficient number of the best adapted plants and
animals were not created on oceanic islands ; for man
has unintentionally stocked them from various sources
far more fully and perfectly than did nature.

Although in oceanic islands the number of the inha~
bitants is scanty in kind, the proportion of endemic
species (i.e. those found nowhere else in the world) is
often extremely large. If we compare, for instance, the
number of the endemic land-shells in Madeira, or of
the endemic birds in the Galapagos Archipelago, with
the number found on any continent, and then compare
the area of the islands with that of the continent, we
shall see that this is true. This fact might have
been expected on my theory, for, as already explained,
species occasionally arriving after long intervals of time
in @ new and isolated district, and having to compete
with new associates, will be eminently liable to modi-
fication, and will often produce groups of modified
descendants. But it by no means follows that, because
in an island nearly all the species of one class are
peculiar, those of another class, or of another section of
the same class, are peculiar ; and this difference seems
to depend partly on the species which do not become
modified having immigrated with facility and in a body,
so that their mutual relations have not been much
disturbed ; and partly on the frequent arrival of un-
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modified immi from the moth try, and the
consequent intercrossing with them. With respect to
the effects of this intercrossing, it should be remem-
bered that the oﬂ‘s’pxmﬂ of such crosses would almost
certainly gain in vigour; so that even an occasional
cross wuuld produce more effect than might at first be
d. To give a few les : in the Gal
Tslands there are 26 land-birds; of these 21 (or perhaps
23) are peculiar, whereas of the 11 marine birds only 2
are peculiar; and it is obvious that marine birds conld
arrive at these islands more easily than land-birds.
Bermuda, on the other hand, which lies at about the
same distance from North America as the Galapagos
Islands do from South America, and which has a very
peculiar soil, does not possess one endemic land-bird ;
and we know from Mr. J. M. Jones's admirable account
of Bermuda, that very many North American birds
occasionally visit this island. Almost every year, as
I am informed by Mr. E. V. Harcourt, many European
and African birds are blown to Madeira; this island is
inhabited by 99 kinds, of which one alone is peculiar,
though very closely related to a European form; and
three or four other species are confined to this island
and to the Canaries. So that the two islands of Ber-
muda and Madeira have been stocked by birds, which
for long ages have struggled together in their former
homes, and have become mutually adapted to each
other; and when settled in their new homes, each kind
will have been kept by the others to its proper place
and habits, and will consequently have been little liable
to modification. Any tendency to modification will also
have been checked by intercrossing with the unmodified
immigrants from the mother-country. Madeira again is
inhabited by a wonderful number of peculiar land-shells,
whereas not one species of sea-shell is peculiar to its
x3
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shores: now, though we do not know how sea-shells are
dispersed, yet we can see that their eggs or larve,
perhaps attached to seaweed or floating timber, or to
the feet of wading-birds, might be transported far more
easily than land-shells, across three or four hundred
miles of open sea. The different orders of insects in
Madeira apparently present analogous facts.

Oceanic islands are sometimes deficient in animals
of certain whole classes, and their places are occupled
by animals belonging to other classes; thus in the
Galapagos Islands reptiles, and in New Zealand gigan-
tic wingless birds, take the place of mammals. Al-
though New Zealand is here spoken of as an oceanic
island, it is in some degree doubtful whether it should
be so ranked ; it is of large size, and is not separated
from Australia by a profoundly deep sea: from its
geological character and the direction of its mountain-
ranges, the Rev. W. B. Clarke has lately maintained
that this island, as well as New Caledonia, should be
considered as appurtenances of Australia. In the plants
of the Galapagos Islands, Dr. Hooker has shown that
the proportional numbers of the different orders are
very different from what they are elsewhere. All such
cases are generally accounted for by the physical condi-
tions of the islands; but this explanation is not a little
doubtful. Facility of immigration seems to have been
at least as important as the nature of the conditions.

Many remarkable little facts could be given with
respect to the inhabitants of remote islands. For in-
stance, in certain islands not tenanted by mammals,
some of the endemic plants have beautifully hooked
seeds; yet few relations are more striking than the
adaptation of hooked seeds for transportal by the wool
and fur of quadrupeds. This case presents no difficulty
on my view, for a hooked seed might be transported to
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an island by some other means ; and the plant then
becoming slightly modified, but still retaining its hooked
seeds, would form an endemic species, having as useless
an appendage as any rudimentary organ,—for instance,
as the shrivelled wings under the soldered elytra of
many insular beetles, Again, islands often possess trees
or bushes belonging to orders which elsewhere include
only herbaceous species ; now trees, as Alph. de Can-
dolle has shown, generally have, whatever the cause
may be, confined ranges. Hence trees would be little
likely to reach distant oceanic islands; and an herb-
aceous plant, though it might have no chance of suc-
eeuful]y compov.mg on a continent with many fully

trees, when blished on an island and
Iuvl.ng to compete with herbaceous plants nlmm, might
readily gain an advantage over them by growing taller
and overtopping them. If so, natural selection would
often tend to add to the stature of herbaceous plants
when growing on oceanic islands, to whatever order they
belonged, and thus convert them first into bushes and
ultimately into trees.

Absence of Batrachians and Terrestrial Mammals on
Oceanic Islands.

With respect to the absence of whole orders on
oceanic islands, Bory St.Vincent long ago remarked
that Batrachians (frogs, toads, newts) have never been
found on any of the many islands with which the great
oceans are studded. I have taken pains to verify this
assertion, and have found it strictly true, with the ex-
ception of New Zealand, of the Andaman Islands, and
perhaps of the Salomon Islands. But I have already
remarked that it is doubtful whether New Zealand
ought to be classed as an oceanic island; and this is
still more doubtful with respect to the Andaman and
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Salomon groups. This general absence of frogs, toads,
and newts on so many oceanic islands cannot be ac-
counted for by their physical conditions; indeed it
seems that islands are peculiarly well fitted for these
animals ; for frogs have been introduced into Madeira,
the Azores, and Mauritius, and have multiplied so as
to become a nuisance. But as these animals and their
spawn are known to be immediately killed by sea-water,
there would be great difficulty in their transportal across
the sea, and therefore on my view we can see why they
do not exist on any oceanic island. But why, on the
theory of creation, they should not have been created
there, it would be very difficult to explain.

Mammals offer another and similar case. I have
carefully searched the oldest voyages, but have not
finished my search; as yet I have not found a single
instance, free from doubt, of a terrestrial mammal
(excluding domesticated animals kept by the natives)
inhabiting an island situated above 300 miles from a
continent or great continental island ; and many islands
situated at a much less distance are equally barren.
The Falkland Islands, which are inhabited by a wolf-
like fox, come nearest to an exception ; but this group
cannot be considered as oceanic, as it lies on a bank
connected with the mainland, distant from it about
280 miles ; moreover, icebergs formerly brought boul-
ders to its western shores, and they may have formerly
transported foxes, as so frequently now happens in the
arctic regions. Yet it cannot be said that small islands
will not support small mammals, for they occur in many
parts of the world on very small islands, if close to
a continent; and hardly an island can be named on
which our smaller quadrupeds have not become natural-
ised and greatly multiplied. It cannot be said, on the
ordinary view of creation, that there has not been time
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for the creation of mammals; many voleanic islands
are sufficiently ancient, as shown by the stupendous
degradation which they have suffered, and by their
tertiary strata: there has also been time for the pro-
duction of endemic species belonging to other classes;
and on continents it is known that mammals appear
and disappear at a quicker rate than other and lower
animals. Though terrestrial mammals do not occur on
oceanic islands, agrial mammals do occur on almost
every island. New Zealand possesses two bats found
nowhere else in the world: Norfolk Island, the Viti
Archipelago, the Bonin Islands, the Caroline and Mari-
anne Archipelagoes, and Mauritius, all possess their
peculiar bats. Why, it may be asked, has the supposed
creative force produced bats and no other mammals on
remote islands? On my view this question can easily
be answered; for no terrestrial mammal can be trans-
ported across a wide space of sea, but bats can fly
across. Bats have been seen wandering by day far over
the Atlantic Ocean; and two North American species
either regularly or occasionally visit Bermuda, at the
distance of 600 miles from the mlinla.nd. 1 hear from
Mr. Tomes, who has specially studied this family, that
many of the same species have enormous ranges, and
are found on continents and on far distant islands.
Hence we have only to suppose that such wandering
species have been modified throngh natural selection
in their new homes in relation to their new position,
and we can understand the presence of endemic bats on
islands, with the absence of all terrestrial mammals.
Besides the absence of terrestrial mammals in rela-
tion to the of islands from i there
is also a relation to a certain extent independent of
distance, between the depth of the sea separating an
island from the neighbouring mainland, and the pre-
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sence in both of the same mammiferous species or
of allied species in a more or less modified condition.
Mr. Windsor Earl has made some striking observations
on this head, since fully confirmed by Mr. Wallace's
admirable researches, in regard to the great Malay
Archipelago, which is traversed near Celebes by a space
of deep ocean ; and this space separates two widely dis-
tinct mammalian faunas. On either side the islands are
situated on moderately deep submarine banks, and they
are inhabited by closely allied or identical quadrupeds.
I have not as yet had time to follow up this subject in
all other quarters of the world; but as far as I have
gone, the relation generally holds good. We see Britain
separated by a shallow channel from Europe, and the
mammals are the same on both sides; we meet with
analogous facts on many islands separated by similar
channels from Australia. The West Indian Islands stand
on a deeply submerged bank, nearly 1000 fathoms in
depth, and here we find American forms, but the species
and even the genera are distinet. As the amount of
modification in all cases depends to a certain degree
on the lapse of time, and as during changes of level
it is obvious that islands separated by shallow chan-
nels are more likely to have been continuously united
within a recent period to the mainland than islands
separated by deeper channels, we can understand the
* frequent relation between the depth of the sea and
the degree of affinity of the mammalian inhabitants of
islands with those of a neighbouring continent,—an
inexplicable relation on the view of independent acts
of creation.

All the foregoing remarks on the inhabitants of
oceanic islands,—namely, the scarcity of kinds,—the
richness in endemic forms in particular classes or sec-
tions of classes,—the absence of whole groups, as of
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Bteschians and of 1 1 hetand
the presence of aérial Imh,—(he singular proportions of
certain orders of plants,—herbaceous forms having been
developed into trees, &c.,—seem to me to accord better
with the view of occasional means of transport having
been largely efficient in the long course of time than
with the view of all our oceanic islands having been
formerly connected by continuous land with the nearest
continent ; for on this latter view the migration would
probably have been more ecomplete ; and if modification
be admitted, all the forms of life would have been more
equally modified, in accordance with the paramount im-
portance of the relation of organism to orgumm

I do not deny that there are many and serious diffi-
culties in understanding how several of the inhabitants
of the more remote islands, whether still retaining the
same specific form or modified since their arrival, could
have-reached their present homes. But the probability
of many islands baving existed as halting-places, of
which not a wreck now remains, must not be over-
looked. I will here give a nngle instance of one of

the cases of difficulty. Almost all oceanic islands,
even the most isolated and mll.lelt, ne inhabited by
land-shells, generally by end

by species found elsewhere. Dr. Aug. A Gould has
given several interesting cases in regard to the land-
shells of the islauds of the Pacific. Now it is notorious
that land-shells are very easily killed by salt; their
eggs, at least such as I have tried, sink in sea-water,
and are killed by it. Yet there must be, on my view,
some unknown, but highly efficient means for their
transportal. Would the just-hatched young occasionally
crawl on and adhere to the feet of birds roosting on the
ground, and thus get transported? It occurred to
me that land-shells, when hybernating and having a
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membranous diaphragm over the mouth of the shell,
might be floated in chinks of drifted timber across
moderately wide arms of the sea. And I found that
several species did in this state withstand uninjured an
immersion in sea-water during seven days: one of these
shells was the Helix pomatia, and after it had again
hybernated I put it into sea-water for twenty days, and
it perfectly recovered. During this length of time it
might have been carried by a marine current, running
at an average rate, to a distance of 660 geographical
miles. As this Helix has a thick calcareous operculum,
I removed it, and when it had formed a new mem-
branous one, I again immersed it for fourteen days in
sea-water, and it recoveredand crawled away. Baron
Aucapitaine has recently tried similar experiments: he
placed 100 land-shells, belonging to ten species, in a
box pierced with holes, and immersed it for a fortnight
in the sea. Out of the hundred shells, twenty-seven
recovered. The presence of an operculum seems to
have been of importance, as out of twelve specimens
of Cyclostoma elegans, which is thus furnished, eleven
revived. It is remarkable, seeing how well Helix
pomatia with me resisted the salt-water, that not one
out of fifty-four specimens belonging to four species of
Helix tried by Aucapitaine, recovered.

On the Relations of the Inhabitants of Islands to those of
the nearest Mainland,

The most striking and important fact for us in regard
to islands, is the affinity of their inhabitants to those
of the nearest mainland, without being actually the
same species. Numerous instances could be given of
this law. I will give only one, that of the Galapagos
Archipelago, situated under the equator, between 500
and 600 miles from the shores of South America, Here

& The Complete Wark of Charles Darwin Online.



Catar. XIL.  ISLANDS TO THOSE OF THE MAINLAND. 473

\\hnoat every product of the ln.nd and water bears the
keable stamp of the A There

are twenty-six land-birds, and twenty-one, or, perhaps,
twenty-three, of these are ranked as distinct species,
and are supposed to have been created here ; yet the
close affinity of most of these birds to American species
in every character, in their hbm, gestures, and tones
of yoice, was manifest. So it is with the other animals,
and with a large proportion of the plants, as shown by
Dr. Hooker in his admirable Flora of this archipelago.
The naturalist, looking at the inhabitants of these vol-
canic islands in the Pacific, distant several hundred
miles from the continent, yet feels that he is standing on
American land. Why should this be so? why should
the species which are supposed to have been created in
the Galapagos Archipelago, and nowhere else, bear so
plain a stanip of affinity to those created in America ?
There is nothing in the conditions of life, in the geo-
logical nature of the islands, in their height or climate,
orin the proportions in which the several classes are
associated together, which resembles closely the con-
ditions of the South American coast: in fact, there is
a considerable dissimilarity in all these respects. On
the other hand, there is a considerable degree of re-
semblance in the voleanie nature of the soil, in the
climate, height, and size of the islands, between the
Galapagos and Cape de Verde Archipelagoes: but what
an entire and absolute difference in their inhabitants!
The inhabitants of the Cape de Verde Islands are
related to those of Afriea, like those of the Galapagos
to America. I believe this grand fact can receive no
sort of explanation on the ordinary view of independent
creation ; whereas on the view here maintained, it is
~ obvious that the Galapagos Islands would be likely to
receive colonists, whether by occasional means of trans-
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port or by formerly continuous land, from America;
and the Cape de Verde Tslands from Africa; and that
such colonists would be liable to modification ;—the
principle of inheritance still betraying their original
birthplace.

Many analogous facts could be given: indeed it is an
almost universal rule that the endemic productions of
islands are related to those of the nearest continent, or
of other near islands. The exceptions are few, and
most of them can be explained. Thus the plants of
Kerguelen Land, though standing nearer to Africa than
to America, are related, and that very closely, as we
know from Dr. Hooker’s account, to those of America :
but on the view that this island has been mainly stocked
by seeds brought with earth and stones on icebergs,
drifted by the prevailing currents, this anomaly dis-
appears. New Zealand in its endemic plants is much
more closely related to Australia, the nearest mainland,
than to any other region: and this is what might have
been expected ; but it is also plainly related to South
America, which, although the next nearest continent,
is so enormously remote, that the fact becomes an
anomaly. But this difficulty almost disappears on the
view that New Zealand, South America, and other
southern lands were long ago partially stocked from a
nearly intermediate though distant point, namely from
the antarctic islands, when they were clothed with

getation, before the of the Glacial
period. The affinity, which, though feeble, I am assured
by Dr. Hooker is real, between the flora of the south-
western corner of Australia and of the Cape of Good
Hope, is a far more remarkable case, and is at present.
inexplicable : but this affinity is confined to the plants,
and will, no doubt, be some day explained.

The law which causes the inhabitants of an archi-
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pelago, though specifically distinet, to be closely allied
to those of the nearest continent, we sometimes see
displayed on a small scale, yet in a most interesting
manner, within the limits of the same archipelago.
Thus the several islands of the Galapagos Archipelago
are tenanted, as I have elsewhere shown, in a quite
marvellous manner, by very closely related species;
so that the inhabitants of each separate island, though
mostly distinct, are related in an incomparably closer
degree to each other than to the inhabitants of any
other part of the world. And this is just what might
have been expected on my view, for the islands are
situated so near each other that they would almost
certainly receive immigrants from the same original
source, or from each other. But this dissimilarity
between the endemic inhabitants of the islands may
be used as an argument against my views; for it may
be asked how has it happened in the several islands
situated within sight of each other, having the same
geological nature, the same height, climate, &c., that
many of the immigrants should have been differently
modified, though only in a small degree? This long
appeared to me a great difficulty: but it arises in
chief part from the deeply-seated error of considering
the physical conditions of a country as the most im-
portant for its inhabitants; whereas it cannot, I think,
be disputed that the nature of the other inhabitants
with which each has to compete, is at least as impor-
tant, and generally a far more important element of
success. Now if we look to those inhabitants of the
Galapagos Archipelago which are found in other parts
of the world (laying on one side for the moment the
endemic species, which cannot be here fairly included,
as we are considering how they have come to be modi-
fied since their arrival), we find a considerable amount
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‘
of difference in the several islands. This difference
might indeed have been expected on the view of the
islands having been stocked by occasional means of
transport—a seed, for instance, of onme plant having
been brought to one island, and that of another plant
to another island. Hence, whén in former times an
immigrant settled on any one or more of the islands, or
when it subsequently spread from one island to another,
it would undoubtedly be exposed to different conditions
of life in the different islands, for it would have to
compete with different sets of organisms: a plant, for
instance, would find the best-fitted ground more per-
feetly occupied by distinet plants in one island than
in another, and it would be exposed to the attacks of
somewhat different enemies. If then it varied, natural
selection would probably favour different varieties in
the different islands. Some species, however, might
spread and yet retain the same character throughout
the group, just as we see on continents some species
spreading widely and remaining the same.

The really surprising fact in this case of the Gala-
pagos Archipelago, and in a lesser degree in some
analogous instances, is that the new species formed in
the separate islands have not quickly spread to the other
islands. But the islands, though in sight of each other,
are separated by deep arms of the sea, in most cases
wider than the British Channel, and there is no reason
to suppose that they have at any former period been
continuously united. The currents of the sea are rapid
and sweep across the archipelago, and gales of wind
are extraordinarily rare; so that the islands are far
more effectually separated from each other than they
appear to be on a map. Nevertheless some of the
species, both those found in other parts of the world
and those confined to the archipelago, are common to
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the several islands, and we may infer from certain
facts that these have probably spread from one island
to the others. But we often take, I think, an erro-
neous view of the probability of closely-allied species
invading each other's territory, when put into free inter-
communication. Undoubtedly, if one species has any
advantage whatever over another, it will in a very brief
time wholly or in part supplant it; but if both are
equally well fitted for their own places in nature, both
probably will hold their own places and keep separate
for almost any length of time. Being familiar with
the fact that many species, naturalised through man’s
agency, have spread with astonishing rapidity over new
countries, we are apt to infer that most species would
thus spread ; but we should remember that the forms
which become naturalised in mew countries are not
generally closely allied to the aboriginal inhabitants,
but are very distinet species, belonging in a large pro-
portion of cases, as shown by Alph. de Candolle, to
distinet genera. In the Galapagos Archipelago, many
even of the birds, though so well adapted for flying
from island to island, are distinct on each; thus there
are three closely-allied species of mocking-thrush, each
confined to its own island. Now let us suppose the
‘mocking-thrush of Chatham Island to be blown to
Charles Island, which has its own mocking-thrush ; why
should it succeed in establishing itself there? We may
safely infer that Charles Island is well stocked with
its own species, for annually more eggs are laid there
than can possibly be reared; and we may infer that
the moeking-thrush peculiar to Charles Island is at least
as well fitted for its home as is the species peculiar to
Chatham Tsland. Sir C. Lyell and Mr. Wollaston have
communicated to me a remarkable fact bearing on this
subject; namely, that Madeira and the adjoining islet
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of Porto Santo possess many distinct but representative
land-shells, some of which live in crevices of stone ; and
although large quantities of stone are annually trans-
ported from Porto Santo to Madeira, yet this latter
island has not become colonised by the Porto Santo
species: nevertheless both islands have been colonised
by some European land-shells, which no doubt had some
advantage over the indigenous species. From these
considerations I think we need not greatly marvel at
the endemic and representative species, which inhabit
the several islands of the Galapagos Archipelago, not
having universally spread from island to island. In
many other instances, as in the several districts of the
same continent, pre-occupation has probably played an
important part in checking the commingling of species
under the same conditions of life. Thus, the south-east:
and south-west corners of Australia have nearly the
same physical conditions, and are united by continuous
land, yet they are inhabited by a vast number of distinet.
mammals, birds, and plants.

The principle which determines the general character
of the fauna and flora of oceanic islands, namely, that
the inhabitants, when not identically the same, yet are
plainly related to the inhabitants of that region whence
colonists could most readily have been derived,—the
colonists having been subsequently modified and better
fitted to their new homes,—is of the widest applica~
tion throughout nature. We see this on every moun-
tain, in every lake and marsh. For Alpine species,
excepting in so far as the same forms, chiefly of plant
have spread widely throughout the world during
recent Glacial epoch, are related to those of the sur-
rounding lowlands ;—thus we have in South America,
Alpine humming-birds, Alpine rodents, Alpine plants,
&o., all strictly of American forms; and it is obvious
that a mountain, as it became slowly upheaved, would
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be colonised from the surrounding lowlands. So it is
with the inhabitants of lakes and marshes, excepting in
80 far as great facility of transport has allowed the same
fresh-water productions to prevail throughout the world.
We see this same principle in the character of most of
the blind animals inhabiting the caves of America and
of Burope. Other analogous facts could be given. And
it will, I believe, be universally found true, that wher-
ever in two regions, let them be ever so distant, many
closely-allied or representative species oceur, there will
likewise be found some identical species, showing, in
accordance with the foregoing views, that at some former
period there has been intercommunication or migration
between the two regions. And wherever many closely-
allied species occur, there will be found many forms
which some naturalists rank as distinet species, and
some as mere varieties; these doubtful forms showing
us the steps in the progress of modification.

This relation between the power and extent of migra-
tion in a species, either at the present time or at some
former period under different physical conditions, and
the existence at remote points of the world of other
species allied to it, is shown in another and more
general way. Mr. Gould remarked to me long ago, that
in those genera of birds which range over the world,
many of the species have very wide ranges. I can
lardly doubt that this rule is generally true, though
it would be difficult to prove it. Amongst mammals,
we see it strikingly displayed in Bats, and in a lesser
degree in the Felide and Canide. We seo it, if we
compare the distribution of butterflies and beetles. So
it is with most fresh-water productions, in which so
many genera range over the world, and many individual
species have enormous ranges. It is not meant that all
the species in world-ranging genera, but that some of
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them, range very widely. Nor is it meant that the
‘species haye on an average a very wide range; for this
will largely depend on how far the process of modifica-
tion has gone; for instance, two varieties of the same
species inhabit America and Europe, and the species
thus has an immense range; but, if the variation had
been carried a little further, the two varieties would
have been ranked as distinet species, and the range
would have been greatly reduced. Still less is it meant,
that a species which apparently has the capacity of
crossing barriers and ranging WIdely, as in the case of
certain p Ily-winged birds, will ily range
widély ; for we should never forget that to range widely
implies not only the power of crossing barriers, but the
more important power of being victorious in distant
lands in the struggle for life with foreign associates.
But on the view of all the species of a genus having
descended from a single parent, though now distributed
at the most remote points of the world, we ought to
find, and I believe as a general rule we do find, that
some at least of the species range very widely; for it
is necessary that the unmodified parent should have
ranged widely, undergoing modification during its dif-
fusion, and should have placed itself under diverse con-
ditions favourable for the conversion of its oﬁ'spnng,
first into new varieties and ultimately into new species.

In considering the wide distribution of certain ge-
nera, we should bear in mind that some of them are
extremely ancient, and that their species will have
branched off from a common progenitor at a remote
epoch; so that in these cases there will have been
ample time for great climatal and geographical changes
and for accidents of transport; consequently for the
migration of some of the species into all quarters of the.
world, where they will have become slightly modified
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in relation to their new conditions. There is, also,
some reason to believe from geological evidence that
organisms low in the scale within each great class,
generally change at a slower rate than the higher
forms; consequently the lower forms will have had u
hetter chance of ranging widely and of still retaining
the same specific character. This fact, together with
- the seeds and eggs of many low forms being very
minute and better fitted for distant transportation, pro-
bably accounts for a law which has long been observed,
and which has lately been admirably discussed by Alph.
de Candolle in mgmd to pls.nu, namely, that the lpwer
Any group of organisms is, the more widely it is apt to

’l'ho relations just discussed,—namely, low and slowly-
changing organisms ranging more widely than the high,
—some of the species of widely-ranging genera them-
selves ranging widely,—such facts, as alpine, lacus-
trine, and marsh productions being related (with the
exceptions before specified) to those on the surround-
ing low lands and dry lands, though these stations are
80 different,—the very close relation of the distinct
species which inbabit the islets of the same archipelago,
—and especially the striking relation of the inhabitants
of each whole archipelago or island to those of the
nearest mainland,—are, I think, utterly inexplicable on
the nrdinary view of lha'independent creation of each
species, but are explicable on the view of colonisation
fnm the nearest or readiest source, together with the
ification and better ad: ion of the
colonists to their new homes.

» Summary of last and present Chapter.

~ In these chapters I have endeavoured to show, that
if we make due allowance for our ignorance of the full
3
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effects of all the changes of climate and of the level
of the land, which have certainly occurred within the
recent period, and of other similar changes which may
have occurred within the same period ; if we remember
how profoundly ignorant we are with respect to the
many and curious means of occasional transport,—a
subject which has hardly ever been properly expen-
mented on; if we bear in mind how often a species
may have muged continuously over a wide area, and
then have become extinet in the intermediate tracts,
the difficulties in believing that all the individuals of
the same species, wherever located, have descended
from the same parents, are not insuperable. And we
are led to this conclusion, which has been arrived at
by many naturalists under the designation of single
centres of creation, by some general considerations,
more especially from the lmpommce of barriers and
from the anal of sub-genera, genera,
and families.

With respect to the distinet species of the same genus,
which on my theory must have spread from one parent=
source ; if we make the same allowance as before for
our ignorance, and remember that some forms of life
change most slowly, enormous periods of time being
thus granted for their migration, I do not think that
the difficulties are insuperable ; though they often are
in this case, and in that of the individuals of the same

species, extremely great.
As exemphfymg the effects of climatal chxnges on
I have pted to show how i

has been the influence of the modern Glacial period,
which T am fully convinced simultaneously affected the
whole world, or at least great longitudinal belts. As
showing how diversified are the means of occasional
transport, I have discussed at some little length the
means of dispersal of fresh-water productions.
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If the difficulties be n in admitti
that in the long course of time the individuals of the
same species, and likewise of allied tpocnes, have pro-
ceeded from some one_source ; tben the gmnd
leading facts of
on the theory of migration (generally of the more do-
minant forms of life), together with subsequent modifica-
tion and the multiplication of new forms. We can thus
understand the high importance of barriers, whether
of land or water, which separate our several zoological
and botanical provi ‘We can thus und d the
localisation of sub-genera, genera, and familiesy and
how it is that under different latitudes, for instance
in South America, the inhabitants of the plains and
mountains, of the forests, marshes, and deserts, are in
80 mysterious a manner linked together, and are like-
‘wise linked to the extinet beings which formerly in-
habited the same continent. Bearing in mind that
the mutual relation of organism to organism is of the
highest importance, we can see why two areas having
nearly the same physical conditions should often be
inhabited by very different forms of life; for according
to the length of time which has elapsed since new
colonists entered one of the regions, or both; according
to the nature of the communication which allowed cer-
tain forms and not others to enter, either in greater or
lesser numbers; according or not, as those which entered
happened to come into more or less direct competition
with each other and with the aborigines; and according
48 the immigrants were capable of varying more or less
rapidly, there would ensue in different regions, inde-
pendently of their physical conditions, infinitely diver-
sified conditions of life,—there would be an almost
endless amount of organic action and reaction,—and we
should find, as we do find, some groups of beings greatly,

Y2

@ The Complete Work of Charles Darwin Online



484 SUMMARY OF Cuar. XIL

and some only shghtly modified,—some developed in
great force, some existing in scmty numbers—in the
several great geographical provinces of the world.

On these same principles we ean understand, as T
have endeavoured to show, why oceanic islands should
have few inbabitants, but of these a great number
should be endemic or peculiar; and why, in relation to
the means of migration, one group of beings, even within
the same class, should have all its specian endemie, and
another group should have all its species common to
other quarters cf the world. We can see why whole
gronps of ask hians and 1 mam-
mals, should be absent from oceanic islands, whilst the
most isolated islands should possess their own peculiar
species of agrial mammals or bats. We can see why
there should be some relation between the presence of
mammals, in a more or less modified condition in islands,
and the depth of the sea between such islands and the
mainland. We can clearly see why all the inhabitants
of an archipelago, though specifically distinct on the
several islets, should be closely related to each other,
and likewise be related, but less closely, to those of the
nearest continent or other source whence immigrants
had probably been derived. We can see why in two
areas, however distant from each other, there should be
a correlation, in the presence of identical species, of
varieties, of doubtful species, and of distinet but repre-
sentative species.

As the late Edward Forbes often insisted, there is a
striking parallelism in the laws of life throughout time.
and space: the laws governing the succession of forms.
in past times being nearly the same with those governing
at the present time the differences in different areas.
We see this in many facts. The endurance of
species and group of species is continuous in time;
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the exceptions to the rule are so few, that they may
fairly be attributed to our not having as yet discovered
in an intermediate deposit the forms which are therein
absent, but which oceur both above and below so in
space, it certainly is the general rule that the area
inhabited by a single species, or by a group of species,
is continuous; and the exceptions, which are not rare,
may, as I have attempted to show, be accounted for by
former migrations under different conditions or throngh
occasional means of transport, or by the species having
become extinet in the intermediate tracts, Both in
time and space, species and groups of species have their
points of maximum development. Groups of species,
living during the same period of time, or living within
the same area, are often characterised by trifling features
in common, as of sculpture or colour. In looking to the
long succession of past ages, as in now lopking to dis-
tant provinces throughout the world, we find that certain
organisms differ little from each other, whilst others
belonging to a different class, or to a different order,
or only to a different family of the same order, differ
greatly from each other. In both time and space the
lowly organised members of each class generally change
less than the highly organised; but there are in both
cases marked exceptions to the rule. On my theory
these several relations throughout time and space are
intelligible ; for whether we look to the forms of life
which have changed during successive ages within the
same quarter’ of the world, or to those which have
changed after having migrated into distant quarters, in
both cases the forms within each class are connected
by the same bond of ordinary generation; and in both
cases the laws of variation have been the same, and

difications have been lated by the same power
of natural selection.
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CHAPTER XIIL

MuTuaL AFFINITIES OF ORGANIC BEINGS : MORPHOLOGY :
Easryorocy: RUDIMENTARY ORGANS.
CLAsSTFIOATION, groups subordinate to groups — Natural system —

Rules and difficulties in classification, explained on the theory of
descent with modification — Classification of varieties — Descent
always used in classification — Analogical or adaptive charasters
— Affinities, general, complex, and radiating — Extinction sepa-
rates and defines groups — MorrHoOL0GY, between members of the
same class, between parts of the same individual — Exuryoroay,
Taws of, explained by variations not supervening at an early age,
and being inherited at a coresponding age — RupDIENTARY
0RGANS; their origin explained — Summary,
Classification.
Fro the first dawn of life, all organic beings are found
to resemble each other in descending degrees, so that
they can be classed in groups under groups. This classis
fication is evidently not arbitrary like the grouping of
the stars in constellations. The existence of groups
would have been of simple signification, if one group had
been exclusively fitted to inhabit the land, and another
the water; one to feed on flesh, another on vegetable
matter, and so on; but the case is widely different in
nature; for it is notorious how commonly members of
even the same sub-group have different habits. Tn the
second and fourth chapters, on Variation and on Natural
Selection, I have attempted to show that within each
country it is the widely ranging, the much diffused and
common, that is the dominant species belonging to the
larger genera in each class, which vary most. The
varieties, or incipient species, thus produced, ultimately
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become converted into new and distinct species; and
these, on the principle of inheritance, tend to produce
other new and dominant species. Consequently the
groups which are now Iarge, and which genemlly in-
clude many dominant species, tend to go on
in size. I further attempted to show that from the
varying descendants of each species trying to oceupy as
many and as different places as possible in the economy
of nature, there is a constant tendency in their characters
to diverge. This conclusion was supported by looking
at the great diversity of the forms of life which, in any
area, come into the closest competition, and by
looking to certain facts in naturalisation.

I attempted also to show that there is a constant
tendency in the forms which are increasing in number
and diverging in character, to supplant and exterminate
the preceding, less divergent and less improved forms.
Irequest the reader to turn to the diagram illustrat-
ing the action, as formerly explained, of these several
_principles; and he will see that the inevitable result is
that the modified descendants proceeding from one pro-
genitor become broken up into groups subordinate to
groups. In the diagram each letter on the uppermost
line may represent a genus including several species;
and all the genera on this upper line form together one
elass, for all have descended from one ancient parent,
and, consequently, have inherited something in common.
But the three genera on the left hand have, on this
same principle, much in common, and form a sub-
family, distinct from that including the next two genera
on the right hand, which diverged from a common
parent at the fifth stage of descent. These five genera
have also much, though less, in common ; and they form
a family distinet from that including the three genera

 still farther to the right hand, which diverged at a still
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earlier period. And all these genera, descended from
(A), form an order distinet from the genera descended
from (I). So that we here have many species de-
scended from a single progenitor grouped into genera; -
and the genera are subordinate to sub-families, families,
and orders, all united into one great class. Thus, the
grand fact of {he natural subordination of all organie
beings in group under group, which, from its familiarity,
does not always sufficiently strike us, is in my judgment
explained. No doubt organic beings, like all other
objects, can be classed in groups in many ways, either
artificially by single characters or more naturally by a
number of characters. We know, for instance, that
minerals and the elemental substances can be thus ar-
ranged; in this case there is of course no relation in
their classification to logical ion, and no
cause can be assigned for their falling into groups. But
with organic beings the case is different, and the view
above given explains their natural arrangement in group
under group; and no other explanation has ever been
attempted.

Naturalists, as we have seen, try to arrange the
species, genera, and families in each class, on what is
called the Natural System. But what is meant by this
system? Some authors look at it merely as a scheme
for arranging together those living objects which are
most alike, and for separating those which are most
unlike; or as an artificial means for enunciating, as
briefly as possible, general propositions,— that is, by one
sentence to give the characters common, for instance, to
all mammals, by another those common to all carnivora,
by another those common t6 the dog-genus, and then,
by adding a single sentence, a full description is given
of each kind of dog. The ingenuity and utility of this
system are indisputable. But many naturalists think
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that something more is meant by the Natural System ;
they believe that it reveals the plan of the Creator ; but
unless it be specified whether order in time or space, or
both, or what else is meant by the plan of the Creator,
it seems to me that nothing is thus added to our know-
ledge. Such expressions as that famous one by Linnwus,
and which we often meet with in a more or less con-
cealed form, that the characters do not make the genus,
but that the genus gives the characters, seem to imply
that something more is included in our classification
than mere bl 1 believe that hing more
is included, and that propinquity of descent—tho only
known cause of the sxm:lanty of organic beings—is the
bond, hidden as it is by various degrees of modification,
which is partially revealed to us by our classifications.
Let us now consider the rules followed in classi-
fication, and the difficulties which are encountered, on
the view that classification either gives some unknown
plan of creation, or is simply a scheme for enunciating
general propositions and of placing together the forms
most like each other. It might have been thought (and
was in ancient times thought) that those parts of the
structure which determined the habits of life, and the
general place of each being in the economy of nature,
would be of very high importance in classification.
Nothing can be more false. No one regards the external
similarity of a mouse to ashrew, of a dugong to a whale,
of a whale to a fish, as'of any importance. These resem-
.~ blances, though so intimately connected with the whole
lll'a of | tha bemg. are ranked as merely “adaptive or
;" but to the ideration of these
resemblances we slmll have to recur. It may even be
given as a geneml rule, that the less any part of the
m-gamsmon is concerned vmh lpecml luhxh, r.he more
it becomes for cl
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Owen, in speaking of the dugong, says, “The generative
organs, being those which are most remotely related to
the habits and food of an animal, I have always regarded
as affording very clear indications of its true affinities. *
‘We are least likely in the modifications of these organs
to mistake a merely adaptive for an essential character.”
8o with plants, how remarkable it is that the organs of
vegetation, on which their whole life depends, are of
little signification, excepting in the first main divisions ;
whereas the organs of reproduction, with their product
the seed, are of paramount importance !

‘We must not, therefore, in classifying, trust to resem-
blances in parts of the organisation, however important
they may be for the welfare of the being in relation to
the outer world. Perhaps from this cause it has partly
arisen, that almost all naturalists lay the greatest stress
on resemblances in organs of high vital or physiological
importance. No doubt this view of the classificatory
importance of organs which are important is generally,
but by no means always, true. But their importance
for classification, I believe, depends on their greater con-
stancy throughout large groups of species; and this
constancy depends on such organs having generally been
subjected to less change in the adaptation of species to
their conditions of life. That the mere physiological
importance of an organ does not determine its classi-
ficatory value, is almost shown by the one fact, that in
allied groups, in which the same organ, as we have every
reason to suppose, has nearly the same physiological
value, its classificatory value is widely different. No
naturalist can have worked at any group without being
struck with this fact; and it has been fully acknow-
ledged in the writings of almost every anthor. It will
suffice to quote the highest authority, Robert Brown,
who, in speaking of certain organs in the Proteacesw,




Ciap, XNI CLASSIFICATION. 491

says their generic importance, “ like that of all their
parts, not only in this, but, as I apprehend, in every
natural family, is very unequal, and in some cases seems
to be entirely lost.” Again, in another work he says,
the genera of the Connaraces “ differ in having one or
more ovaria, in the existence or absence of albumen, in
the imbricate or valyular mstivation. Any one of these
characters singly is frequently of more than generic
importance, though here even when all taken together
they appear insufficient to separate Cnestis from Con-
narus.” To give an example amongst insects: in one
great division of the Hymenoptera, the antennw, as
Westwood has remarked, are most constant in structure ;
in another division they differ much and the differences
are of quite subordinate value in classification ; yet no
one probably will say that the antenn in these two
divisions of the same order are of unequal physiological
importance. Any number of instances could be given
of the varying importance for classification of the same
important organ within the same group of beings.

Again, no one will say that rudimentary or atrophied
organs are of high phyxmlogx'ml or vital importance ;
yet, nndaubmd.l), organs in this condition are often of
high value in classification. No one will dispute that
the rudimentary teeth in the upper jaws of young rumi-
nants, and certain rudimentary bones of the leg, are
highly serviceable in exhibiting the close affinity between
Ruminants and Pachyderms. Robert Brown has strongly
insisted on the fact that the position of the rudimentary
florets is of the highest importance in the classification
of the Grasses.

Numerons instances could be given of characters
derived from parts which must be considered of very
trifling physiological importance, but which are uni-
versally udmitted as highly serviceable in the definition
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of whole groups.  For instance, whether or not there is
an open passage from the nostrils to the mouth, the
only character, according to Owen, which absolutely dis-

ishes fishes and reptiles—the inflection of the angle
of the jaws in Marsupials—the manner in which the
wings of insects are folled—mere colour in certain
Alge—mere pubescence on parts of the flower in
grasses—the nature of the dermal covering, as hair or
feathers, in the Vertebrata. If the Ornithorhynchus had
been covered with feathers instead of hair, this external
and trifling character would have been considered by
naturalists as an aid as important in determining the
degree of affinity of this strange creature to birds and
reptiles, as an approach in structure in any one internal
organ.

The importance, for classification, of tnﬂmg charac-
ters, mainly depends on their being correlated with
soveral other characters of more or less. importance, The
value indeed of an aggregate of characters is very evi-
dent in natural history. Hence, as has often been
remarked, a species may depart from its allies in several
characters, both of high physiological importance and
of almost universal prevalence, and yet leave us in no
doubt where it should be ranked. Hence, also, it has
been found, that a classification founded on any single
character, however important that may be, has always
failed; for no part of the organisation is universally
constant, The importance of an aggregate of charac-
ters, even when none are important, alone explains,
1 think, that saying by Linnsus, that the characters do
not give the genus, but the genus gives the characters;
for this saying scems founded on an appreciation of
many trifling points of resemblance, too slight to be
defined. Certain plants, belonging to the Malpighia-
cex, bear perfect and degraded flowers; in the latter,
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48 A. de Jussieu has remarked, “the greater number of
the characters proper to the species, to the genus, to
the fnmﬂy, to the c!nu, disappear, and thus laugh at
our But when Aspicarpa produced in
France, during several years, only degraded flowers,
departing so wonderfully in a number of the most im-
portant points of structure from the proper type of the
order, yet M. Richard sagacionsly saw, as Jussieu ob-
serves, that this genus should still be retained amongst
the Malpighiacee. This case seems to me well to illus-
trate the spirit with which our elassifications are some-
times necessarily founded.

Practically, when naturalists are nt work, they do
not trouble th Ives about the physiological value
of the characters which they use in defining a group
or in allocating any particular species. If they find
a character nearly uniform, and common to a great
number of forms, and not common to others, they use
it s one of high value; if common to some lesser
number, they use it as of subordinate value. This
prineiple has been broadly confessed by some naturalists
to be the true one; and by none more clearly than by
that excellpnt botanist, Aug. St. Hilaire. If certain
characters are always found correlated with others,
though no apparent bond of connexion can be dis-
covered between them, especial value is set on them.
As in most groups of animals, important organs, such as
those for propelling the blood, or for aérating it, or
those for propagating the race, are found nearly uniform,
they are considered as highly serviceable in classifica-
tion ; but in some groups of animals all these, the most
important vital organs, are found to offer characters
of quite subordinate value. Thus, as Fritz Miiller has
lately remarked, in the same group of crustaceans, Cy-
pridina is furnished with a heart, whilst in two closely
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allied genera, namely Cypris and Cytherea, there is no
such organ ; one species of Cypridina has well-developed
branchiz, whilst another species is destitute of them.

‘We can see why characters derived from the embryo
should be of equal importance with those derived from
the adult, for our classification of course includes all
ages of each species, But it is by no means obvious,
on the ordinary view, why the structure of the embryo
should be more important for this purpose than that of
the adult, which alone plays its full part in the economy
of nature. Yet it has been strongly urged by those
great naturalists, Milne Edwards and Agassiz, that em-
bryonic characters are the most important of any in the
classification of animals; and this doctrine has very
generally been admitted as true, though its importance
has sometimes been exaggerated. Thus Fritz Miiller
has arranged the great class of erustaceans in accord-
ance with their embryological differences, for the sake
of showing that such an arrangement is not a natural
one. The general fact of the importance of embryo-
logical characters holds good with flowering plants, of
which the two main divisions have been founded on
differences in the embryo,—on the number gnd position
of the cotyledons, and on the mode of development of
the plumule and radicle. In our discussion on embry-
ology, we shall see why such characters are so valuable,
on the view of classification tacitly including the idea
of descent.

Cur classifications are often plainly influenced by
chains of affinities. Nothing can be easier than to
define a number of characters common to all birds ; but
in the case of crustaceans, such definition has hitherto
been found impossible. There are crustaceans at the
opposite ends of the series, which have hardly a
character in common; yet the species at both ends,
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from being plainly allied to others, and these to
others, and so onwards, can be recognised as unequi-
vocally belonging to this, and to no other class of the
Articulata.

Geographical distribution has often been used, though
perhaps not quite logically, in classification, more especi-
ally in very large groups of closely allied forms. Tem-
minck insists on the utility or even necessity of this
practice in certain groups of birds; and it has been
followed by several entomologists and botanists,

Finally, with respect to the comparative value of the
various groups of species, such as orders, sub-orders,
families, sub-families, and genera, they seem to be, at
least at present, almost arbitrary. Several of the best
botanists, such as Mr. Bentham and others, have
strongly insisted on their arbitrary value. Instances
could be given amongst plants and insects, of a group
of forms, first ranked by practised naturalists as only a
genus, and then raised to the rank of a sub-family or
family ; and this has been done, not because further
research has detected important structural differences,
at first overlooked, but because numerous allied species,
with slightly different grades of difference, have been
subsequently discovered.

All the foregoing rules and aids and difficulties in
elassification are explained, if I do not greatly deceive
myself, on the view that the natural system is founded
on descent with modification ;—that the characters which
naturalists consider as showing true affinity between
any two or'more species, are those which have been
inherlted ('mm & common parent and in so far, all true
ity of de-
scent is the lndden bond wlm.h natumhsu have been
unconsciously seeking, and not some unknown plan of
creation, or the enunciation of general propositions, and
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the mere putting together and separating objects more
or less alike.

But I must explain my meaning more fully. I
believe that the arrangement of the groups within each
class, in due subordination and relation to the other
groups, must be strictly genealogical in order to be
natural ; but that the amount of difference in the several
branches or groups, though allied in the same degree in
blood to their common progenitor, may differ greatly,
being due to the different degrees of modification which
they have undergone; and this is expressed by the
forms being ranked under -different genera, families,
sections, or orders. The reader will best understand
what is meant, if he will take the trouble to refer to
the diagram in the fourth chapter. We will suppose
the letters A to L to represent allied genera, which
lived during the Silurian epoch, and these have de-
scended from a species which existed at an unknown
anterior period. Species of three of these genera (A, F,
and I) have transmitted modified descendants to the
present day, represented by the fifteen genera (a* to 24)
on the uppermost horizontal line. Now all these mo-
dified descendants from a single species, are repre-
sented as related in blood or descent to the same
degree; they may metaphorically be called cousins to
the same millionth degree; yet they differ widely
and in different degrees from each other. The forms
descended from A, now broken up into two or three
families, constitute a distinct order from those de-
scended from I, also broken up into two families. Nor
can the existing species, descended from A, be ranked
in the same genus with the parent A ; or those from
I, with the parent I. But the existing genus £'* may.
be supposed to have been but slightly modified ; and
it will then rank with the parent-genus F; just as

@ The Complete Work of Charles Darwin Online



Caa, X111 CLASSIFICATION. 497

some few still living organic beings belong to Silurian
genera. So that the amount or value of the differ-
ences between organic beings all related to each other
in the same degree in blood, has come to be widely
different.  Nevertheless their genealogical arrange-
ment remains strictly true, not only at the present
time, but at each successive period of descent. All
the modified descendants from A will have inherited
something in common from their common parent, as
m.l.l all the descendants from I; so will it be with cach
i branch of d d at each
period. If, however, we choose to suppose that any of
the descendants of A or of T have been so much modi-
fied as to have more or less completely lost traces of
their parentage, in this case, their places in a natural
classification will have been more or less completely lost,
—as sometimes seems to have occurred with existing
organisms. All the descendants of the genus T, along
its whole line of descent, are supposed to have been
- but little modified, and they yet form a single genus.
But this genus, tl\ough much isolated, will still occupy
its proper intermediate position ; for ¥ originally was
intermediate. in character between A and I, and the
several genera descended from these two genera will
have inherited to a certain extent their characters.
This natural arrangement is shown, as far as is possible
on paper, in the diagram, but in much too simple a
manner, If a branching diagram had not been used,
and ouly the names of the groups had been written in
4 linear series, it would have been still less possible to
have given a natural arrangement ; and it is notoriously
not possible to represent in a series, on a flat surface,
the affinities which we discover in nature amongst the
beings of the same group. Thus, on the view which I
liold, the natural system is genealogical in its arrange-
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ment, like a pedigree; but the degrees of modification
which the different groups have undergone, have to be
expressed by ranking them under different so-called
genera, sub-families, families, sections, orders, and
classes.

It may be worth while to illustrate this view of
classification, by taking the case of languages. If we
possessed a perfect pedigree of mankind, a genealogi-
cal arrangement of the races of man would afford the
best classification of the various languages now spoken
throughout the world ; and if all extinet languages, and
all intermediate and slowly changing dialects, had to
be included, such an arrangement would be the only
possible one. Yet it might be that some very ancient
language had altered little, and had given rise to few
new languages, whilst others (owing to the spreading
and subsequent isolation and states of civilisation of
the several races, descended from a common stock) had
altered much, and had given rise to many new lan-
guages and dialects. The various degrees of difference
in the languages from the same stock, would have to
be expressed by groups subordinate to groups ; but the.
proper or even only possible arrangement would still
be genealogical ; and this would be strictly natural, as
it would connect together all languages, extinct and
modern, by the closest affinities, and would give the
filiation and origin of each tongue.

In confirmation of this view, let us glance at the
classification of varieties, which are believed or known:
to have descended from one species. These are grouped.
under species, with sub-varieties under varieties; and
with our domestic productions, several other grades of
difference are requisite, as we have seen with pigeons.,
The origin of the existence of groups subordinate to
groups is the same with varieties as with species,
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namely, closeness of descent with various degrees of
modification. Nearly the same rules are followed in
classifying varieties, as with species. Authors have
insisted on the necessity of classing varieties on a
natural instead of an artificial system ; we are cantioned,
for instance, not to class two varieties of the pine-apple
together, merely because their fruit, though the most
important part, happens to be nearly identical ; no one
puts the Swedish and common turnips together, though
the esculent and thickened stems are so similar. What-
ever part is found to be most constant, is used in class-
ing varieties: thus the great agriculturist Marshall
says the horns are very useful for this purpose with
cattle, because they are less variable than the shape or
colour of the body, &e.; whereas with sheep the horns
are much less serviceable, because less constant. In
classing varieties, I apprehend that if we had a real
pedigree, a genealogical classification would be uni-
versally preferred ; and it has been attempted by some
authors. For we might feel sure, whether there had
been more or less modification, the principle of inherit-
ance would keep the forms together which were allied
in the greatest number of points. In tumbler pigeons,
though some sub-varieties differ from the others in the
important character of having a longer beak, yet all
are kept together from having the common habit of
tumbling ; but the short-faced breed has nearly or quite
lost this habit; nevertheless, without any reasoning or
thinking on the subject, thesé tumblers are kept in the
~same group, because allied in blood and alike in some
other respects. If it could be proved that the Hottentot
had descended from the Negro, I think he would be
elassed under the Negro group, however much he might
differ in colour and other important characters from
jeEYoes.
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‘With species in a state of nature, every naturalist has
in fact brought descent into his classification; for he
includes in his lowest grade, or that of a species, the
two sexes; and how enormously these sometimes differ
in the most important characters, is known to every
naturalist : scarcely a single fact can be predicated
in common of the adult males and hermaphrodites of
certain cirripedes, and yet no one dreams of separating

As soon as the three Orchidean forms, Mona-
chanthus, Myanthus, and Catasetum, which had pre-
viously been ranked as three distinct genera, were
known to be sometimes produced on the same plant,
they were immediately considered as varieties; but now
T have been able to show that they really constitute
the male, female, and hermaphrodite forms of the same
species. The naturalist includes as one species the
several larval stages of the same individual, however
much they may differ from each other and from the
adult; as he likewise does the so-called alternate ge-
nerations of Steenstrup, which can only in a technical
sense be considered as the same individual. He includes.
monsters and varieties, not because they may closely re~
semble the parent-form, but because they are descended
from it.

As descent has universally been used in classing
together the individuals of the same species, though the
males and females and larve are sometimes extremely
different ; and as it has been used in classing varieties
which have undergone a certain, and sometimes a con-
siderable amount of modification, may not this same
element of descent have been unconsciously used in
grouping species under genera, and genera under higher.
groups, thongh in these cases the modification has
much greater in degree, and has taken a longer time to
complete? T believe it has thus been unconsciously
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used; and only thus can T understand the several rules
and guides which have been followed by our best sys-
tematists. We have no written pedigrees ; we have to
make out ity of descent by bl of any
kind. Therefore we choose those characters which, as
far as we can judge, are the least likely to have been
modified in relation to the conditions of life to which
each species has been recently exposed. Rudimentary
structures on this view are as good as, or even some-
times better than, other parts of the organisation. We
care not how trifling a character may be—let it be the
mere inflection of the angle of the jaw, the manner in
which an insect’s wing is folded, whether the skin be
covered by hair or feathers—if it prevail throughout
many and different species, especially those having very
different habits of life; it assumes high value; for we
ean account for its presence in so many forms with such
different habits, only by its inheritance from a common.
parent. We may err in this respect in regard to single
points of structure, but when several characters, let
them be ever so trifling, coneur throughout a large group
of beings having different habits, we may feel almost
sure, on the theory of descent, that these characters
have been inherited from a common ancestor. And we
know that such correlated or aggregated characters have
especial value in classification.

Wo can understand why a species or a group of
species may depart, in several of its most important
characteristics, from its allies, and yet be safely classed
with them, This may be safely done, and is often done,
as long as a sufficient number of characters, let them
be ever so unimportant, betrays the hidden bond of com-
munity of descent. Let two forms have not a single
character in common, yet if these extreme forms are
connected together by a chain of intermediate groups
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we may at once infer their community of descent, and
we put them all into the same class. As we find organs
of high physiological importance—those which serve to
preserve life under the most diverse conditions of exist-
ence—are generally the most constant, we attach espe-
cial value to them ; but if these same organs, in another
group or section of a group, are found to differ much, we
at once value them less in our classification. 'We shall
hereafter, I think, clearly see why embryological cha-
ructers are of such lngh clnsslﬁcntory importance. Geo-
imes be brought use-
fully into play in classmg large and w:dely—dlsmbuted
genera, because all the species of the same genus, in-
habiting any distinct and isolated region, have in all
probnblhty desoenrled from the same parents.

—Weé can und d, on the
above views, the very important distinetion between
real affinities and analogical or adaptive resemblances,
Lamarck first called attention to this distinction, and
he has been ably followed by Macleay and others. The
resemblance in the shape of the body and in the fin-like
anterior limbs, between the dugong, which is a pachy-
dermatous animal, and the whale, and between both
these mammals and fishes, is analogical. Amongst.
insects there are innumerable instances: thus Linneeus,
misled by external appearances, actually elassed an
homopterous insect as a moth. We see somethmg of
the same kind even in our domestic varicties, as in the
thickened stems of the common and Swedish turnip.
The bl of the greyhound and 1 is
hardly more fanciful than the analogies which have
been drawn by some authors between very distinet
animals. On my view of characters being of real im=
portance for classification, only in so far as they reveal
descent, we can clearly understand why analogical or
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adaptive characters, although of the utmost importance
to the welfare of the being, are almost valueless to the
systematist. For animals, belonging to two most dis-
tinet lines of descent, may readily have become adapted
to similar conditions, and thus have assumed a close
external bl 3 but such bl will not
reveal—will rather tend to conceal their blood-relation-
ship to their proper lines of descent. We can also thus
understand the apparent paradox, that the very same
characters are analogical when one class or one order is
compared with another, but give true affinities when
the members of the same class or order are compared
together : thus, the shape of the body and fin-like limbs
are only analogical when whales are compared with
fishes, being adaptations in both classes for swimming
through the water; but the shape of the body and
fin-like limbs scrve as characters exhibiting true affinity
between the several members of the whale family ; for
these cetaceans agree in so many characters, great and
small, that we cannot doubt that they have inherited
their general shape of body and structure of limbs from
a common ancestor. So it is with fishes,

The most kable case of analogical bl
ever recorded, though not dependent on adaptation to
similar conditions of life, is that given by Mr. Bates with
Tespect to certain butterflies in the Amazonian region
closely mimicking other kinds. This excellent observer
shows that in a district where, for instance, an Ithomia
abounds in gaudy swarms, another butterfly, namely, a
Leptalis, will often be found mingled in the same flock,
80 like the Ithomia in every shade and stripe of colour
and even in the shape of its wings, that Mr. Bates, with
his eyes sharpened by collecting during eleven years,
was, though always on his guard, continually deceived.
‘When the mockers and the mocked are caught and
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compared they are found to be totally different in essen-
tial structure, and to belong not only to distinet genera,
but often to distinct families. If this mimicry had
occurred in only one or two instances, it might have
been passed over as a strange coincidence. But travel
a hundred miles, more or less, from a district where one
Leptalis imitates one Ithomia, and a distinct mocker
and mocked, equally close in their resemblance, will
be found. Altogether no less than ten genera are
enumerated, which include species that imitate other
butterflies. The mockers and mocked always inhabit
the same region ; we never find an imitator living remote
from the form which it counterfeits. The mockers are
almost invariably rare insects; the mocked in almost
every case abound in swarms. In the same district in
which a species of Leptalis closely imitates an Ithomia,
there are it other Lepidc imicking the
same Ithomia; so that in the same place, species of
three genera ‘of butterflies and even moths may be
found all closely resembling a species of a fourth genus.
Tt deserves especial notice that many of the mimicking
forms of the Leptalis, as well as of the mimicked forms,
can be shown by a graduated series to be merely varieties
of the same species; whilst others are undoubtedly dis-
tinet species. But why, it may be asked, arve certain
forms tmatcd as the mimicked and others as the

?  Mr. Bates satisfactorily answers this ques-
tion, by showing that the form which is imitated ke
the usual dress of the group to which it belongs, whilst
the counterfeiters have changed their dress and do not.
resemble their nearest allies.

‘We are next led to inquire what reason can possil
be assigned for certain butterflies and moths so
assuming the dress of other and quite distinet form
why, to the perplexity of naturalists, has nature co;
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scended to the tricks of the stage? Mr. Bates has, we
eannot doubt, hit on the true explanation. The mocked
forms, which always abound in numbers, must habitu-
ally escape, to alarge extent, destruction, otherwise they
could not exist in such swarms ; and Mr. Bates never
saw them preyed on by birds and certain large insects
which attack other butterflies; he suspects that this
immunity is owing to a peculiar and offensive odour
that they emit. The mocking forms, on the other hand,
which inhabit the same district, are comparatively rare,
and belong to rare groups; hence they must suffer
habitually from some danger, for otherwise, from the
number of eggs laid by all butterflies, they would, if
not persecuted, in three or four generations swarm over
the whole country. Now if a member of one of these
persecuted and rare groups were to assume a dress so
like that of a well-protected species that it continually
deceived the practised eyes of an entomologist, it would
often deceive predacious birds and insects, and thus
escape entire annihilation. It may almost be said
that Mr. Bates has witnessed the process by which
the mimickers have come so closely to resemble the
mimicked ; for ‘he shows that some of the forms of
Leptalis, whether these be ranked as species or varieties,
which mimic so many other butterflies, vary much.
1In one district several varieties ocenr, and of these one
alone resembles, to a certain extent, the common Itho-
‘mia of the same district. In another district there are
two or three varieties, one of which is much commoner
than the others, and this closely mocks an Ithomia.
From many facts of this nature, Mr. Bates concludes
that in every case the Leptalis originally varied; and
that, when a variety arose which happened to resemble in
‘gome degree any common butterfly inbabiting the same
district, this variety, from its resemblance to a flourish-
z
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ing and little-persecuted kind, had a better chance of
eseaping destruction from predacious birds and insects,
and was consequently oftener preserved ;—*the less
perfect degrees of resemblance being generation after
generation eliminated, and only the others left to pro-
pagate their kind.” So that here we have an excellent
illustration of the principle of natural selection.

Mr. Wallace has recently deseribed several equally
striking cases of mimicry in the Lepidoptera of the
Malay Archipelago, and other cases could be given with
other orders of insects. Mr. Wallace has also given
one instance of mimicry amongst birds, but we have
no such cases with the larger animals. The much
greater frequency of mockery with insects than with
other animals, is probably the consequence of their small
size ; insects cannot defend themselves, excepting indeed
the kinds that sting, and I have never heard of an in-
stance of these mocking other insects, though they are
mocked : insects cannot escape by ﬂ:g—ht from the larger
animals ;
tures, to trickery and dissimulation.

But to return to more ordinary cases of analogical
resemblance: as members of distinet classes have often
been adapted by successive slight modifications to live
under nearly similar circumstances,—to inhabit, for in-
stance, the three elements of land, air, and water,—we
can perhaps understand how it is that a numerical paral-
lelism has sometimes been observed between the mb
groups in distinct classes. A naturalist, struck
pnmlla!mn of this nature in any one class, by urbxtmﬂy,«
Taising o mnhngt.hevnlneofthegmupsmm
classes (and all our exp shows that this i
has hitherto been arbitrary), could easily extend the
parallelism over a wide range; and thlu the septenary,
quinary, 'y, and ternary el have
bably arisen.
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On the Nature of the Afiinities oonnecting Organic
Beings.—As the modified descendants of dominant
species, belonging to the larger genera, tend to inherit
the advantages which made the groups to which they
belong large and their parents dominant, they are
almost sure to spread widely, and to seize on more and
more places in the economy of nature. The larger and
more dominant groups within each class thus tend to go
on increasing in size; and they consequently supplant
many smaller and feebler groups. Thus we can account
for the fact that all organisms, recent and extinet, are
included under afew great orders, under still fewer classes,
and all in one great natural system. As showing how
few the higher groups are in number, and how widely
spread they are throughout the world, the fact is striking,
that the discovery of Australia has not added an insect
belonging to a new class; and that in the vegetable
kingdom, as I learn from Dr. Hooker, it has added only
two or three families of small size.

In the chapter on Geological Succession I attempted
10 show, on the principle of each group having generally
diverged much in ck during the long. d
process of modification, how it is that the more ancient
forms of life often present characters in some slight
degree intermediate between existing groups. A few
old and i diate parent-fc having i
transmitted to the present day descendants but little
modified, will give to us our so-called osculant or aber-
mant groups. ‘The more aberrant any form is, the
greater must be the number of connecting forms which
“on"my theory have been exterminated and utterly lost.
“And we have some evidence of aberrant forms baving
‘suffered severely from extinction, for they are gene-
mlly represented by extremely few species; and such
species as do occur are generally veryd'ﬂ:'n;t from

z
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each other, which again implies extinction. The genera
Ormithorhynchus and Lepidosiren, for example, would
not have been less aberrant had each been represented
by a dozen species instead of by a single one; but such
richness in species, as I find after some investigation,
does not commonly fall to the lot of aberrant genera.
We ean, I think, account for this fact only by looking
at aberrant forms as failing groups conquered by more
successful campamon, wnh a few memben preserved by
some unusual coi
Mr. Waterhouse has nmnked that, when a member
belonging to one group of animals exhibits an affinity
to a quite distinct group, this affinity in most cases is
general and not special : thus, according to Mr. Water-
house, of all Rodents, the bizeacha is most nearly related
to Marsupials ; but in the points in which it approaches
this order, its relations are general, and not to any one
marsupial species more than to another. As the points
of affinity of the bizeacha to Marsupials are believed
to be real and not merely adaptive, they are due on
my theory to inheritance in common, Therefore we
must suppose either that all Rodents, including the biz-
cacha, branched off from some ancient Marsupial, whiel
will naturally have been more or less intermediate in
character with respect to all existing Marsupials; of
that both Rodents and Marsupials branched off from
commanpmgenitor,snd!hntboﬂ:gmnpc have si
undergone much modification in divergent di

On either vww We may suppose that the bizeacha
retained, b; more of the cl of
ancient progemwr than have other Rodents;

therefore it will not be specially related to any
existing Marsupial, but indirectly to all or nearly

Marsupials, from having partially retained the t
of their common progenitor, or of an early meml
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the group. On the “other hand, ofull Manupmls, as
Mr. W o
sembles most nearly, not any one |peues, but t.he
general order of Rodents. In this case, however, it
may be smnglysuspscted that the resemblance is only
analogical, owing to the phascolomys having become
adapted to habits like those of a Rodent. The elder
De Candolle has made nearly similar observations on
the geneml nature of the affinities of distinet families of

On the prmcxple of the multxphmtwn nnr] gradual
of the species
common purent, togetherwnth their retention by mhe-
ritance of some characters in common, we can under-
stand the excessively complex and radiating affinities
by which all the members of the same family or higher
group are connected together. For the common parent
of a whole family, now broken up by extinetion into
distinet groups and sub-groups, will have transmitted
some of its characters, modified in various ways and de-
grees, to all the species; and they will consequently be
related to each other by circuitous lines of affinity of
various lengths (as may be seen in the diagram so often
referred to), mounting up through many predecessors.
As it is difficult to show the blood-relationship between
the numerous kindred of any ancient and noble family,
even by the aid of a genealogical tree, and almost
impossible to do this without this aid, we can under-
stand the extraordinary difficulty which naturalists have
experienced in deseribing, without the aid of a diagram,
the various affinities which they perceive between the
many living and extinct members of the same great
class,

~ Extinction, as we have seen in the fourth chapter,
has played an important part in defining and widening
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the intervals between the several groups in each class.
‘We may thus account even for the distinetness of whole
classes from each other—for instance, of birds from
all other vertebrate animals—by the belief that many
ancient forms of life have been utterly lost, through
which the early progenitors of birds were formerly con-
nected with the early progenitors of the other and
then less differentiated vertebrate classes. There has
been less entire extinction of the forms of life which
once connected fishes with batrachians. There has
been still less in some other classes, as in that of the
Crustacea, for here the most wonderfully diverse forms
are still linked together by a long and only partially
broken chain of affinities. Extinction has only sepa-
rated groups: it has by no means made them; for if
every form which has ever lived on this earth were
suddenly to reappear, though it would be quite impos-
sible to give definitions by which each group could be
distinguished from other groups, as all would be blended
together by Suaps as fine as those between existing
varieties, less a natural ification, or at least
& uatural arrangement, would be possible.
see this by turning to the diagram: the letters, A to L,
may represent eleven Silurian genera, some of which
have produced large groups of modified dasoendam
Every intermediate link between these aleven

and; their primordial parent

ants, may be supposed to be still alive; and the links
to be as fine as those between the finest varieties.
this case it would be quite impossible to give any d
tion by which the several members of the several gron
could be distinguished from their more im
parents; or these parents from their ancient and
known progenitor. Yet the natural arrangement in
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diagram would still hold good; and, on the principle of
inherif all the forms d ded from A, or from I,
would have something in common. In a tree we can
specify this or that branch, though at the actual fork
the two unite and blend together. We could not, as T
have said, define the several groups; but we could pick
out types, or forms, rep ing most of the ¢l

of each group, whether large or small, and thus give a
general idea of the value of the differences between
them. This is what we should be driven to, if we were
ever to succeed in collecting all the forms in any class
which have lived throughout all time and space. We
shall assuredly never succeed in making so perfect a
collection : nevertheless, in certain classes, we are tend-
ing in this direction; and Milne Edwards has lately
insisted, in an able paper, on the high importance of
looking to types, whether or not we ean separate and
define the groups to which such types belong.

Finally, we have seen that natural selection, which
results from the struggle for existence, and which almost
inevitably induces extinction and divergence of cha-
racter in the many descendants from one dominant
parent-species, explains that great and universal feature
in the affinities of all organic beings, namely, their sub-
ordination in group under group. We use the element
of descent in classing the individuals of both sexes and
of all ages, although having but few characters in com-
mon, under one species ; we use descent in classing ac-
Imowledged varieties, however different they may be from
their parent ; and I believe this element of descent is
the hidden bond of connexion which naturalists have
sought under the term of the Natural System. On
this idea of the natural system being, in so far as it has
been perfected, genealogical in its arrangement, with the
grades of difference between the descendants from a
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common parent, expressed by the terms genera, families,
orders, &e., we can understand the rules which we are
compelled to follow in our classification. We can under-
stand why we value certain resemblances far more than
others ; why we are permitted to use rudimentary and
useless organs, or others of trifling physiological import-
ance; why, in comparing one group with a distinct
group, we summarily reject analogical or adaptive cha-
racters, and yet use these same characters within the
limits of the same group. We can clearly see how it
is that all living and extinct forms can be grouped
together in one great system; and how the several
members of each class are connected together by the
most complex and radiating lines of affinities. We
shall never, probably, disentangle the inextricable web
of affinities between the members of any one class; but
when we have a distinct object in view, and do not look
to some unknown plan of creation, we may hope to
malke sure but slow progress.

Morphology.

‘We have seen that the members of the same class,
independently of their habits of life, resemble each
other in the general plan of their organisation. This
resemblance is often expressed by the term ¢ unity of
t)pe, or by saying that the several parts and organs
in the different species of the class are homologous.
The whole subject is included under the general name
of Morphology. This is the most interesting depart-
ment of natural history, and may be said to be its very
soul. 'What can be more curious than that the hand of
a man, formed for grasping, that of a mole for digging,
the leg of the horse, the paddle of the porpoise, and
the wing of the bat, should all be constructed on
the same pattern, and should include similar bos
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, in the same relative positions? Geoffroy St. Hilaire
has insisted strongly on the high importance of relative
eonnexion in homologous organs : the parts may change
to almost any extent in form and size, and yet they
always remain connected together in the same order.
‘We never find, for instance, the bones of the arm and
forearm, or of the thigh and leg, transposed. Hence
the same names can be given to the homologons bones
in widely different animals. We see the same great
Jaw in the construction of the mouths of insects: what
can be more different than the immensely long spiral
proboscis of a sphinx-moth, the curious folded one of a
bee or bug, and the great jaws of a beetle?—yet all
organs, serving for such different purposes, are
formed by infinitely numerous modifications of an upper
lip, mandibles, and two pairs of maxille. Analogous
laws govern the construction of the mouths and limbs
of erustaceans. 8o it is with the flowers of plants.
- Nothing can be more hopeless than to attempt to
explain this similarity of pattern in members of the
class, by utility or by the doctrine of final causes.
hopelessness of the attempt has been expressly
dmitted by Owen in his most interesting work on the *
'Nature of Limbs,” On the ordinary view of the inde-
pendent creation of each being, we can only say that so
is ;—that it has pleased the Creator to construct all
the animals and plants in each great class on a uniformly
egulated plan; but this is not a scientific explanation,
The explanation is manifest on the theory of the
al selection of successive slight modifications,—
modification being profitable in some way to the
form, but often affecting by correlation of
owth other parts of the organisation. In changes
of this nature, there will be little or no tendency to
odifly the original pattern, or to transpose parts. The
z8
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bones of a limb might be shortened and widened to any
extent, and become gradually enveloped in thick mem-
brane, so as to serve as a fin; or a webbed foot might
have all its bones, or certain bones, lengthened to any
extent, and the b ing them i
to any extent, so as to serve as a wing; yet in all this
great amount of modification there would be no tendeney
to alter the framework of the bones or the relative con-
nexion of the several parts. If we suppose that the
ancient progenitor, the archetype as it may be called, of
all ls, had its limbs d on the existing
general pattern, for whatever purpose they served, we
can at once perceive the plain signification of the homo-
logous ion of the limbs th 3l the whole
class. So with the mouths of insects, we have only to
suppose that their common progenitor had an upper
lip, mandibles, and two pmr of maxille, these parts
being perhaps very simple in form; and then natural
selection will account for the mﬂmte dxvermty in strue-
ture and funetion of th iths of insects. N
it is conceivable that the general pattern of an organ
might become so much obscured as to be finally lost, by
the n'.rophy and ultimately by the complete abortion of
certain parts, by the soldering together of other parts,
and by the doubling or multiplication of others,—
tions which we know to be within the limits of possibility.
In the paddles of the extinct gigantic sea-lizards,
in the mouths of certain suctorial crustaceans,
general pattern seems to have been-thus to a certain
extent

There is another and equally curious branch of
present. subject ; namely, the comparison not of the
part or organ in different members of the same clnm,
of the different parts or organs in the same in
Most physiologists believe that the bones of the skull
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homol with—that is, spond in number and in
relative connexion with—the elemental parts of a certain
number of vertebree. The anterior and posterior limbs
hlﬂﬂ\emembenalthovettebm classes are plainly

So it is with the wonderfully complex jaws
and legs of crustaceans. It is familiar to almost every
one, that in a flower the relative position of the sepals,
petals, stamens, and pistils, as well as their intimate
structure, are intelligible on the view that they consist
of metamorphosed leaves, arranged in a spire. Inmon-
strous plants, we often get direct evidence of the possi-
bility of one organ being transformed into another ; and
we can actually see in flowers during their early develop-
mt,uwallumcrutmmmdmyoﬁumnmk
during their embryonie states, that organs, which when
mature become extremely different, are at an early stage
of growth exactly alike.

How inexplicable are these facts on the ordinary
view of creation! Why should the brain be enclosed
in a box composed of such numerous and such extra-
ordinarily shaped pieces of bone? As Owen has re-
marked, ﬂm benefit derived fmm ﬂae yielding of the

of birds and reptiles. Why should similar bones have
been created in the formation of the wing and the leg of
abat, used as theyare for such totally different purposes ?
Why should one crustacean, which has an extremely
complex mouth formed of many parts, consequently
always have fewer legs; or conversely, those with many
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answer these questions, In the vertebrata, we see a
series of internal vertebree bearing certain processes
and appendages; in the articulata, we see the body
divided into a series of segments, bearing external ap-
pendages; and in flowering plants, we see a series of
suceessive spiral whorls of leaves. An indefinite repeti-
tion of the same part or organ is the common charac-
teristic, as Owen has observed, of all low or little
modified forms; lhem!om we may reuhly believe Llnt
the unlkn P of the

many vertebre ; the unknown progenitor of the arti-
culata, many segments; and the unknown progenitor
of flowering plants, many spiral whorls of leaves. - We.
have formerly seen that parts many times repeated
are eminently liable to vary in number and structure ;
consequently it is quite probable that natural selection,
during a long: course of ification, should
have seized on a certain number of the primordially
similar elements, many times repeated, and have
adapted them to the most diverse purposes. And as
the whole amount of modification will have been effe

by successive slight mps, we need not wonder at dis-
covering in such parts or organs a certain
fundamental resemblance, retained by the strong prin-.
ciple of inheritance.

the great class of molluses, though we can hom
logise the parts of one species with those of other
distinet species, we can indicate but few serial h
logies; that is, we are seldom enabled to say that
part or organ is homologous with another in the same
individual. And we can understand this fact; for i
molluses, even in the lowest members of the class,
do not find nearly so much indefinite repetition of
one part, as we find in the other great classes of
animal and vegetable kingdoms.
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Naturalists frequently speak of the skull as formed of
metamorphosed vertebre: the jaws of crabs as meta-
morphosed legs; the stamens and pistils of flowers as
metamorphosed leaves; but it would in these cases
probably be more correct, as Professor Huxley has re-
marked, to speak of both skull and vertebra, both jaws
“and legs, &c., as having been metamorphosed, not one
from the other in their present state, but from some
common and simpler element. Most naturalists, how-
ever, use such language only in a metaphorical sense :
they are far from meaning that during a long course of
descent, primordial organs of any kind—vertebre in
the one case and legs in the other—have actually been
modified into skulls or jaws. Yet so strong is the ap-
pearance of such modifications having actually occurred,
that naturalists can hardly avoid employing language
having this plain signification. On my view these
terms may be used literally; and the wonderful fact
of the jaws, for instance, of a crab retaining numerous
characters, which they probably would have retained
through inheritance, if they had really been metamor-
phosed during a long course of descent from true though
simple legs, is explained.

Embryology and Development.

This is one of the most important departments of
natural history. Herein are included the’ ordinary
metamorphoses of insects, with which every one is fami-

These are generally effected somewhat abruptly
by o few stages and in-a concealed manner; but the
transformations are in reality numerous and graduated.
For instance, Sir J. Lubbock has recently shown that
a certain ephemerous insect (Chléeon) during its deve-
lopment moults above twenty times, and each time
undergoes a certain amount of change; in such cases
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we probably behold the act of metamorphosis in its -
natural or primary progress. What great changes of
structure are effected during the development of some
animals is seen in the case of insects, but still more
plainly with many erustaceans. When, however, we
read of the several derful cases, recently dis
of the so-called alternate generations of animals, we
come to the climax of developmental transformation.
‘What fact can be more astonishing than that a deli-
cate branching coralline, studded with polypi and at-
tached to a submarine rock, should produce, first by
budding and then by transverse division, a host of huge
floating jelly-fishes ; and that these should produce
from which are hatched swimming animalcules,
which attach themselves to rocks and become developed
into branching corallines; and so on in an endless
cycle? Hence it will be seen that I follow those natu-
ralists who look at all cases of alternate generation,
as essentially modifications of the process of budding,
which may supervene at any stage of development.
This view of the close connection between alternate
generations and ordinary metamorphoses has recently
been much thened by Wagner's dis 'y of the
larva of a Cecidomyia,—that is of the maggot of a fly,
—producing asexually within its body other and similar
larvee; these again repeating the process.

It has already been remarked that various parts and
organs of the same individual animal are during an
early embryonic period exactly like each other, but
become in the adult state widely different and serve for
widely different purposes. So again it has already been
remarked that the embryos of distinet species and genera
within the same class are generally closely similar, but
become when fully developed widely dissimilar. A
better proof of this latter fact cannot be given than
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that by Von Baer, namely, that “the embryos of
mammalia, of birds, lizards, and snakes, probably also
of chelonia, are in their earliest states exceedingly
like one another, both as a whole and in the mode of
development of their parts; so much so, in fact, that we
ean often distinguish the embryos only by their size.
In my possession are two little embryos in spirit, whose
names I have omitted to attach, and at present I am
quite unable to say to what class they belong. They
may be lizards or small birds, or very young mammalia,
so complete is the similarity in the mode of formation
of the head and trunk in these animals. The extremities,
however, are still absent in these embryos. But even if
they had existed in the earliest stage of their develop-
ment we should learn nothing, for the feet of lizards and
mammals, the wings and feet of birds, no less than the
hands and feet of man, all arise from the same funda-
mental form.” The vermiform larve of moths, flies,
beetles, &c., generally resemble each other much more
closely than do the mature insects; but in the case of
larvee, the embryos are active, and from having been
adapted for special lines of life sometimes differ much
from each other. A trace of the law of embryonic re-
semblance, occasionally lasts till a rather late age: thus
birds of the same genus, and of closely allied genera,
often resemble each other in their first and second
plumage; as we see in the spotted feathers in the
thrush group. In the cat tribe, most of the species are
striped or spotted in lines; and stripes or spots can be
plainly distinguished in the whelp of the lion and the
puma. We occasionally though rarely see something
of this kind in plants: thus the first leaves of the ulex
or furze, and the first leaves of the phyllodineous aca-
cigs, are pinnate or divided like the ordinary leaves of
the leguminose.

@ The Complete Work of Charles Darwin Online



520 EMBRYOLOGY Ciuar, XU

The points of structure, in which the embryos of
widely different animals of the same class resemble
each other, often have no direct relation to their con-
ditions of existence, We cannot, for instance, suppose
that in the embryos of the vertebrata the peculiar loop-
like courses of the arteries near the branchial slits are
related to similar conditions,—in the young mammal
which is nourished in the womb of its mother, in the
egg of the bird which is hatched in a nest, and in the
spawn of a frog under water. 'We have no more reason
to believe in such a relation, than we have to believe
that the similar bones in the hand of a man, wing of a
bat, and fin of a porpoise, are related to similar condi-
tions of life. No good observer will suppose that the
stripes on the whelp of a lion, or the spots on the young
blackbird, are of any use to these animals, or are related
to the conditions to which they are exposed.

The case, however, is different when an animal during
any part of its embryonic career is active, and has to
provide for itself. The period of activity may come on
earlier or later in life; but whenever it comes on, the
adaptation of the larva to its conditions of life is just as
perfect and as beautiful as in the adult animal. In
how important a manner this has acted, has recently
been well shown by Sir J. Lubbock in his remarks on
the close similarity of the larve of some insects be-
longing to widely different orders, and on the dissimi-
larity of the larve of other insects belonging to the
same order, nccord.mg to their habits of life. From
such ad ially when including o division
of labour durmg the different stages of development, as
when a larva during one stage has to search for food,
and during another stage has to search for a place of
attachment, the similarity of the larvee of allied animals
is sometimes greatly obseured ; and cases could be given
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of the larvee of two species, or of two groups of species,
differing much more from each other, than do their
adult parents. In most cases, however, the larve, though
active, still obey, more or less closely, the law of com-
mon embryonic resemblance. Cirripedes afford a good
instance of this: even the illustrious Cuvier did not per-
ceive that a barnacle was, as it certainly is, a crustacean ;
bntuglanceuthelunphownhuwbeﬂmmmm
unmistakeable manner. So again the two main divi-
sions of cirripedes, the pedunculated and sessile, which
differ widely in external appearance, have larvie in all
their stages burely distinguishable,

The embryo in '.he course of development generally
rises in : T use this though I
am aware that it is hud!y possible to define clurly
what is meant by the organisation being higher or
lower. But no one probably will dispute that the but-
terfly is higher than the caterpillar. In some cases,
however, the mature animal is generally considered as
lower in the scale than the hr\u,uwn.heeﬁmnptm-
sitic crustaceans. To refer once again to cirripedes:
the larve in the first stage have three pairs of legs, a
- very simple single eye, and a pmbonlfomed mouth,

with which they feed largely, for they increase much
in size. In the second stage, ansyering to the chrysalis
stage of butterflies, théy have six pairs of beautifully
constructed natatory legs, a pair of magnificent com-
pound eyes, and extremely_complex antennw; but they
have a closed and imperfect mouth, and cannot feed :
their function at this stage is, to search by their well-
developed organs of sense, and to reach by their active
powers of swimming, a proper place on which o become
attached and to undergo their final metamorphosis.
When this is completed they are fixed for life: their
legs are now converted into prehensile organs; they
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again obtain a well-constructed mouth; but they have
no antennwe, and their two eyes are now reconverted
into a minute, single, and very mnple eywpot. In thu
last and complete state, d id

as either more highly or ‘more lowly orgnmsed than
they were in the larval condition. But in some genera
the larva become developed either into b I
having the ordinary structure, or into what T lmve called
complemental males, and in the latter, the develop-
ment has assuredly been retrograde; for the male isa
mere sack, which lives for a short time, and is destitute
of mouth, stomach, or other organ of importance, ex-
cepting for reproduction.

We are so much accustomed to see differences in
structure between the embryo and the adult, and like-
wise a close similarity in the embryos of different
animals within the same class, that we might be led
to look at these facts as in some manner necessarily con-
tingent on growth. But there is no obvious reason why,
for instance, the wing of a bat, or the fin of a porpoise,
should not have been sketched out with all the parts
in proper proportion, as soon as any structure became
visible in the embryo. And in some whole groups of
animals and in certain members of other groups, the
embryo does not at any period difier widely from the
adult: thus Owen has remarked in regard to cuttle-
fish, “there is no metamorphosis; the cephalopodic.
character is manifested long before the parts of the
embryo are eompleted. IAnd-chellx and fmsh-wnur
crustaceans

pass
considerable and often great developmental changes.
Spiders, again, barely undergo any metamorphosis. With
almost all insects, the larve, whether adapted to diversis
fied and active habits, or remaining inactive, being
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in the midst of proper nutriment or fed by their parents,
yet nearly all pass t.lmmgh a similar worm-like stage
cldwclopment but in some few cases, as in that of
Aphis, if we look to the admirable drawings by Pro-
fessor Huxley of the development of this insect, we see
hardly any trace of the vermiform stage.

In some cases it is ouly the earlier developmental
stages which fail ; these apparently having been sup-
pressed. Thus Fritz Miller has recently made the
remarkable discovery that certain shrimp-like crusta-
ceans (allied to Pencous) first appear under the simple
nauplius-form, and passing through two or more zoea-
stages, and through the mysis-stage, finally acquire
their mature structure: now in the whole enormous
nheostrmne]aqmwhmhthenam
10 other member is as yet known to be first developed
- under the nauplius-form, though very many appear as
z0eas ; nevertheless Miiller assigns reasons for his belief
that all these would have appeared as nauplii,
if there had been no suppression of development ;—or
Mtheywempmmdullydﬂalnpdunduﬂuim.

How, then, can we explain these several facts in em-
bryology,—namely, the very general, but not universal,
difference in structure between the embryo and the
adult ;—of parts in the same individual embryo which
ultimately become very unlike and serve for diverse

purposes, being at an early period of growth alike;—
l unbryot of dlﬂ‘amt :peuumhm the same class,
11 i each

—

of the stmctm of the ambryo not being closely related
o its conditions of existence, except when the embryo
becomes at any period of life active and has to provide
for itself;—of the embryo apparently having sometimes a
higher organisation than the mature animal, into which
it is developed ? I believe thatall these facts can be ex-
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plained, as follows, on the view of descent with modifi-
cation.

It is commonly assumed, perhaps from monstrosities
often affecting the embryo at a very early period,
that slight variations necessarily appear at an equally
early period. But we have lttle evidence on this head—
indeed the evidence rather points the other way ; for it
is notorious that breeders of cattle, horses, and various
fancy animals, cannot positively tell, until some time
after the animal has been born, what its merits or form
will ultimately turn out. We see this plainly in our
own children; we cannot tell whether the child will be
tall or short, or what its precise features will be. The
question is not, at what period of life any variation has
been caused, but at what period it is fally displayed,
The cause may have acted, and I believe generally has
acted, even before the embryo is formed ; and the varia~
tion may be due to the male and female sexual elements
having been affected by the conditions to which either
parent, or their ancestors, have been exposed. Never-
theless an effect thus caused ata very early period, even
before the formation of the embryo, may appear late in
life ; as when an hereditary disease, which appears in.
old age alone, has been communicated to the offspring
from the reproductive element of one parent. Or
again, as when the horns of cross-bred cattle have been
affected by the shape of the hors of either parent. For,
the welfare of a very young animal, as long as it remains
in its mother’s womb, or in the ‘egg, or as long as it is.
nourished and protected by its parent, it must be quit
unimportant whether most of its charaeters are fully
acquired a little earlier or later in life. It would
not signify, for instance, to a bird which obtained its
food best by having a long beak, whether or not it
assumed a beals of this pamculnr length, as long as it
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was fed by its parents. Hence, I conclude, that it is
quite possible, that each of the many successive modi-
fications, by which each species has acquired its present
structure, may have supervened at a not very early pe-
riod of life; and some direct evidence from onr domestic
animals supports this view. But in other cases it is quite
possible that each successive modification, or most of
 them, may have appeared at an extremely carly period.
I have stated in the first chapter, that there is a large
body of facts rendering it probable, that at whatever age
any variation first appears in the parent, it tends to reap-
pear: at a corresponding age in the offspring. Certain
‘variations can only appear at corresponding ages; for in-
stance, peculiarities in the caterpillar, cocoon, or imago
states of the silkemoth: or, again, in the horns of almost
full-grown cattle. But further than this, variations which,
for all that we can see, might have appeared earlier or
later in life, tend to appear at a. corresponding age in
the offspring and parent. T am far from meaning that
this is invariably the case; and I could give a good
many cases of variations (taking the word in the largest
sense) which have supervened at an earlier age in the
¢hild than in the parent.
These two principles, if their truth be admitted, will,
I believe, explain all the above specified leading facts
in embryology. But first let us look at a few analogous
cases in domestic varieties. Some authors who have
‘written on Dogs, maintain that the greyhound and bull-
dog, though appearing so different, are really varicties
ly allied, and have probably descended from the
ume wild stock ; hence T was curious to see how far
their puppies differed from each other: I was told by
breeders that they differed just as much as their parents,
this, judging by the eye, seemed almost to be the
; but on actually measuring the old dogs and their
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six-days old puppies, I found that the puppies had not
nearly acquired their full amount of proportional differ-
ence. So, again, I was told that the foals of cart and
race-horses differed as much as the full-grown animals;
and this surprised me greatly, as I think it probable that
the difference between these two breeds has been wholly
caused by selection under domestication; but having
had careful measurements made of the dam and of a
three-days old colt of a race and heavy cart-horse, I find
that the colts have by no means acquired their full
amount of proportional difference.

As the evidence appears to me conclusive, that the
several domestic breeds of Pigeon have descended from
one wild species, I compared young pigeons of various
breeds, within twelve hours after being hatched ; T care
fully measured the proportions (but will not here give
details) of the beak, width of mouth, length of nostril
and of eyelid, size of feet and length of leg, in the
wild stock, in pouters, fantails, runts, barbs, dragons,
carriers, and tumblers. Now some of these birds, when
mature, differ so extraordinarily in length and form
of beak, that they would certainly have been ranked
as distinet genera, had they been natural productions.
But when the nestling birds of these several breeds
were placed in a row, though most of them could be
ed from each other, yet their proportional
differences in the above specified several points were
incomparably less than in the full-grown birds. Some
characteristic points of difference—for instance, that of
the width of mouth—could hardly be detected in the
young. But there was one remarkable exception to this
Tule, for the young of the short-faced tumbler differed
from the young of the wild rock-pigeon and of the other
breeds, in all its proportions, almost exactly as much
in the adult state.
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The two principles above given, namely that variations
do not generally supervene at a very early age, and
that they are inherited at a corresponding age whatever
that may have been, seem to me to explain these several
facts regarding the later developmental stages of our
domestic varieties. Fanciers select their horses, dogs,
and pigeons, for breeding, when they are nearly grown
up: they are indifferent whether the desired qualities
and structures have been acquired earlier or later in life,
if the full-grown animal possesses them. And the cases
just given, more especially that of pigeons, scem to show
that the characteristic differences which give valne to
each breed, and which have been accumulated by man's
ulea.mn have not generally first appeared at an early

ited by

the short-faced tumbler, which when twelve hours old
had acquired its proper proportions, proves that this is
not the universal rule ; for here the characteristic differ-
ences must either have appeared at an earlier period
than usual, or, if not so, the differences must have been
inherited, not at the corresponding, but at an earlier age.
Nov let us apply these facts and the above two

modified through natural selection in accordance
their diverse habits. Then, from the many slight
ive steps of variation having supervened at a rather
age, and having been inherited at a

ilies or even classes. The fore-limbs, for instance,
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which served as legs in the parent-species, may have
become, by a long course of modification, adapted in
one descendant to act as hands, in another as paddles,
in another as wings ; and on the above two principles—
namely of each successive modification supervening at
a rather late age, and being inherited at a corre-
sponding late age—the fore-limbs in the embryos of
the several descendants of the parent-species will still
resemble each other closely, for they will not have been
modified. But in each of our new species, the embryonic.
fore-limbs will differ greatly from the fore-limbs in the
mature animal ; the limbs in the latter having under-
gone much modification at a rather late period of life,
and having thus been converted into hands, or paddles,
or wings. Whatever influence long-continued exercise
or disuse may have had in modifying an organ, such
influence will mainly affect the mature animal, which
has come to its full powers of activity and has had
to gain its own living; and the effects thus produced
will be inherited at the corresponding mature age.
‘Whereas the young will remain unmodified, or be modi-
fied in a lesser degree, by the effects of use and disuse..

In certain cases the successive steps of variation might
superyene, from causes of which we are wholly ignorant,
at a very early period of life, or each step might be
inherited at an earlier period than that at which it first
appeared. Tn either case (as with the short-faced
tumbler) the young or embryo would closely resemble
the mature parent-form. We have seen that this is
rule of development in certain whole groups of animals,
as with cuttle-fish, land-shells, fresh-water crustaceans,
spiders, and with a few members of the great class
insects.  With respect to the final cause of the youngin
these cases not undergoing any metamorphosis, we
see that this would result from the two following conti
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gencies: firstly, from the young, during a course of modi-
fication carried on for many generations, hayving to
provide at a very early stage of development for their
own wants, and secondly, from their following (and this
might often be of advantage to a species) exactly the
same habits of life with their parents; for in this case,
itwould be indispensable for the existence of the lpeues,
that the child should be modified at a very early age in
the same manner with its parents, in accordance with
their similar habits. Again, with respect to the singu-
lar fact of so many terrestrial and fresh-water animals
not undergoing any metamorphosis, whilst the marine
members of the same classes pass through various trans-
formations, Fritz Miiller has suggested that if an animal
during a long succession of generations had to change
its habits from living in the sea to living on the land
or in freah water, it would be a great advantage to its
g their modification if they were to lose
their mehmorphoses for it is not probable that places
well adapted for both the larval and mature stages,
under such new and greatly changed habits of life,
could be found unoccupied or ill-occupied by other
organisms.  Therefore the modification of a marine
animal into a terrestrial or fresh-water one would gene-
rally be much more easily effected, if its metamo;
were suppressed through the gradual acquirement at an
earlier and earlier age of the adult structure.

If, on the other hand, it profited the young to follow
Thabits of life in any slight degree different from those of
their parents and consequently to be constructed in a
slightly different manner, or if it profited larve already
having different habits from their parents to change still
further their habits, then, on the principle of inheritance
at corresponding ages, the young or the larvee might be
rendered by natural selection more and more different

2a
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fmmuxeu. any ivable extent. Diffe
in the larve might, ulso become correlated with sue-
cessive stages of development; so that the larve in the
first stage, might come to differ greatly from the larvee
in the second stage, as is the case with so many animals,
The adult might also become fitted for sites or habits,
in which the organs of locomotion or of the senses, &e.,
would be useless; and in this case the final metamor-
phosis would be said to be retrograde.

From the remarks above made we can see how by
alterations of structure in the young, in conformity with
altered habits of life, together with inheritance at cor-

ding ages, the ph of certain animals
might first have been acquired, and subsequently trans-
mitted to numerons modified descendants. Fritz Miiller,
who has recently discussed this whole subject with much
ability, goes so far as to believe that the progenitor of
all insects probably resembled an adult insect, and that
the caterpillar or maggot, and cocoon or pupal stages,
have subsequently been acquired; but from this view
many naturalists, for instance Sir J. Lubbock, who has
likewise recently discussed this subject, would, it is pro-
bable, dissent. That certain unusual stages in the
metamorphoses of insects have arisen from adaptations:
to peculiar habits of life can hardly be doubted: thus
the first larval form of a certain beetle, the Sitaris, a8
described by M. Fabre, is a minute, active insect, fur-
nished with six legs, two long antenne, and four eyes..
These larvme are hatched in the mest of a bee;
when the male-bees emerge in the spring from the
burrows, which they do before the females, the
spring on them, and afterwards take an early and naf
opportunity of erawling on to the female-bees.
the latter lay their eggs, one in each cell, on the
of the contained honey, the larva leaps on the egzg
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devours it. It then undergoes a complete change; its
eyes disappear ; its legs and antennm become rudimen-
tary, and it feeds on honey ; so that it now more closely
resembles the ordinary larvee of insects; ultimately it
undergoes further transformations, and finally emerges
as a perfect beetle. Now, if an insect, undergoing trans-
formations like those of the Sitaris, had been the pro-
genitor of the whole great class of insects, the general
course of development, and especially that of the first
larval stage, would probably have been widely different
from what is actually the case; and it should be espe-
cially noted that the first larval stage would not have
represented the adult condition of any insect.

On the other hand it is probable that with many
groups of animals the earlier larval stages do show us,
more or less completely, the form of the ancient and
adult progenitor of the whole group. In the enormous
class of the Crustacea, forms wonderfully distinet from
each other, as the suctorial parasites, umpedm, ento-
mostraca, and even the malacostraca, appear in their
first larval state under a similar nauplius form; and as
these larvee feed and live in the open sea, and are not
adapted for any peculiar habits of life, and from other
reasons assigned by Fritz Miiller, it is probable that
an independent adult animal, resembling the nauplius,
formerly existed at a remote period, and has subse-
quently produced, through long-continued modification
along several divergent lines of descent, the several
above-named great Crustacean groups. So again it is
probable, from what we know of the embryos of mam-
mals, birds, fishes, and reptiles, that all the members
in these four great classes are the modified descendants
of some one ancient progenitor, which was furnished in
its adult state with branchiw, had a swim-bladder, four
simple limbs, and a long tail fitted for an uqut;c life.

2a
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As all the organic beings, extinet and recent, which
have ever lived on this earth, have to be classed together,
and as all have been connected by fine gradations, the
best, or, if our collections were nearly perfect, the only
possible would be logical ; descent
being on this view the hidden bond of connexion which
naturalists have been seeking under the term of the
natural system. On this view we can understand how
it is that, in the eyes of most naturalists, the structure
of the embryo is even more important for classifica-
tion than that of the adult. In two or more groups of
animals, however much they may at present differ from
each other in structure and habits, if they pass through
closely similar embryonic stages, we may feel almost
assured that they have descended from the same parent-
form, and -are therefore closely related. Thus, com-
munity in embryonic structure reveals community of
descent; but dissimilarity in embryonic development
does not prove discommunity of descent, for in one of
two groups all the developmental stages may have been
suppressed, or may have been so greatly modified as no
longer to be recognised, through adaptations, during the.
earlier periods of growth, to new habits of life. Com-
munity of descent will, however, often be revealed,.
although the structure of the adult may have been
greatly modified and thus obscured; we have seen, for
instance, that cirripedes, though externally so like shell-
fish, can at once be recognised by their larva as belong-
ing to the great class of crustaceans. As the embryonie
state of each species and group of species shows us more
or less completely the structure of their less modified
ancient progenitors, we can see why ancient and ex-
tinet forms of life should resemble the embryos of our
existing species, their descendants. Agassiz believes
this to be a law of nature; but I am bound to confess
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that I only hope to see the law hereafter proved true.
It can be proved true only in those cases in which the
ancient state, now supposed to be represented in exist-
ing embryos, has been obliterated neither by the suc-
cessive variations having supervened at a very early
period of growth, nor by the variations having been
inherited at an earlier period than that at which they
first appeared. It should also be borne in mind, that
the supposed law of resemblance of ancient forms of
life to the embryonic stages of recent forms, may be
true, but yet, owing to the geological record not ex-
tending far enough back in time, may remain for a
long period, or for ever, incapable of demonstration.

Thus, as it seems to me, thslendmgﬁc&memhryo—
logy, which are second in importance to none in natural
history, are explained on the principle of slight modifi-
cations not having appeared, in the many descendants
from some one ancient progenitor, at a very early
period in the life of each, though perhaps caused at
the earliest, and having been inherited at a correspond-
ing not early period. Embryology rises greatly in in-
terest, when we thus look at the embryo of an animal
as a plchlre, more or less obscured, of the progenitor,
either in its adult or larval state, of all the members of
the same great class.

Rudimentary, Atrophied, and Aborted Orgam.

Organs or parts in this strange condition, bearing the
stamp of inutility, are extremely common throughout
mature.  For instance, rudimentary mammsm are very
general with male mammals: I presume that the “bas-
tard-wing” in birds may be safely considered as a digit
in & mdimentary state: in very many snakes one lobe
of the lungs is rudimentary ; in other snakes there are
rudiments of the pelvis and hind limbs. Some of the
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cases of rudimentary organs are extremely curious; for
instance, the presence of teeth in foetal whales, which
when grown up have not a tooth in their heads; and
the presence of teeth, which never cut through the
gums, in the upper jaws of our unborn calves. It has
even been stated on good authority that rudiments of
teeth can be detected in the beaks of certain embryonic
birds. Nothing can be plainer than that wings are
formed for flight, yet in how many insects do we see
wings so reduced in size as to be utterly incapable of
flight, and not rarely lying under wing-cases, firmly
soldered together!

The meaning of rudimentary organs is often quite
unmistakeable: for instance, there are beetles of the
same genus (and even of the same species) resembling
each other most closely in all respects, one of which will
have full-sized wings, and another mere rudiments of
membrane and here it is 1mposslble to doubt, that the

wings. di 'y organs some-
times retain their potentiality, and are merely not deve-
loped: this seems to be the case with the mamme
of male mammals, for many instances are on record of
these organs having become well developed in full-grown
males, and having secreted milk. So again there are
normally four developed and two rudimentary teats in
the udders of the genus Bos; but in our domestic cows
the two sometimes become developed and give milk.
In plants of the same species the petals sometimes
occur as mere rudiments, and sometimes in a well-
developed state. In some plants with their sexes sepa-
rated, the male flowers include a rudiment of a pistil;
and Kolreuter found that by crossing a species of this
kind with another hermaphrodite species, the rudi-
ment of the pistil in the hybrid offspring was much
increased in size; and this clearly shows how essen-
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tially alike in nature the rudiment and the perfect
pistil are.

An organ serving for two purposes, may become ru-
dimentary or utterly aborted for one, even the more
important purpose, and remain perfectly efficient for
the other. Thus in plants, the office of the pistil is to
allow the pollen-tubes to reach the ovules protected in
the ovarium at its base. The pistil consists of a stigma
supported on its style; but in some compositm, the
male florets, which of eourse cannot be fecundated, have
a pistil, which is in a rudimentary state, for it is not
crowned with a stigma; but the style remains well
developed, and is clothed with hairs as in other com-
positee, for the purpose ¢ of bruahing the pollen out of the
surrounding and conj thers. Again, an organ
may become rudimentary !m- its proper purpose, and be
used for a distinet object: in certain fish the swim-
bladder seems to be nearly rudimentary for its proper
function of giving buoyancy, but has become converted
into a nascent breathing organ or lung. Other similar
instances could be given.

Organs, however little developed, if of use, should not
be called rudimentary : they may be called nascent, and
may hereafter be developed by natural selection to any
further extent. Rudimentary organs, on the other hand,
are essentially useless, as teeth which never cut through
the gums. As they would be of still less use, when in
a still less developed condition, they cannot under the
present state of things have been formed by natural
selection, which acts solely by the preservation of useful
modifications. They relate to a former condition of their
possessor, and have been retained, as we shall see, by
inheritance. It is difficult to know what organs are
nascent ; looking to the future, we cannot of course tell
how any part will be developed, and whether it is now
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in a nascent condition; looking to the past, creatures
with an organ in a nascent condition will generally have
been supplanted by their successors with the same organ
in a more perfect and developed condition, and conse-
quently will not now exist. The wing of the penguin is
of high service, acting as a fin; it may, therefore, repre-
sent the nascent state of the wing; not that I believe
this to be the case; it is more probably a reduced organ,
modified for a new function : the wing of the Apteryx,
on the other hand, is quite useless, and is truly rudi-
mentary. The simple filamentary limbs of the Lepi-
dosiren apparently are in a nascent state; for, as Owen .
has recently remarked, they are the * beginnings of
organs which attain full functional development in
higher vertebrates.” The smammary glands of the
Ornithorhynchus may, probably, be considered, in com-
parison with those of the cow, as in a nascent condition.
The ovigerous frena of certain cirripedes, which are
only slightly developed and which have ceased to give
attachment to the ova, are nascent branchize.

Rudi; 'y organs in the individuals of the same
species are very liable to vary in degree of development
and in other respects. Moreover, in closely allied
species, the degree to which the same organ has been
rendered rudimentary occasionally differs much. This
latter fact is well exemplified in the state of the wings
of female moths in certain groups. Rudimentary organs
may be utterly aborted ; and this implies, that we find
in an animal or plant no trace of an organ, which
analogy would lead us to expect to find, and which
is ionally found in individuals of the
species. Thus in some Serophulariaces we rarely find
even a rudiment of a fifth stamen; but this may some-
times be seen plainly or fully developed. In tracing
the homologies of the same part in different mem-
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bers of the same class, nothing is more common, or
more necessary, than the use and discovery of rudi-
ments. This is well shown in the drawings given by
Owen of the bones of the leg of the horse, ox, and
rhinoceros.

It is an important fact that rudimentary organs, such
as teeth in the upper jaws of whales and ruminants,
can often be detected in the embryo, but afterwards
wholly disappear. It is also, I believe, a universal
rule, that a mdimentary part or organ is of greater
size relatively to the adjoining parts in the embryo,
than in the adult; so that the organ at this early age
is less rudimentary, or even cannot be said to be in any
degree rudimentary. Hence, also, a rudimentary organ
in the adult is often said to have retained its embryonic
condition,

I have now given the leading facts with respect to
rudimentary organs. In reflecting on them, every one
must be struck with astonishment : for the same reason-
ing power which tells us plainly that most parts and
organs are exquisitely adapted for certain purposes,
tells us with equal plainness that these rudimentary or
atrophied organs are imperfect and useless. In works
on natural history rudi 'y organs are 1
said to have been created “for ﬂm sake of symmetry,”
or in order “to complete the scheme of nature;” but
this seems to me no explanation, merely an imposing
re-statement of the fact. Would it be thought sufficient
to say that because planets revolve in elliptic courses
round the sun, satellites follow the same course vound
their planets, for the sake of symmetry, and to complete
the scheme of nature? An eminent physiologist ac-
counts for the presence of rudimentary organs, by sup-
posing that they serve to excrete matter in excess, or
injurious to the system; but can we suppose that the
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minute papilla, which often represents the pistil in male
flowers, and which is formed of mere cellular tissue, can
thus act? Can we suppose that the formation of rudi-
mentary teeth, which are subsequently absorbed, can be
of any service to the rapidly growing embryonic calf by
the excretion of precious phosphate of lime? When a
man’s fingers have been amputated, imperfect nails
sometimes appear on the stumps: I could as soon be-
lieve that these vestiges of nails have appeared, not
from unknown laws of growth, but in order to excrete
horny matter, as that the rudimentary nails on the fin
of the manatee were formed for this pr
On my view of descent with modxﬂutwn, the origin
of rudimentary organs is simple. We have plenty of
cases of rudimentary organs in our domestic produe-
tions,—as the stump of a tail in tailless breeds,—the
vestige of an ear in earless breeds,—the reappearance
of minute dangling horns in hornless breeds of cattle,
mora ly, according to Youatt, in young animals,
d the state of the whole flower in the cauliflower.
We often see rudiments of various parts in monsters.
But I doubt whether any of these cases throw light on
the origin of rudimentary organs in a state of nature,
further than by showing that rudiments can be pro-
duced ; for T doubt whether species under nature ever
undergo abrupt changes. I believe that disuse has been
the main agency; that it has led in successive genera-
tions to the gradual reduction of various organs, until
they have become rudimentary,—as in the case of the
eyes of animals inhabiting dark caverns, and of the
wings of birds inhabiting oceanic islands, which have'
seldom been forced to take flight, and have ultimately
lost the power of flying. Again, an organ useful under
certain conditions, might become injurious under
as with the wings of beetles living on small and
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islands; and in this case natural selection would con-
tinue slowly to reduce the organ, until it was rendered
harmless and rudimentary,

Any change in fanction, which can be effected by
insensibly small steps, is within the power of natural
selection ; so that an organ rendered, during changed
habits of life, useless or injurious for one purpose, might
be modified and used for another purpose. Or an organ
might be retained for one alone of its former functions.
An organ, when rendered useless, may well be variable,
for its variations cannot be checked by natural selection.
At whatever period of life disuse or selection reduces an
organ, and this will generally be when the being has
come to maturity and to its full powers of action, the
principle of inheritance at corresponding ages will repro-
duce the organ in its reduced state at the same age, but
will seldom affect or reduce it in the embryo. Thus we
can understand the greater relative size of rudimentary
organs in the embryo, and their lesser relative size in
the adult. But if each step of the process of reduction
were to be inherited, not at the corresponding age, but
at an extremely early period of life (as we have good
reason to believe to be possible), the rudimentary part
would tend to be wholly lost, and we should have a case
of complete abortion. The principle, also, of economy
in organisation, explained in a former chapter, by which
the materials forming any part or structure, if not useful
to the possessor, will be saved as far as is possible, will
probably often come into play; and this will tend to
cause the entire obliteration of a rudimentary organ.

As the presence of rudimentary orgaus is thus due to
the tendency in every part of the organisation, which
has long existed, to be inherited—we can understand,
on the genenlogn:ul view of classification, how it is that

have found rudi y parts as useful
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as, or even sometimes more 1 useful than, parts of high

logical i 'y organs may be
compa.rezl with the letters in a word, shll retained in
the spelling, but become useless in the pronunciation,
but which serve as a clue in seeking for its derivation.
On the view of descent with modification, we may con-
clude that the existence of organs in a rudimentary,
imperfect, and useless condition, or quite aborted, far
from presenting a strange difficulty, as they assuredly
do on the ordinary doctrine of creation, might even have
been anticipated, and can be accounted for by the laws
of inheritance.

Summary.

In this chapter I have attempted to show, that the
subordination of group to group in all organic beings
throughout all time ; that the nature of the relationship,
by which all living and extinct organisms are united by
complex, radiating, and circuitous lines of affinities into
one grand sysmm the rules followed and the difficulties

in their classifications; the

value set upon characters, if constant and prevalenc,
+ whether of high vital importance, or of the most trifling
importance, or, as in rudimentary organs, of no import-
ance ; the wide opposition in value between analogical
or adaptive characters, and characters of true affinity ;
and other such rules ;—all naturally follow on the view.
of the common parentage of those forms which are con-
sidered by naturalists as allied, together with their modi-
fication through natural selection, with its contingencies
of extinction and diverg of cl In consider-
ing this view of classification, it should be borne in
mind that the element of descent has been universally
used in ranking together the sexes, ages, dimorphic
states, and acknowledged varieties of the same species,
however different they may be in structure. If we
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extend the use of this element of descent,—the only
certainly known cause of similarity in organie beings,—
we shall understand what is meant by the natural
system: it is genealogical in its attempted arrange-
ment, and the grades of acquired difference are marked
by the terms varieties, species, genera, families, orders,
and classes.

On this same view of descent with modification, all
the great facts in Morphology become intelligible,—
whether we look to the same pattern displayed in the
homologous organs, to whatever purpose applied, of the
different species in the same class; or to the homologous
parts constructed on the same pattern in each individual
animal and plant.

On the prmc:ple of successive slight variations, not

ing at a very early
period of hfe, and beulg inherited at a corresponding
period, we can understand the great leading facts in
Embryology ; namely, the resemblance in an individual
embryo of the homologous parts, which when matared
become widely different from each other in structure
and function ; and the resemblance in different species
of the same class of the homologous parts or organs,
though fitted in the adult members for purposes as
different as is possible, Larve are active embryos,
which have become specially modified in relation to
their habits of life, through the principle of modifications
being inherited at corresponding ages. On this same
principle—and bearing in mind, that when organs are
reduced in size, either from disuse or selection, it will
generally be at that period of life when the being has to
provide for its own wants, and bearing in mind how
strong is the principle of inheritance—the occurrence of
rudimentary organs and their final abortion, present to us
no inexplicable difficulties; on the contrary, their pre-
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sence might even have been anticipated. The import-
ance of embryological characters and of rudimentary
organs in classification is intelligible, on the view that an
arrangement is only so far natural as it is genealogical.

Finally, the several classes of facts which have been
considered in this chapter, seem to me to proclaim
so plainly, that the innumerable species, genera, and
families of organic beings, with which this world is
peopled, have all descended, each within its own class
or group, from common parents, and have all been
modified in the course of descent, that T should without
hesitation adopt this view, even if it were unsupported
by other facts or arguments.
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CHAPTER XIV.

RecarrruraTIoN AND CONCLUSION.

Recapitulation of the difficulties on the theory of Natural Selection
— Recapitulation of the general and special circumstances in
its favour — Causes of the general belief in the immutability
of species — How far the theory of Natural Selection may be
extended — Effects of its adoption on the study of Natural
History — Concluding remarks.

As this whole volume is one long argument, it may be
convenient to the reader to have the leading facts and
inferences briefly recapitulated.

That many and serious objections may be advanced
against the theory of descent with modification through
natural selection, I do not deny. I have endeavoured
to give to them their full force. Nothing at first can
appear more difficult to believe than that the more
complex organs and instincts should have been per-
fected, not by means superior to, though analogous with,
human reason, but by the accumulation of innumerable
slight variations, each good for the individual possessor.

‘Nevertheless, this dxﬂicnlty, though nppemng to our

great, cannot be idered real
if we admit the following propositions, namely, that all
organs and instincts are, in ever so slight a degree,
variable—that there is a struggle for existence leading
to the preservation of each profitable deviation of struc-
ture or instinct—and, lastly, that gradations in the per-
fection of every organ may have existed, each good of
itskind. The truth of these propositions cannot, I think,
be disputed.
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It is, no doubt, extremely difficult even to conjec-
ture by what gradations many structures have been
perfected, more especially amongst broken and failing
groups of organic beings, which have suffered much
extinetion; but we see so many strange gradations in
nature, that we ought to be extremely cautious in saying
that any organ or instinct, or any whole being, could
not have arrived at its present state by many graduated
steps. There are, it must be admitted, cases of special
difficulty on the theory of natural selection; and one
of the most curious of these is the existence of two or
three defined castes of workers or sterile females in the
same community of ants; but I have attempted to show
how these difficulties can be mastered.

With respect to the almost universal sterility of
species when first crossed, which forms so remarkable a
contrast with the almost universal fertility of varieties
when crossed, I must refer the reader to the recapitula-
tion of the facts given at the end of the eighth chapter,
which seem to me conclusively to show that this sterility
is no more a special endowment than is the incapacity
of two distinet trees to be grafted together; but that it
is incidental on differences confined to the reproductive
systems of the intercrossed species. We see the truth
of this conclusion in the vast difference in the result,
when the same two species are crossed reciprocally,—
that is, when one species is first used as the father and
then as the mother: analogy from the consideration of
dimorphic and trimorphic plants clearly leads us to the
same conclusion, for when the forms are illegitimately
united, they yield few or no seed, and their offspring
are more or less sterile; and these forms of the same
undoubted species differ in no respect from each other
except in their reproductive organs and functions. 4
Although the fertility of varieties when intercrossed
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and of their mongrel offspring has been asserted by so
many authors to be universal, this cannot be considered
correct after the facts given on the authority of Giirtner
and Kolreuter. Nor is the very general fertility of
varieties, when crossed, surprising, when we remember
that it is not likely that their reproductive systems
should have been profoundly modified. Moreover, most
of the varieties which have been experimented on have
been produced under domestication; and as domestica-
tion (I do not mean mere confinement) almost certainly
tends to eliminate sterility, we ought not to expect it
also to produce sterility.

The sterility of hybrids is a different case from that
of a first cross, for the reproductive organs of hybrids
are more or less functionally impotent ; whereas in first
erosses, the organs of both species are of course in a per-
feet conditi As we inually see that organis
of all kinds are rendered in some degree sterile from
their constitutions having been disturbed by lhghﬂy
different and new conditions of life, we need not feel
surprise at hybrids being in some degree sterile, for
their constitutions can hardly fail to have been disturbed
from being compounded of two distinet i
This parallelism is supported by another parallel, but
directly opposite, class of facts, namely, that the vigour
and fertility of all organic beings are increased by
glight changes in their conditions of life, and that the
offspring of slightly modified forms or varieties when_
erossed acquire increased vigour and fertility. So that,
on the one hand, considerable changes in the conditions
of life and crosses between greatly modified forms, lessen
fertility ; and on the other hand, lesser changes in the
conditions of life and crosses between less modified
forms, increase fertility.

Turning to geographical distribution, the difficulties
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encountered on the theory of descent with modification
are serious enough. All the individuals of the same
species, and all the species of the same genus, or even
higher group, must have descended from common
parents; and therefore, in however distant and isolated
parts of the world they may now be found, they must
in the course of successive generations have passed from
some one point to all the others. We are often wholly
unable even to conjecture how this could have been
effected.  Yet, as we have reason to believe that some
species have retained the same specific form for very
long periods of time, enormously long as measured by
years, too much stress ought not to be laid on the occa-
sional wide diffusion of the same species; for during
very long periods there will always have been a good
chance for wide migration by many means. A broken
or interrupted range may often be accounted for by the
extinction of the species in the intermediate regions,
It cannot be denied that we are as yet very ignorant of
the full extent of the various climatal and geographical
changes which have affected the earth during modem
periods; and such changes will obviously have greatly
facilitated migration. As an example, I have attempted
to show how potent has been the influence of the Glacial
period on the distribution both of the same and of re-
presentative species throughout the world. We are as
yet profoundly ignorant of the many occasional means
of

the process of modification has necessarily been slow, all
the means of migration will have been possible during
a very long period; and consequently the d.\ﬂicnlty of
the wide diffusion of the species of the same genus is in
some degree lessened.

As on the theory of natural selection an interminable
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number of intermediate forms must have existed, linking
together all the species in each group by gradations as
fine as are our present varieties, it may be asked, Why
do we not see these linking forms all around us? Why
are not all organic beings blended together in an inex-
tricable chaos? With respect to existing forms, we
should remember that we have no right to expect (ex-
ecepting in rare cases) to discover directly connecting
links between them, but only between each and some
extinet and supplanted form. Even on a wide area,
which has during a long period remained continuous,
and of which the climate and other conditions of life
change insensibly in going from a district oecupiedby
one species into another district occupied by a closely
allied species, we have no just right to expect often to
find intermediate varieties in the intermediate zone.
For we have reason to believe that only a few species of
@ genus ever undergo change; the other species be-
coming ntwrly extinet and leaving no modified progeny.

Of the species which do change, only a few !nthin ﬂ.\e
same country change at the same time ; and all modifi-

cations are slowly effected. I have also shown that the
intermediate varieties which will at. first probably exist
in the intermediate zones, will be liable to be supplanted
by the allied forms on either hand ; and the latter, from
existing in greater numbers, will generally be modified
and improved at a quicker rate than the intermediate
varieties, which exist in lesser numbers; so that the
intermediate varieties will, in the long run, be sup-
planted and exterminated.

On this doctrine of the extermination of an infinitude
of connecting links, between the living and extinet: m—
habitants of the world, and at each successive
between the extinct and still older species, why is not
every geological formation charged with such links?
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‘Why does not every collection of fossil remains afford
plain evidence of the gradation and mutation of the.
forms of life? Although geological research has un-
doubtedly revealed the former existence of many links, -
bringing numerous forms of life much closer
it does not yield the mﬂmte]y many fine gradations ba~
tween past and present species required on my theory ;
and this is the most obvious and forcible of the many
objections which may be nrged against it. Why, again,
dp whole groups of allied species appear, though cer-
tainly they often falsely appear, to have come in sud-
denly on the several geological stages? Although we
now know that organic beings appeared on this globe,
at a period incalculably remote, long before the lowest
bed of the Silurian system was deposited, why do we
not find beneath this system great piles of strata stored
with the remains of the progenitors of the Silurian
fossils? For on my theory such strata must somewhere
have been deponfed at these ancient and utterly un-
known epochs in the world's history.

I can answer these questions and ob_rpectmna only on
the supposition that the geological record is far ms
impérfect than most geologists believe. It cannot b
objected that there has not been time sufficient for any
amount of organie change; for the lapse of time has be

offspring, any more than the ro
pigeon is directly intermediate in erop and tail betwe
its descendants the pouter and fantail pigeons. We
should not be able to recognise a species as the pare
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of another species if we were to examine both ever so
closely, unless we likewise possessed many of the inter-
maduwhnkabetweenthmpnmdpremtmw,
and these many links we could ever expect
discover, owing to the imperfection of the geologwnl
record. If two or three, or even more linking forms
were discovered, they would simply be ranked as so
many new species, more especially if found in different
geological sub-stages, let their differences be ever so
glight. Numerous existing doubtful forms could be
named which are probably varieties; but who will pre-
tend that in future ages so many fossil links will be
discovered, that naturalists will be able to decide whether
or not on the common view these doubtful forms are
varieties? Only a small portion of the world has been
geologically explored. Only organic beings of certain
classes can be preserved in a fossil condition, at least in
‘any great number. Many species when once formed
never undergo any further change, but become extinet
without leaving modified descendants; and the periods,
during which species have undergone modification,
though long as measured by years, have probably been
short in comparison with the periods during which they
have retained the same form. It is the dominant and.
widely ranging species which vary most frequently and
nrymoet, and vnnet:u are oﬂm at first local—both
causes dis linksin any
one formation less likely. Loeul varieties will not spread
into other and distant regions until they are consider-
[ ly modlﬂed a.m‘l lmproved and when they do spread,
ion, they will appear
if suddenly urenwd there, and will be simply classed
new species. Most formations have been intermittent
their accumulation ; and their duration has probably
shorter than the average duration of specific forms.
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Successive formations are in most cases separated from
each other by enormous blank intervals of time; for fos-
siliferous formations thick enough to resist future degra-
dation clm genemlly be accumulated only where much

di ited on the subsiding bed of the sea.
During the alternate periods of elevation and of sta-
tionary level the record will be generally blank. During:
these latter periods there will probably be more vari-
ability in the forms of life ; during periods of subsidence,
more extinction.

With respect to the absence beneath the lowest Silu-
rian strata of formations rich in fossils of many kinds,
I can recur only to the hypothesis given in the ninth
chapter. That the geological record is imperfect all
will admit; but that it is imperfect to the degree which
1 require, few will be inclined to admit. If we look to
long enough intervals of time, geology plainly declares
that all species have changed; and they have changed
in the manner which my theory requires, for they have
changed slowly and in a graduated manner. We clearly
see this in the fossil remains from consecutive forma-.
tions invariably being much more closely related to
each other, than are the fossils from formations distant
from each other in time.

Such is the sum of the several chief objections and
difficulties which may justly be urged against my
theory; and I have now briefly recapitulated the answers:
and explanations which can be given to them. I have
felt these difficulties far too heavily during many years
to doubt their weight. But it deserves especial notice
that the more important objections relate to questi
on which we are confessedly ignorant ; nor do we knom
how ignorant we are. 'We do not know all the
transitional gradations between the simplest and
most perfect organs; it cannot be pretended that wi\
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know all the varied means of Distribution during the
lnnghpoenf years, or that we know how imperfect the

Geological Record is. Serious as these several diffi-
culties are, in my judgment they do not overthrow
the theory of descent from a fow primordial forms with
subsequent modification.

Now let us turn to the other side of the argument.
Under domestication we see much variability. This
seems to be in part due to the reproductive system
being eminently susceptible to changes in the conditions
of life; so that this system, when not rendered impotent,
fails to reproduce offspring exactly like the parent-form.
Variability is governed by many complex laws,—by
correlation of growth, by use and disuse, and by the
direct action of the physical conditions of life. There is
much difficulty in ascertaining how much modification
our domestic productions have undergone; but we may

long as the conditions of life remain the same, we have
reason to believe that a modification, which has already
been inherited for many generations, may continue to be
inherited for an almost inﬂnhonnmberofgmdma.
On the other hand, we have evidence that variability,
when it has once come into play, does not wholly cease ;
hnewmrmuu mmlloecnnmdlypodmedbyw

l[nn does not actually produce variability ; he only
intentionally exposes organic beings to newomdmm
life, and then nature acts on the and
variability. But man can and does select the
variations given to him by nature, and thus accumulate
them in any desired manner. He thus adapts animals
‘and plants for his own benefit or pleasure. He may do
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this methodically, or he may do it unconsciously by pre-
serving the individuals most useful to him without any.
thought of altering the breed. It is certain that he can
largely influence the character of a breed by selecting,
in each successive generation, individual differences so
slight as to be inappreciable by an uneducated eye.
This process of selection has been the great agency in
the production of the most distinct and useful domestie
breeds. That many of the breeds produced by man
have to a large extent the character of natural species,
is shown by the inextricable doubts whether very many
of them are varieties or aboriginally distinct species.
There is no obvious reason why the principles which
have acted so efficiently under domestication should not
have acted under nature. In the preservation of favoured
individuals and races, during the constantly-recurrent:
Struggle for Existence, we see the most powerful and
ever-acting means of selection. The struggle for exist-
ence inevitably follows from the high geometrical ratio
of increase which is common to all organic
This high rate of increase is proved by calculation,—by
the rapid increase of many animals and plants during &
succession of peculiar seasons, or when naturalised in
a new country. More individuals are born than
possibly survive. A grain in the balance will determine
which individual shall live and which shall die,—w]
variety or species shall increase in number, and whi
shall decrease, or finally become extinct. As the indi-
viduals of the same species come in all respects into the
closest competition with each other, the struggle
generally be most severe between them ; it will be
equally severe between the varieties of the same
and next in severity between the species of the
genus. But the struggle will often be very severe be
tween beings most remote in the scale of nature.
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slightest advantage in one being, at any age or during
any season, over those with which it comes into competi-
tion, or better adaptation in however slight a degree to
the surrounding physical conditions, will turn the balance.

With animals having separated sexes there will in
most cases be a struggle between the males for the pos-
session of the females. The most vigorons males, or
those which have most successfully struggled with their
conditions of life, will generally leave most progeny.
But success will often depend on the males having
special weapons or means of defence, or on their charms ;
and the slighest advantage will lead to victory.

As geology plainly proclaims that each land has
undergone great physical changes, we might have ex-
pected that organic beings would have varied under
nature, in the same way as they generally have varied
under the changed conditions of domestication. And
if there be any variability under nature, it would be an
unaccountable fact if natural selection had not come
into play. It has often been asserted, but the assertion
is quite incapable of proof, that the amount of varia-
tion under nature is a strictly limited quantity, Man,
though acting on external characters alone and often
eapriciously, can produce within a short period a great
result by adding up mere individual differences in his
domestic productions; and every one admits that there
are at least individual differences in species under na-
ture. DBut, besides such differences, all naturalists have
admitted the existence of varieties, which they have
considered sufficiently distinet to be worthy of record in
their systematic works. No one can draw any clear
distinction between individual differences and slight
varieties ; or between more plainly marked varieties
and sub-species, and species. On separate continents,
and on different parts of the same continent when

28
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divided by barriers of any kind, and on the several
islands in the same archipelago, what a host of forms
exist, which some experienced naturalists rank as mere
varieties, others as geographical races or sub-species, and
others as distinet, though closely allied species!

If then animals and plants do vary, let it be ever so
slowly or so little, why should we doubt that variations
in some way useful to them under their extremely com-
plex relations of life would occasionally occur, and then
be preserved and accumulated by natural selection?
Why, if man can by patience select variations most
useful to himself, should nature fail in preserving or
selecting variations useful, under ch ditions of
life, to her living products? What limit, can be put to
this power, acting during long ages and rigidly seruti-
nising the whole constitution, structure, and habits of
cach creature,—favouring the good and rejecting the
bad? I can see no limit to this power, in slowly and
beautifully adapting each form to the most complex
relations of life. The theory of natural selection, even
if we looked no farther than this, seems to me to be
in itself probable. I have already recapitulated, as
fairly as I could, the opposed difficulties and objections:
now let us turn to the special facts and arguments in
favour of the theory.

On the view that species are only strongly marked
and permanent varieties, and that each species first
existed as a variety, we can see why it is that no
line of demarcation can be drawn between species,
commonly supposed to have been produced by
acts of creation, and varieties which are acknowledged
to have been produced by secondary laws. On this 3
view we can understand how it is that in each
where many species of a genus have been prods
and where they now flourish, these same species

i
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present many varieties; for where the manufactory of
species has been active, we might expect, as a general
rule, to find it still in action; and this is the case if
varicties be incipient species. Moreover, the species
of the larger genera, which afford the great number of
varieties or incipient species, retain to a certain degree
the character of varieties; for they differ from each
other by a less amount of difference than do the species
of smaller genera. The closely allied species also of the
larger genera apparently have restricted ranges, and in
their affinities they are clustered in little groups round
other species—in both of which respects they resemble
varicties. These are strange relations on the view that
each species was independently created, but are intelli-
gible if cach existed first as a variety.

As each species tends by its geometrical ratio of
 reproduction to increase inordinately in number; and
‘as the modified descendants of each species will be
enabled to increase by so much the more as they
become diversified in habits and structure, so as to be
enabled to seize on many and widely different places
in the economy of nature, there will be a constant
tendency in natural selection to preserve the most
divergent offspring of any one species. Hence, during
a lang-eunﬁnﬁg course of modification, the slight
differences, characteristic of varieties of the same spe-
cies, tend to be augmented into the greater differences
characteristic of the species of the same genus. New
and improved varieties will inevitably supplant and
exterminate the older, less improved and intermediate

2382
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divergent in character. But as all groups cannot thus
succeed in increasing in size, for the world would not
hold them, the more dominant groups beat the less
dominant. This tendency in the lxrge groups to go on

ing in size and d g in together
with the almost inevitable ccmtmgency of much extines
tion, explains the arrangement of all the forms of life, in
groups subordinate to groups, all within a few great
classes, which has prevailed throughout all time. This
grand fact of the grouping of all organic beings is utterly
inexplicable on the theory of creation.

As natural selection acts solely by accumulating
slight, successive, favourable variations, it can produce
no great or sudden modification; it can act only by -
very short and slow steps. Hence the canon of “ Natura
non facit saltum,” which every fresh addition to our
knowledge tends to make truer, is on this theory simply
intelligible. We can see why throughout nature the
same general end is gained by an almost infinite diversity
of means; for every peculiarity when once acquired is
long inherited, and structures already diversified in many.
ways have to be adapted for the same general purpose.
We can, in short, see why nature is prodigal in variety,
though niggard in innovation. But why this should be
a law of nature if each species had been mdependenﬁy
created, no man can explain.

Many other facts are, as it seems to me, exphc:hh-
on this theory. How strange it is that a bird, under
the form of woodpecker, should have been created to
prey on insects on the ground; that upland geese,
which never or rarely swim, should have been created
with webbed feet; thut a thrush should have been
created to dive and feed on sub-aquatic insects;
that o petrel should have been created with habits
and structure fitting it for the life of an auk! and s
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on in endless other cases. But on the view of each
species constantly trying to increase in number, with
natural selection always ready to adapt the slowly vary-
ing descendants of each to any unoceupied or ill-occu-
pied place in nature, these facts cease to be strange, or
perhaps might even have been unﬁuip&md.

We can understand how it is that such harmonious
bennty generally prevails throughout nature. That there

are exceptions according to our ideas of beauty, no
one will doubt who will look at some of the venomous
snakes, at some fish, and at certain hideous bats with a
distorted resemblance to the human face. ~ Sexual selec-
tion has given, generally to the males alone but some-
times to both sexes, the most brilliant and beautiful
colours, as well as other ornaments, to our birds, butter-
~ flies, and a few other animals, It has rendered the
voices of many male birds musical to their females, as
well as to our ears. Flowers and fruit have been ren-
dered conspicuous by gaudy eolours in contrast with
the green foliage, in order that the flowers might be
easily scen, visited, and fertilised by insects, and the
froit have their seeds disseminated by birds. And
lastly, some living objects have become beautiful through
mere symmetry of growth.

As natural selection acts by competition, it adapts
the inhabitants of each country only in relation to the
degree of perfection of their associates; so that we
need feel no surprise at the inhabitants of any one
country, although on the ordinary view supposed to have
been specially created and adapted for that country,
being beaten and supplanted by the naturalised produe-
tions from another land. Nor ought we to marvel if
all the contrivances in nature be not, as far as we can
judge, absolutely perfect; and if some of them be ab-
horrent to our ideas of fitness. We need not marvel at
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the sting of the bee causing the bee’s own death; at
drones being produced in such vast numbers for one
single act, with the great majority slaughtered by their
sterile sisters ; at the astonishing waste of pollen by our
fir-trees; at the instinctive hatred of the queen bee
for her own fertile daughters; at ichneumonida feeding
within the live bodies of caterpillars; and at other such
cases. The wonder indeed is, on the theory of natural
selection, that more cases of the want of absolute per-
fection have not been observed.

The complex and little known laws governing varia-
tion are the same, as far as we can see, with the laws
which have governed the production of so-called specifie
forms. In both cases physical conditions seem to have
produced but little direct effect; yet when varieties
enter any zone, they occasionally assume some of the
characters of the species proper to that zone. In both
varieties and species, use and disuse seem to have pro=
duced some effect ; for it is difficult to resist this con=
clusion when we look, for instance, at the logger-headed
duck, which has wings incapable of flight, in nearly
the same condition as in the domestic duck; or when
we look at the burrowing tucutucu, which is occasionally
blind, and then at certain moles, which are habitually
blind and have their eyes covered with skin; or when
we look at the blind animals inhabiting the dark caves.
of America and Europe. In both varieties and species
correlation of growth seems to have played a most im=
portant part, so that when one part has been modified
other parts are necessarily modified. In both varieties
and species reversions to long-lost characters occur.
How inexplicable on the theory of creation is the vari-
able appearance of stripes on the shoulders and legs
of the several species of the horse-genus and of their
hybrids! How simply is this fact explained if we
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believe that these species have all descended from a
striped progenitor, in the same manner as the several
domestic breeds of pigeon have descended from the blue
and barred rock-pigeon

On the ordinary view of each species having been
independently created, why should the specific charac-
ters, or those by which the species of the same genus
differ from each other, be more variable than the generic
characters in which they all agree? Why, for instance,
should the colour of a flower be more likely to vary in
any one species of a genus, if the other species, supposed
to have been created independently, have differently co-
loured flowers, than if all the species of the genus have the
same coloured flowers? If species are only well-marked
varieties, of which the characters have become in a high
degree permanent, we can understand this fact; for
they have already varied since they branched off from a
common progenitor in certain characters, by which they
have come to be specifically distinet from each other;
and therefore these same characters would be more
hknlyutdlinbevmnhleﬂunhgumhchm

mous period. It is inexplicable on the theory of crea-
tion why a part developed in a vexy unusual manner in
any one species of a genus, and therefore, as we may
naturally infer, of great importance to that species,
should be eminently liable to variation ; but, on my
view, this part has undergone, since the several species
branched off from a common progenitor, an mmmul
amount of variability and modification, and fi

we might expect the part generally to be still variable.
But a part may be developed in the most unusual
manner, like the wing of a bat, and yet not be more
variable than any other structure, if the part be com-
mon to many subordinate forms, that is, if it has been
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inherited for a very long period ; for in this case it will
have been rendered constant by long-continued natural
selection.

Glancing at instinets, marvellous as some are, they
offer no greater difficulty than does corporeal structure
on the theory of the natural selection of successive, slight,
but profitable modifications. We can thus understand
why nature moves by graduated steps in endowing
different animals of the same class with their several
instinets.  Thave attempted to show how much light the
principle of gradation throws on the admiruble archi-
tectural powers of the hive-bee. Habit no doubt some-
times comes into play in modifying instinets; but it
certainly is not indispensable, as we see, in the case of
neuter insects, which leave no progeny to inherit the
effects of long-continued habit. On the view of all the
species of the same genus having descended from a
common parent, and having inherited much in common,
we can understand how it is that allied species, when
placed under widely different conditions of life, yet
should follow nearly the same instinets; why the
thrushes of tropical and temperate South America, for
mstamc, line their nests with mud like our British
species.  On the view of instinets having been slowly
acquired through natural selection we need not marvel
at some instinets being apparently not perfect and liable
to mistakes, and at many instincts causing other animals
to suffer,

If species be only well-marked and permanent varie-
ties, we can at once see why their crossed offspring
should follow the same complex laws in their degrees
and kinds of resemblance to their pavents,—in being
absorbed into each other by successive crosses, and in
other such points,—as do the crossed offspring of
acknowledged varieties, On the other hand, these
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would be strange facts if species have been indepen-
dently created, and varieties have been produced by
secondary laws.

If we admit that the geological record is imperfect
in an extreme degree, then the facts, which the record
does give, strongly support the theory of descent with
modification. New species have come on the stage
slowly and at successive intervals; and the amount of
change, after equal intervals of time, is widely different
in different groups. The extinction of species and of
whole groups of species, which has played so con-
spicuous a part in the history of the organic world,
almost inevitably follows on the principle of natural
selection ; for old forms will be supplanted by new and
improved forms. Neither single species nor groups of
species reappear when the chain of ordinary genera-
tion has once been broken. The gradual diffusion of
dominant forms with the slow modification of their de-
scendants, causes the forms of life, after long intervals
of time, to appear as if they had changed
throughout the world. The fact of the fossil remains of
each formation being in some degree intermediate in
character between the fossils in the formations above
and below, is simply explained by their intermediate
position in the chain of descent. The grand fact that
n!lexhnctorgmwbdnglbelmg'»lheume-ym
with recent beings, falling either into the same or into
intermediate groups, follows from the living and the
extinct being the offspring of common parents, As the
groups wluuh hue dmended from an ancient progenitor

ve. g P
-mh its e:rly d: '\ll often be i diate in

ison with its later d dants ; and

thus wemnmwhyﬂmmolemthlo-ﬂu,the

oftener it stands in some degree intermediate between
2838
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existing allied groups. Recent forms are generally
looked at as being, on the whole, higher than ancient
and extinet forms; and they are higher in so far as the
later and more improved foms have conquered the older
and less improved organic beings in the struggle for
life; they will also generally have had their organs
more specialised for different functions. This fact is
perfectly compatible with numerous beings still retain-
ing a simple and little improved organisation fitted for
simple conditions of life; it is likewise compatible with
some forms having retrograded in organisation, thongh
becoming under each grade of descent better fitted
for their changed and degraded habits of life. Lastly,
the law of the long endurance of allied forms on the
same continent,—of marsupials in Australia, of edentata
in America, and other such cases,—is intelligible, for
within a confined country, the recent and the extinet
will be closely allied by descent.

Looking to geographical distribution, if we admit that
there has been during the long course of ages much
migration from one part of the world to another, owing
to former climatal and geographical changes and to
the many occasional and unknown means of dispersal,
then we can understand, on the theory of descent with
modification, most of the great leading facts in Distribu-
tion. We can see why there should be so striking a

in the distribution of organic beings through-
out space, and in their geological succession throughout
time; for in both cases the beings have been connected
by the bond of ordinary generation, and the means of
modification have been the same. We see the full
meaning of the wonderful fact, which has struck every
traveller, namely, that on the same continent, under
the most diverse conditions, under heat and cold, on
mountain and lowland, on deserts and marshes, most of
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the inhabitants within each great class are plainly re-
lated ; for they generally are the descendants of the
same progenitors and early colonists. On this same
principle of former migration, combined in most cases
with modification, we can understand, by the aid of the
Glacial period, the identity of some few plants, and
the close alliance of many others, on the most distant
mountains, and in the northern and southern temperate
zones; and likewise the close alliance of some of the
inhabitants of the sea in the northern and southern
temperate latitudes, though separated by the whole in-
tertropical ocean.  Although two countries may present
physical conditions as closely similar as the same species
ever require, we need feel no surprise at their inha-
bitants being widely different, if they have been for a
long period completely sundered from each other; for as
the relation of organism to organism is the most im-
portant of all relations, and as the two countries will
have received colonists from some third source or from
each other, at various periods and in different propor-
tions, the course of modification in the two areas will
inevitably have been different.

On this view of migration, with subsequent modifica~
tion, we see why oceanic islands are inhabited by only
few species, but of these, why many are peculiar or
endemic forms. We clearly see why species of those
groups of animals which cannot cross wide spaces of
ocean, as frogs and terrestrial mammals, do not inhabit
oceanic islands; and why, on the other hand, new and
peculiar species of bate, animals which can traverse the
©ocean, are o often found on islands far distant from any
continent. Such facts as the presence of peculiar species
of bats, and the absence of all other mammals, on
oceanic islands, are utterly inexplicable on the theory of
independent acts of creation.
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The existence of closely allied or representative spe-
cies in any two aveas, implies, on the theory of descent
with modification, that the same parents formerly in-
habited both areas; and-we almost invariably find that
wherever many closely allied species inhabit two areas,
some identical species common to both still exist there.
‘Wherever many closely allied yet distinet species occur,
doubtful forms and varieties of the same species like-
wise occur. It is a wule of high generality that the
inhabitants of each area are related to the inhabitants
of the nearest source whence immigrants might haye
been derived. 'We see this in nearly all the plants and
animals of the Galapagos archipelago, of Juan Fer-
nandez, and of the other American islands being related
in the most striking manner to the plants and animals
of the neighbouring American mainland ; and those of
the Cape de Verde archipelago and other African islands
to the African mainland. It must be admitted that
these facts receive mo explanation on the theory of
creation.

The fact, as wo have seen, that all past and present
organic beings constitute one grand natural system, with
group subordinate to group, and with extinet groups
often falling in between recent groups, is intelligible
on the theory of natural selection with its contingencies
of extinction and diverg of ch n these
same principles we see how it is, that the mutunal
affinities of the species and genera within each class
are so complex and circuitous. We see why certain
characters are far more serviceable than others for
classification ; — why adaptive characters, though of
paramount 1mportance to. '.he being, are of hardly any

; why ch derived
from md.lmentm"y parts, though of no service to the
being, are often of high classificatory value; and why
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embryological characters are often the most valuable of
all. The real affinities of all organic beings are due
to inheritance or community of descent. The natural
system is a genealogical arrangement, inwhich we have
to discover the lines of descent by the most perma-
nent characters, however slight their vital importance
may be.

The framework of bones being similar in the hand
of a man, wing of a bat, fin of the porpoise, and leg
of the horse,—the same number of vertebrse forming
the neck of the giraffe and of the elephant,—and innu-
merable other such facts, at once explain themselves on
the theory of descent with slow and slight successive
modifications. The similarity of pattern in the wing and
leg of a bat, though used for such different purpose,—in
the jaws and legs of a crab,—in the petals, stamens, and
pistils of a flower, is likewise intelligible on the view of
the gmdnal modification of parts or organs, which were
alike in the early progenitor of each class. On the prin-
ciple of successive variations not always supervening at
an early age, and being inherited at a corresponding
not early period of life, we clearly sce why the embryos
of mammals, birds, reptiles, and fishes are so closely
similar, and are so unlike their adult forms. We may
cease marvelling at the embryo of an air-breathing
mammal or bird having branchial slits and arteries
running in loops, like those in a fish which has to
breathe the air dissolved in water by the aid of well-
developed branchice,

Disuse, aided sometimes by natural selection, will
often tend to reduce an organ, when it has become
useless by changed habits or under changed conditions
olhfe, and we can elearly understand on this view the
meaning of rudimentary organs. But disuse and selec-
tion will generally act on each creature, when it has

-
-
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come to maturity and has to play its full part in the
struggle for existence, and will thus have little power.
of acting on an organ during early life ; hence the organ
will not be much reduced or rendered rudimentary at
this early age. The calf, for instance, has inherited
teeth, which never cut through the gums of the upper
jaw, from an early progenitor having well-developed
teeth; and we may believe, that the teeth in the
mature animal were reduced, during successive genera-
tions, by disuse, or by the tongue and palate, or lips,
having become better fitted by natural selection to
browse without their aid ; whereas in the calf, the teeth
have been left untouched by selection or disuse, and on
the principle of inheritance at corresponding ages have.
been inherited from a remote period to the present day.
On the view of each organic being and each of its sepa-
rate parts having been specially created, how utterly
inexplicable it is that organs, like the teeth in the em-
bryonic calf or the shrivelled wings under the soldered.
wing-covers of some beetles, should thus so frequently
bear the plain stamp of inutility! Nature may be said
to have taken pains to reveal, by rudimentary organs
and by homologous structures, her scheme of modifica~
tion, which it seems that we wilfully will not under-
stand.

T have now recapitulated the chief facts and consider-
ations which have thoroughly convinced me that sp
have been modified, during a long course of d
by the preservation or the namm] selection of n

ht i I cannot ‘be:

lieve that a false theory would explain, as it seems to
me that the theory of natural selection does exp
the several large classes of facts above specified. It!
1o valid objection that science as yet throws no light ¢
.
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tion ; notwithstanding that Leibnitz formerly acensed
Newton of introducing “occult qualities and miracles
into philosophy.”

I see no good reason why the views given in this
volume should shock the religious feelings of any one.
It is satisfactory, as showing transient such im-
pressions are, to remember that the greatest discovery
smmndubymm,mmdythhwdthmd
gravity, was mmub;uu-.--m
of natural and inferentially of revealed religion.” A

H

 celebrated author and divine has written to me that

“he has gradually learnt to see that it is just as noble
a conception of the Deity to believe that He created
a few original forms capable of self-development into
other and needful forms, as to believe that He required
a fresh act of creation to supply the voids caused by the
action of His laws.”

Why, it may be asked, have nearly all the most
eminent living naturalists and geologists rejected this
view of the mutability of species? It cannot be

pro-
ductions was almost unavoidable ulmg-ﬁullmy
of the world was thought to be of short duration ; and
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now that we have acquired some idea of the lapse of
time, we are too apt to assume, without proof, that
the geological record is so perfect that it would have
afforded us plain evidence of the mutation of species,
if they had undergone mutation.

But the chief cause of our natural unwillingness to
admit that one species has given birth to other and
distinct species, is that we are always slow in admitting
any great change of which we do not see the interme-
diate steps. The difficulty is the same as that felt by
so many geologists, when Lyell first insisted that long
lines of inland cliffs had been formed, and great valleys
excavated, by the slow action of the coast-waves. The
mind cannot possibly grasp' the full meaning of the -
term of a hundred million years; it cannot add up
and perceive the full effects of many slight varia-
tions, accumulated during an almost infinite number of
generations.

Although I am fully convinced of the truth of the
views given in this volume under the form of an
abstract, I by no means expeet to convince experienced
naturalists whose minds are stocked with a multitude
of facts all viewed, during a long cowrse of years, from
a point of view directly opposite to mine. It is so easy
to hide our ignorance under such expressious as the
< plan of creation,” “ unity of design,” &e., and to think
that we give an explanation when we only restate a fact.
Any one whose dlsposmon leads him to attach more
weight to ) lties than to the expl
tion of a certain number of facts will certainly rej
my theory. A few naturalists, endowed with much
flexibility of mind, and who have already begun to
doubt on the immutability of species, may be influ
by this volume; but I look with confidence to the future,
to young and rising naturalists, who will be able to.

Ey The Catntlara Wark Bk ardis Diarn G



4

Citar, XIV. CONCLUSION. 569

view both sides of the question with impartiality. Who-
ever is led to believe that species are mutable will do
good service by conscientiously expressing his convie-
tion ; for only thus can the load of prejudice by which
thumb;ectunvmhelmdhmeﬂ.

Several eminent naturalists have of late published
their belief that a multitude of reputed species in each
genus are not real species; but that other species are
real, that is, have been independently created. This
seems to me a strange conclusion to arrive at.
admit that a multitude of forms, which till lately
 they themselves thought were special creations, and
which are still thus looked at by the majority of natu-
ralists, and which consequently have every external
characteristic feature of true species,—they admit that
these have been produced by variation, but they refuse
to extend the same view to other and very slightly
different forms. Nevertheless they do not pretend that
“they can define, or even conjecture, which are the
ercated forms of life, and which are these produced by
secondary laws. They admit variation as a vera causa
in one case, they arbitrarily reject it in another, without
assigning any distinction in the two cases. The day will
come when this will be given as a curious illustration of

than at an ordinary birth. But do they really believe
that at innumerable periods in the earth’s history cer-
tain elemental atoms have been commanded suddenly
wﬂ.nhintnlivingﬁ-uu? Do they believe that at
mhmppowdu-t creation one individual or many

were produced? Were all the infinitely numerous
kinds of animals and plants created as eggs or seed, or
as full grown ? and in the case of mammals, were they
created bearing the false marks of nourishment from

® The Complete Work of Charles Darwin Online



570 CONCLUSION. ~Caar. XIV.

the mother's womb? Undoubtedly these same ques-
tions cannot be answered by those who, under the pre-
untmdmenm.behevemdlamnofnh

scent from a singlo parent.
Itmy be asked how far I extend the doetnneoldu:
of species. The question is difficult to
answer, because the more distinct the forms are which
we may consider, by so much the arguments fall away
in force. But some arguments of the greatest weigh
oxtend very far, All the members of whole classes

to fill up very wide intervals between existing ord
Organs in a rudimentary condition plainly show
an early progenitor had the organ in a fully de
state ; nndthum-omeinmmelneomnlym

amount of

" braces all the members of the same class. 1 believe
anfmals have descended from at most only four or
progenitors, and plants from an equal or lesser nun

Analogy would lead me one step farther, namely, 16
the belief that all animals and plants have descends
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" from some one But analogy may be a de-

prototype.
ceitful guide. Nevertheless all living things have much
in common,—in their chemical composition, their cellu-
lar structure, their laws of growth, and their liability to
injurious influences. We seo this even in so trifling a
circumstance as that the same poison often similarly
affects plants and animals; or that the poison secreted
by the gallfly produces monstrous growths on the wild
rose or oak-tree. In all organic beings the union of a
male and female elemental cell seems occasionally to be
necessary for the production of a new being. In all, as
far as is at present known, the germinal vesicle is the

main_ divisions—namely, to the animal and vegetable
i in low forms are so far intermediate

mediate form, both animals and plants may have been
developed ; aud, if we admit this, we must admit that
all the organic beings which have ever lived on this
earth may have descended from some one primordial
form. But this inference is chiefly grounded on analogy,
and it is immaterial whether or not it be accepted. The
case is different with the members of each great class,
as the Vertebrata, the Articulata, &e.; for here, as I
have just remarked, we have in the laws of homology
and embryology, &e., distinet evidence that all have
descended from o single parent.
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When the views advanced by me in this volume,
and by Mr. Wallace in the Linnean Journal, or when
analogous views on the origin of species are generally
admitted, we can dimly foresee that there will be a
considerable revolution in natural history. Systematists
will be able to pursue their labours as at present; but.
they will not be incessantly haunted by the shadowy
doubt whether this or that form be in essence a species.
This I feel sure, and I speak after experience, will be

will cease. Systematists will have only to decide (not
that this will be easy) whether any form be sufficiently
constant and distinet from other forms, to be capable
of definition; and if definable, whether the differences
be sufficiently important to deserve a specific name,
This latter point will become a far more essential consi-
deration than it is at present; for differences, however
slight, between any two forms, if not blended by int
mediate gradations, are looked at by most naturalists
asmﬁmnzwmwbolh[nmsmthcmnkof e
wo_sliall be compelled to )
the only distinction between species and well-ma
varieties is, that the latter are known, or believed, to
counected at the present day by intermediate gradati
whereas species were formerly thus connected.
without rejecting the consideration of the present
ence of intermediate gradations between any two
we shall be led to weigh more carefully and to
higher the actual amount of difference between
It is quite possible that forms now generally a
ledged to be merely varieties may hereafter be thor
worthy of specific names ; and in this case scientific and’
common language will come into accordance. In short
we shall have to treat species in the same manner a8
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those naturalists trentgeun.wlw admit that genera
are merely artificial combi made for
This may not be a cheering prospect; but we shall at
least be freed from the vain search for the undiscovered
and undiscoverable essence of the term species,
The other and more general departments of natural
buwrymllmegnnlyinmm The terms used by
of affinity, ity of type,

P adaptive
lndul»rwdmg-m,&c,wﬂlenn'nbemmphma!,
and will have a plain signification. When we no longer
look at an organic helugulnmgoloohlﬂ.alhxp,u
at something wholly beyond his ; when
we regard every pﬁmdm"m'mhu
had a h‘u'ary; when we contemplate every eomplex
structure and instinet as the summing up of many con-
trivances, each useful to the possessor, nearly in the
same way as when we look at any great mechanical
hvmumnsthesmmmgupddnhbowhq.-
rience, the reason, and even the blunders of numerous
workmen ; whanwothmvhwuhupmbmg,hﬂv
far more interesting,—I speak from experience,—will
the study of natural history become !

A grand and almost untrodden field of inquiry will
be opened, on the causes and laws of variation, on cor-
relation of growth, on the effects of use and disuse, on
ﬁadmuhnnofcxtemn!wndnhmmd-oforﬂ:.
The study of domestic productions will rise immensely
in value. A new variety raised by man will be a
more important and interesting subject for study than
one more species added to the infinitude of already re-
‘corded species. Our classifications will come to be, as
far as they can be s0 made, genealogies ; and will then
truly give what may be called the plan of creation,
The rules for classifying will no doubt become simpler
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when we have a definite object in view. We possess no
pedigrees or armorial bearings; and we have to dis-
cover and trace the many diverging lines of descent in
our natural genealogies, by characters of any kind which.
have long been inherited. Rudimentary organs will
speak infallibly with respect to the nature of long-lost
structures. Species and groups of species, which are
called aberrant, and which may fancifully be called
living fossils, will aid us in forming a picture of the
ancient forms of life. Embryology will often reveal to
us the structure, in some degree obscured, of the proto-
types of each great class.
en we can feel assured that all the individuals
of the same species, and all the closely allied species of
most genera, have within a not very remote period de-
scended from one parent, and have migrated from some
one birthplace; and when we better know the many.
means of migration, then, by the light which geology
now throws, and will continue to throw, on former
ges of climate and of the level of the land, we shall
surely be enabled to trace in an admirable manner the.
former migrations of the inhabitants of the whole world.
Even at present, by comparing the differences of the.
inhabitants of the sea on the opposite sides of a conti-
nent, and the nature of the various inhabitants of that.
continent in relation to their apparent means of immi-
gration, some light can be thrown on ancient geography.
The noble science of Geology loses glory from the
extreme imperfection of the record. The crust of the
carth with its embedded remains must not be looked at
as a well-filled museum, but as a poor collection made.
at hazard and at rare mtervﬂ]s The accumulation of
each great ion will be
having depended on an unusual concurrence of circum-
stances, and the blank intervals between the successive:
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stages as having been of vast duration. But we shall
be able to gange with some security the duration of
these intervals by a comparison of the preceding and
succeeding organic forms. We must be cautious in
attempting to correlate as strictly contem,

two formations, which include few identical species,
by the general succession of their forms of life. As
lpecms are produced and exterminated by slowly act-
ing and stilf existing causes, and not by miraculous
acts of mhonmdbyuh&ophu and as the most
important of all causes of organic change is one which
is almost independent of dmed and perhaps suddenly
altered ph)swn.l v:ondmnna, unm.ly, the mutual relation
of —the i

of one
wag enuuhu,, the imp: or the
of others; it follows, that the amount of organic change
in the fossils of consecutive formations probably serves
8 o fair measure of the lapse of actual time, A number
of species, however, keeping in a body might remain for
8 long period unchanged, whilst within this same period,

orm ofhfe were probably fewer and simpler, the rate

change was probably slower; and at the first dawn

o life, when very few forms of the simplest structure

xisted, the rate of change may have been slow in an

eme degree, The whole history of the world, as at

ent known, A!thongh of a langth quite incompre-
be recoguised as
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In the distant fature I see open fields for far more
important researches. Psychology will be based on &
new foundation, that of the necessary acquirement of
each mental power and capacity by gradation. Light:
will be thrown on the origin of man and his history.

Authors of the highest eminence seem to be fully
satisfied with the view that each species has been inde-
pendently created. To my mind it accords better with
what we know of the laws impressed on matter by the
Creator, that the production and extinction of the past
and present inhabitants of the world should have been
duo to secondary causes, like those determining the
birth and death of the individual. When I view all
beings not as special creations, but as the lineal de-
scendants of some few beings which lived long before the'
first bed of the Silurian system was deposited, the;
to me to become ennobled. Judging from the past,
may safely infer that not one living species will trans
mit its unaltered likeness to a distant futurity. And
the species now living very few will transmit pro
of any kind to a far distant futurity ; for the manner
which all organic beings are grouped, shows that.
greater number of species of each genus, and all
species of many. genera, have left no descendants,
have become utterly extinct. We can so far take
prophetic glance info futurity as to foretell that it
be the common and widely-spread species, belongmg
the larger and dominant groups within each class, whic
will ultimately prevail and procreate new and domin
species. As all the living forms of life are the I
descendants of those which lived long before the Silu
epoch, we may feel certain that the ordi s
by generation has never once been broken, amd that
eataclysm has desolated the whole world. Hence
may look with some confidence to a secure future
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equally inappreciable length. And as natural selection
works solely by and for the good of each being, all cor-
poreal and mental endowments will tend to progress
towards perfecv.mn

It is an led bank,
clothed with mnny pls.nts of many kinds, with birds
singing on the bushes, with various insects flitting about,
and with worms crawling through the damp earth, and
to reflect that these elaborately constructed forms, so
different from each other, and dependent on each other
in so complex a manner, have all been produced by
laws actingaround us. These laws, taken in the largest
sense, being Growth with Reproduction; Inheritance
which is almost implied by reproduction ; Variability
from the indirect and direct action of the external con-
ditions of life, and from use and disuse ; a Ratio of In-
crease 5o high as to lead to a Struggle for Life,and as a

to Natural Selection, entailing Diverg

of Character and the Extinction of less-improved forms.
Thus, from the war of nature, from famine and death,
the most exalted object which we are capable of con-
ceiving, namely, the pmductmnnfﬁxe hlgher animals,
directly {nllowm There is grandeur in this view of life,
with its several powers, having been originally breathed
by the Creator into a few forms or into one; and that,
whilst this planet has gone eyd.mgonweoudmgtothe
fixed law of gravity, from so simple a beginning endless
forms most beautiful and most wonderful have been,
and are being, evolved.

2¢
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Circumstances favournble to sclec-
tion of domestic products, 42,

Cl lants, 221,
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BOSWELLS (Jaxss) Life of Samuel Johnson, LLD. Includ-
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BREWSTER'S (8:a Daviv) Martyrs of Science, or the Lives of
‘Gallles, Tycho Brabe, aod Kepler. Fourth Blicion. Feap.Svo. e 6L

BRITISH %ﬁloﬂ m&w‘l‘:‘ l.l'la Y.l:l;k I:: Oxford,
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In Preparation.
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— Liife of Lord Chancellor Bacon. Feap. Svo. 2064,
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of the Early Flemish Painters. Woodcuts. Post 8vo. 12,

CHAMBERS" (G.F.) Handbook of Descriptive and Practical
Astronomy, Tilustrations, Post Svo. 125,
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CLIVES (Loxs) Life. By Rev. G.R. Gusto, M.A. Post8vo. 3s.6d.
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Portralt. Feap. Sve. s
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tho Hebrides, - Poréraits, Royal
———— Basays on the Early Perio of e French Revoltion
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iographical Notice.” 2mo.
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CU!“"NGHAHS (Antax) Poem and Songs. Nw ﬂrll eol-
arranged, with B 20,64
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Book, acies.  1%mo. de. 6
CURZON'S (How, Rossas) Anrrs s»p Ensesov: A Yetr on
the Froutiers of ll.h, Turkey, aod Persia. Third Edition. Wood-
cuta, Post vo. 7. 6.
CUBTS (Grrenay). Annnh of the Wars of the 18h & 19th Centorics.
8o,

UrenL Grammar, for the use of

Hvel lnd Chlrlctsn of the Warriors of All Nations who
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Evo,
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Carthiginia. Ilusteations. Svo. 10s.
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DELEPIERRE'S (Ocravs) History of Flemish Literature. From
the Twalfth Cantury. Svo. 9u. *
(Guonow) Cities snd Cemeteries of Etruria. Plstes.
2Vels, Svo. 43n.

DERBY'S (Epwaxo Eant oy) Translation of the Iliad of Homer
into Eagiish Blank Verse. 2 Vols, 8vo, 3.

DIXOI%’E (Kl?':l?‘l‘) Story of the Life of Lord Bacon, Portrait.
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. Bvo,
DOG-BREAKING ; the Most Expediti Cert and Easy
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mm E)Bhnr] of Modern FEurope, from the
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trated from the Old Masters. 2 Vols. PostSvo. 30e.
EASTWICK'S (E. B) mnn-w-am
( ) Officers, &e. Map. 2 Vols. Post8vo. 34s.
EDWARDS' (W. H.) Voyage up the Amnzon,
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BLDOXN'S (Lows) Publio and Prirate Life with Slestions from
and Diaries. Third Bitcn
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BLLESMERES (Low) Two Siegos of Viomaa by the Turks.
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= —— Campaign of 1812 in Russis, from the German
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Fn“m:ﬂnl Svo, 12
ELPHINSTONES (Hox. Movxtstuans) History of Tndia—the
Hindoo and Mahomedan Periods. Fourth Edition. Map. 8vo.18s.
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vo.
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EXETERS (Buanor o) Letters to the Iate Charles Butler, on the
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FOSS' (Bdward) Judges of England. w1 muuh- their
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tions revised by the Anthor, Edited by Peraa Coxxvo-
i 4 Vol Grac B (HurTay's ‘Classies.)
uumoxn‘s {Renx Fox W. R) Piamnelal Shafemanty 471503,
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Lagiea. 3. The Prisoners: of ¥

nuuom-s (u-m) Personal Narratve of Tyo Yeaes Iprison:
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GREECE (Tux Sropsxr's e o). * From the Earliest
Times 0 (3 -
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ronnou..u-a.A-. Map. Post 8vo.
T SORTH ITALY, Piedmont i, Veneti,
Lombardy, Parma, and Romagoa. Map.
mu.mm L 'h-nyl’ln-n-,
mwﬁmﬁmummn
~—————— ROME axv 11s Bxvinoxs.  Map. Pest §vo. 9.
i, SOUTH, ITALY, Two Siclis, Naples, Pompeii,
e e
—~ _nu.ruclowml'mml.m Post 8v0. Gs.
= Y, Palermo, Mesina, Catan , Eina,
Mﬂll‘.lh‘ﬂlﬂm l::p, P-hvnmm >
PAINTING. Tho lalan Schools, ¥rom the German
of Koawsn Edited by Sir Cuasues Easriaxs, LA, Woodcuts.
2 Vols. PostSvo. 30s.

LIVES OF THE EARLY ITALIAN PAm
4 Proatam or PAtrrino 1 AT, frem Conames:
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HANDBOOK—DICTIONARY OF ITALIAN PAINTERS. By
Fdited by Rarrn Wousox. Wi Chart. Post Sve. 6s.64.
. OREE om;ncz, the Ionian mmu, Albania, Thessaly,
'mmY lhle-. Ad- Minor, Constan
Ammh Maps. Post 8vo. (hlhh—)
s JOTRT, Thebes, uu Nile, Alexandris, Cairo,
the Pyramids, Mount Sixal,
— —— SYRIA & PALns'HNn P-nluul. of Sinai, Edom,
Wl Syrian Desert. Maps, 2 Vols, Post8vo, 2s,

BOMBAY AND MADRAS. Map. 2 Vols. Post
“Somway, Map, Post 8vo, 5.

DENMARK, Sweosx and Nowwar, Maps. Post

r‘:: l:‘:xa.lmsu, Tz Bavzio xp Fisiasn, Maps. Post

DERN LONDON. A Complats Guids to all

the (Ignu IM Objects of Interest in the Moetropolis. Map. 16mo,

WESTMINSTER ABBEY. Woodents. 16mo. 1s.
KENT AND 6USSEX, Canterbury, Dover,

i, o B

Rams-
htco, Clicbeater,
Pout vo. 105,
SURREY, HANTS, Kingston, Croydon, Reigate,
G, Winehest, Southmion, Pormcat, i 1l of Wigh

BFB.KS BUCKB AND OXON, Windsor, Eton,
Rending, Aylesbury, Usbridge, Wycombe, Henlay, the Gty sad Uni;
S Ol ot o DN B ‘Maideuhead ‘and
Windior

s, nomax'r AND SOMERSET, Salibury,
Chippentam, Weymoth, ‘Sherborne,
ap. Pout Gvo, 78,60,
DEVON AND CORNWALL, Exster Tifacombe,
Linton, 8idmouth, Dawlish, Teignmouth, I'l mouth, Devonport, Te
o, e, Teus, Finzasee, FAtout, b Mope, Font Svo.
o
NORTH AND SOUTH WALES, Bangor, Car-
Bnowdon. Conway, Menai cthen,
h)lvh,’(nby. Swanses, The Wy-.lm llnpn. lell Post Bvo.

o
" CATHEDRALS OF ENGLAND—Southern Divi-
Winchestr, Salsbury, Exter, Wells, Ohichastr, Rochester,

Comtorvary. Wi 10 Tiafraions. "2 Vels,
~ CATHEDRALS OF ENGLANn—&m Divi-
Norwich, Ely, and Lincoln. With 90

ford,

iatons.Crown Sve

CATHEDRALS OF I‘(GLAND—Wum-n Divi-

sion, Bristol, Glousester, Horsford, r, and Lichfetd. With 80
linitrations. Crown Svo. 16a,

FAMILIAR QUOTATIONS. From English Authors.
Edition. Feap.Svo. bs.
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HEBER'S (Brsnor) Journey through India.  Twclfth Edition.
l'*.f-l‘u.'& X
Poetical Works. Sicth Edition. Portrait. Feap. 8vo. 6.
Dgﬂ’l A!’umv—.‘. Edited, '?laa
and Rasays, grographical.
:.II-. Seoomd bt -.‘l.llu"m l'?l-?ﬁ. u"
HESSEY . D). 8 —Its Origin, History, and Present
L e o R

HICKMAN'S (Wx.) Treatise on the Lsw and Practice of Naval
Courte-Martial, Sve. 10n. 62

HILLARD'S (G. 8,) Six Months in Italy. 2 Vols. Post 8ve. 16s.
HOLLWAY'S (V. G.) Month in Norway, Feap. 8vo. 2s,

HONEY BEE ('I'll). An Esay. By Rev. 'l‘uln Jaxus.
‘Reprinted from the “ Quarterly Review.”  Feap. vo.

HOOK'S (Duas) Church Dictionsry.  Ninth Edition. 8vo. 16e.
o Tusosamn)lie, By 1. G. Locxnasr. Reprnted from the

linoﬁlk's(br!b)!l-nlmllmﬂ- o, Notesof an Orleaial
‘Nturaiist In Bengal, the Sikkia and Nepal 1
Mountaing, &e. Sccond Blition. Wosdosts. 2 Vola, h |l1
A. 3. ish Cathedral of the
HOPES (A. J. Brxmrows) Eaglih Cath Nineteests
HORACE (Works Edited by Deax Muaeax,  With 300
e
—— (Life of). By Deax Misax. Woodeats, and colourel
Borders, Sve. Bu.
TUAES (Tux Sreuwars) Historyof Bagland, from the Tavasion

of Julins Comar 1o the
to 185, Edited by Dr. Wrn. Suith, Weodeass. Post vo. T4, 6

HU'I‘CKIF!O ﬂ. on the M':rdiﬂn; cortain, lml
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HUTTONS m%: an l-“: to the Study
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HOME AND COLONIAL TLIBRARY.

A Series of Works

for al circles and classos of
acknowledged interest aod ability of
Published at 2. and v 6 ench, and
‘hends as follows :—
CLASS A.

HISTORY, BIOGRAPHY, AND HISTORIC 3
IEGE OF axn.u.'ml. By | 1. THE SIEGES OF VIENNA.
Joux DuixkwaTES, By Lo %,

2,708 LenERs mrcm By | 13, THE WAYSIDE CROSS. By
urr Ganoox, 3. Carr, Mriaax, .

% cnmawsvn AND BUNYA
}y Bowaxt Sours

(8 mlm Sin FRAX mxcxsvnn.

n.u uun % wasusg.

. By Rev. G. R, Gua. 21,

m'rn FRENCH IN ALGIERS.
By LavY Dury Gomsox. 2.

7. THE PALLOF THE JESULTS.

8 LIVONIAN TALES. 2.

9 LIPB OF CONDE. By Loxo M-

Wy mumms By Rsv.
Q.. Gunto,

VOYAGES, TRAVELS
1. BIBLE IN SPAIN. By Grosor
Bowsow. s 6d.

2 GPSIES or SPAIN, By Guosen
:unaounuu ININDIA, By

G TRAVELS i znk novu.um

7. LETTERS PROM ruz BALTIC.
By & Laor.
& NEW SoUTH Y :u.u. By Mus.

0. THE WEST INDIES. By M.G.
wis, %,

:
oS SR,

11. MEMOIRS OF PATHER RIPA.

By

17, HISTORICAL  ESSAYS. By
0 ManoN.

18, Ln': on mm By

cuv&

Guuio. 8. 84.

1 wrm v-ﬁn RAIL-

WAY. By i . B.Huao, 2.

LIFE OF MUNRO, ByRev.G.
R Gueso, 84,64,

AND ADVENTURES.
15, LETTERS FROMMADRAS. by
16. NGULAXD SPORTS.
anias . Jous, Becet.
. wumn JOURNEYS. Bysm
F. B, Hudo, i
16 GATHERINGS FROX SPAIX.
19, THE TIVER AMA: n.
A w By
AT S cvnroxs oF
INDIA. . Acaxp. 2.
. vm 1§ aexICO,
Dy G, F. = Ty
1% PORTUGAL AXD GALLICIA.
. uvlu mrxm Anmu.u
v, I, W. Havoarr. 2,
u'nu; LIBYAN DESERT. By
Favia Sr, Joms, 24,

12. 13, TYPEE AND 0!:()'0& P
Hrmsaxy Mtvinee. % | %5 SIEKRA LEONE. Taor.
4. MISIONARY LIFE 1N OAX- et oy
llt'.h ‘work may te had separately,
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J_&m A New Translation, with

w-b Temans snd Wour.
Thirty-sighih Thoussnd. Post Sve. 2. !

JAMESON'S Lives of the Barly
m..uu%l.." il the ".L“"":"' n xu,.
JESSES (hnn) m—h.-hnmulm‘q. Eighth Edition.

lm“ﬂh.h.nl)ﬂh By James Boswell. Including
S Ton o i Sebubdn. Ediied by the late Ma. Caoxaa. Portraits.

g Lives of the ot gminent Baglih Poets. Edled
Parea Conmwenax. 3 vols. fve.
JOURNAL OP A NATURAVLIST. Woodeats. Post Svo. S 6d.
KENS (Bamop) Lie, By A Lavss. Second Edion. Portrait.
_..,.u. tho Aposlos’ Crood, Eitattol
“ Practics of Divine Love.’ '-: 1n. 04, - 2
— Arproach b the Holy Al Brtrsoed from b « Mol

o
v, & W) laln Valls of the Als; s Tour
e o Rt B e e
Ty ‘&.—.—.-"‘.&.""’ -~
KING EDWARD Vim's Latin or, sn Introduction
hh__hhh Satwnth Kitiem. 12mo.
u‘m ‘I tﬁé‘-"‘

KIRK'S (J, mmuydmummum

KERR'S (Rostar) GRNTLEMAN'S HOUSE; on, How 1o Pias
Evousen Keuuascm, Feon e Pamwsias v vus Patace With
-u—---uq and & Beries of Sebecind Viows

c1
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KUGLER'S Italian Schools of Painting. Edited, with Notes, by
Sim Cuanuns EAStuAXE. Third Edition, Woodeats, 2YVols. Post
&vo. 305,

~———— German, Dutch, and Flemish Schools of of Painting.
Edled, with wms by Di. Wakawx,  Sccmd Ziiion

LA\GUADE lTus Enomn) A Series of Lectures. By Gimonox
P answ, BAed, with adltions] Chapters aud Note, by Wa. Surr,
Post vo.

LA’I‘[‘I GEAMMAR (Knlu Enwnv Vl'ra 's). For the Use of
icteenth Eiition.

S Book (Ko Eomias Vinas 7, tho Acidence,
!ym-x< and lendy. W&h Lngmn Trln-ll(.\nn l'or Junior Classes.

LATARDS (A. n.) N Being & Nar-
Tativo of Researchen ant Diseovries amidst the Ruins of
ilan Aunt ofthe Clldean Chrstianaof Kuraltan; th Yosadis
or Dovilvertiers: and wn Enquiy fao ch s
e ..;;‘.,.. “Nisyrians. " Sizth Ediom. Plates and Woodents. 3 Vols.

Nineveh and Babylon ; being the Roault
-

of » Second Expedition to, Assyria,
'Or Fine Piper, 2 Vol vor

Popular Ammnc of Nineveh. 15tk Edition. With
‘oodents. - Post 8

LEAKES (Cow) ’l‘upngru.yhy of Athens, with Remarks on its
Seaona Eaition. Plates. 2 Vols. +6vo. 0n,

— 'l'nveh in Northern Greece. Maps, 4 Vols. 8vo. 60s.
— Dilpnud Questions of Ancient Geography. Map.
8vo.

N mismaty Hellenies, and Supplement. Complaﬁmg
 deseriptive Catalogna_of Twelve Thousand Coins, with
Mot Geographica i Hisorical, Wit Map o Rpponiis, "4
——— Peloponnesinca. 8vo. 15s.
~ Degradation of Science in England. 8vo. 35,64,
mes S (C. ) andbook: for Young Painters.  With Ilstrs-
with Selections

from b Co Carrupomlanu Eadted by Tou Tavion. Forrit, 3 Vol
ost

L!le of Sir Joshua Reynolds. With an Account
T¥orks, and a koteh of hia Cotemporaries, By Tox TAYLOR.
Tavtationss” 3 Vota 8

LETTERS FROM TE'B SHORES OF THE BALTIC. By a Lavy.
Postvo. 2,
Maivmas. ByaTaoy. PostSvo. %

Swass Liowe. By a Laor. Bdited by the
Hovoumam Mrs. Nowrox. Post 8vo. 3s, 6.
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LEWIS' (12 0. C) Eway on the Govorament of Dependencics.

== Mdhwhdd'uﬁ-‘hﬂu‘hdﬁinnd
‘wotn of the adjolning Counties,
S u):..mm-l-u-a—-gu.nm-hm

x.mxm,us (Drax) History of Rome. From the Farliest Times
o the Xa QN{'-:rn;:n{\h Ewmpire, With the Wistory of Literature

~ Bmdm- 'Hinnry o{ Rome. Abridged from the
above W Woodcats, Post Bvo. 7s. 04
LINDSAY'S ('Inlh) Lll'- of Ih. Llnéql or, & Memoir of the
T Nurtives Sooed B, 3 Vo, 0. 3
‘——lﬂpoll of lh Clalu of JIIID, Earl of Cn-&rd and
Balearres, o ervated 1n

s
Fallo. 182,

ive Movement in Theology
=Sy

Philcaopby.
LlBPlNGS 'lom Low LA’HTUDB, r, the Jonnu! of ﬂ:a Hon.
ia Gushington, Edited by Lono Dorrmsix,

leA‘l‘URE (lwuln)A A Manual for Students. By
T8 S Bdiad, v ok and Tissirations by Wote S,

o Brmlnu o Selotad from tue Chist
Tuos. ‘B Buaw, M.A. Swirw,

IS Pestves T

LITTLE ARTHURS HISTORY OF ENGLAND. By Last
Catwcors, 1200k Thowssad. With 30 Woodeuts. Feap. Svo. 2u, 6d

IVINGSTONES (Rev. D) Popular Accouat of his
LIVINGSTONES (Rx. Dx) Popular Account of his Missionary
nq.mn vt and

w
ase By s By Lavis :l-en-m"' e et htutes:

uvomur nua. By the Author of “Letters from the
Daltie PostSve, 2o,

LOCKHARTS (J. G.) Ancient Spanish Ballads. Historical and
with Notes, lilusirated Edition. &to. $1x. Or,

Popular Bdition, Post 8vo. 2s.6d,
Lifo of Robert Burns, Fifth Edition. ¥eap. 8vo. 34,
LONDON'S (Busuor o) Dangers and Safeguards of Modern
g %—_bhm**

LOUDON'S (Mss) Instructions for Ladies. With
Hdivion. Woodcuts. Feap.8vo. Sa. s
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LUCAS' (Saxver) Secularia; or, Surveys on the Main Stream of
History. Svo. M.
LVOKNOWt a hdy'l Diary of the Siege. Fourth Thousand.

mm.s (Eu Cnu.un) Blements of Geology; o, the Ancient
hanges of the Barth and iia Intbitasta considered as ilustratt
Sy wosee ‘Wooleus, vo. 185
cological  Evideaoes of the Autiquity of Mun.
Vo g e A
LYTTELTON'S (Low) Ephemera, Pors 05, 108 08
LYTTON'S (812 Epwanp Buuwen) Poems. New Edition. Revised.
ostvo. 10, €d.

KAH[)N‘E galn) History Enghld fmmﬂu anaf Uuecht

un,, T a Narmaive of the Bebellion in Seot
Iand. Postvo, 3.

Histor ryaantuh].m‘luﬁum its Origin till the Peace
of 1783, Post Svo. 3s. 64,

Spain under Ohuhs the Second; 1690 to 170!
Seeond Eifion, Post 6o, . 0ds
_ Life of Willam Pitt, with Extraca from bis MS.
Tapers. Second Fildon, Porisis, 4 Vol Fostswe
o Condé, surmamed the Great. Post s Sipy

—— Belisarius. Second Edition. Post v, 104, 6d.
— Historieal and Critieal Essays. Post 8vo. 35,64

Miscallanies. Second Edition. Post 8vo. 5. 6d.
———— Story of Joan of Arc, Feap. 8vo. ls.

Addresses. Feap. Svo. la

MeCLINTOCK'S (Carr. Six F. L) Narrative of the Duoovery of
49 Estaaf Sic John Brurkiin snd his Compralens fn he Aroto Sas.

KCULLOCHS (I. R.) Colleeud Ediuon of Rmnnol Pnllﬁell
‘Notes and Memoir. Second Edition. 8vo.
MuDOUGALL (Cm.) On Modern Wnr{m as lnﬂ\lenead by
‘Artillery. With Plaus, Post 8o.

mnn (H Suvamzr) On Aldenﬁ le‘ lu Connuﬁnn !m.ll ﬁn
Early History af Sosiety,
b e e

MALCOLM'S (Sll Iml) Sketches of Persin. Zhird Edition.
PostBvo.

MANSEL (Elv H L) Inmlll of Bellzmu ThongM Examined.
‘Being the Bampton Lect “Post 8vo. 75, 64,
MANSFIELD (Stx W, (m.uu) On the Xulmdneh»n of a Gold
Cusroney yto Tudla: n Contribulon to s Litsatare of Polltiet

onomy.  &vo.
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!lhlﬂry af Breeen From the Earliest 'ﬂnn
o the Racan iy Dr. Wik, Swvn.  Woodeuts.

o (Crzxmxs, R) Travels in Peru and Indis, for the
of eollecting Cinchona Plasts, and introducing Bark into
Maps and Ilasteations. Svo, 165,

XABKLAXD‘! (J. E.) Rennnoa due to Holy Places. Third

Fi

nl?.BYA'l'S (Iolm) Hlla:r of Hdﬂnﬂ ltnll-nl Pnn-ry
Porcalain, With & Descrption, o
Flin."hies and Woodcata:
— (Homacs) Jutland, the Danish Isles, and Copen-
hageo. lilustzations. 2 Vols. Poatve. 24
B'adcn and lsle of Gothland. Mlustrations. 2
Vs,
HAH'K!"I (Aw-l-l) Greek Grammar for Schools. "ﬁd
o lacger Grvmmac. 7 Blamfl,. Sk Roion, by
s
MAURELS (J Esaay on the Character, Acti d Writings
of the ":)v-lm Second Edition. m“..;—nh.li.
m@m»mum-‘ By Rionazn

MAYNES (R, C) 'our wliuwl.hCormbhndV
eouver 1 la Porents, Rlvers, Cousis, an and
Ravoons o Coloiaaion:” Toseaion

MELVILLES (Hsxxaxx) Types Omoo; o7, Adventures
hl-—-’uun—u—a::t: FoutSve. T

New South
%ﬂ&wr«um« ew
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MICHLES (Aurcaspes) Siberian Overland Route from Feking
Peteraturg, throagh the Mu‘m Mongolis, Tastary,
e, "Ninps a5 IMusirations,” Svo.
MILLS' (Asvuow) Tndia in 1858 ; A Summary of the Existing
Administration. Secmd Edition. Map. Svo. 10064
———— (Rav. Jomx) Three Months' Residence at Nablus, with
an Aceount of the Modern Samaritans. [llustrations. Post Svo. 108, 61.
MILMAN'S (Dxax) History of the Jews, from the Earliest Period,
‘rought down to, Modern Thines, New Zdition, 3 Vold, Svo. 30s.
- - Christianity, from the Birth of Christ to the
Ahlﬁh.hlh'l_ll!h Emplse. New Biition. 3 Vols.
Latin Christiaaity; including that of the Poes
to the Pontificate of Xi 9Vols, Svo Sis
oy Character and Conduct of the Aposties considered. sa
an Evidence of Christianity. Svo.
v, o and Works of Horaca. With 300 Woodeuta.
2 Vols, Crown
Poetieal Worlu. Plates. 3 Vola. Feap. 8vo, 18s.
Fall of Jorusalem, Fesp. 8v0. 1o
—— (Cavr.E. A) Wayside Cross. A Tale of the Carlist
War, Post8ve. 2o

SHLNES' (B, Moxexzos, Lows Hovanros) Poetical Works. - Feap.

nonzmw Dom'no COOKERY. Founded on Princi
Fmedenl Kngwlolgs i aiayied for Frivaie
B T

MOORE'S (Tmowas) Life and Letters of Lord Byren.  Plates.
6 Vols. Feap.Svo. 18s.

Life and Letters of Lord Byron. Portraita. Royal 8vo. ¢s.
llml“ (Ll;uhuzyd the United Netherlands: from the

lu-m'u-m. 2 Vols. 8vo.
MOUHOTS (Hzswm) Siam, Cambojia, and Lao; & Narrative of

‘Travels and Discoverles. Ilustrations. 2 vols. Svo. 32
MOZLEY'S (Ruv. J. B) Treatise on Predestination. 8vo. 14y,
Primitive Doctrine of Baptismal Regeneration. 8vo. 7a.0d.
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HUNDY‘I (Qltl'nl.) Pen -tl P-dl Sketches in India.

— (Anlnn) An:-n un n-xn Revolution, with
Notlces of 'raveis 1L, and Vietor Emmanvel. Post Svo. 12

MUNROS (Grnnl.luhnnl)l‘bndh‘.n. By the Rav.
G. R.Gruio, PostSvo. s 6d.

AMURCHISON'S (S1x Rovxwicx) Russia in llwpc and the Ural

Mountains, - With Coloured Maps, Boctions, &e. 3 Vols.
Toyal dto.

— Siluria ; w,-mm-,udu ‘Oldant Rorks oor-
* falning Organe Rematay. v, 42

MUSIG AND DRESS, By  Luvr. Reprnted from the * Quartrly

NAFL!R'S ﬁnw:)lw&ﬂuudﬂlmoﬂhlw
o e
~———— Lifo and Letters. Edited by H. A, Bavcs, MLP.
wu. 2 Vols. CrownSvo. 25 v
of General Sir chiefly derived
Tl 2 Ou Tl Aty et

NAUTICAL ALMANACK. Royal 8vo. 2. 6d. (By Awthority.)
NAVY LIST. (Published Quarterly, by Authority) 16mo. 2. 6d.
NEW TESTAMENT 1l 'lain L1
ENT, (1us) llutrated Ly & Plain Esplnaiory
HI-II'A.—AM 'l!u'ulllv MlL
Joxms, 110 Illnstrations, 2 Vols. Crowa Svo.
NEWDEGATES (C. N.) Customs’ Tarifs of all Natians; colloeted
and arranged up o the year 1855, 4to. B0s.
NICHOLLS' (S Gronan) History of tho Englh, Irish sl
— R, H. G.) Historical Account of the Forest of
Dean. Woodeuts, &c. Post Svo. 10s. 6.

Personalities of the Forest of Dean, its successive
" Offelale, Geotzy, asd Commonty, - Post v, 3. 4.
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IMMOH:SII,MI,E‘PI& State of avery Title of Peer-
age which has existed in this Dvnmy sinco the Conquest. By
CougTuure, 8vo,

NIMROD On the Chaco—The Turt-—_snd The Rond, Reprinted
‘Woodcuta. Feap. Svo. 8s.8d.
0 comwn\s a?.) Fiold Bpam of Franee ; or, Hunling, Shooting,

oxm;x-s(x.v W)lnglllh Noluforh\.!nﬁndln designed
B G
PARIS' (Dr) Philowphy in Sport mado Scien st
los of Natural Pl \7' V‘I
Tmmm outh, Nenth Eton, Woodouts, Fost v-,’:u.
PEELS (Gin Rowss) Momoirs,  Edited by Buws Stasuors:
fola, Post Svo. T7a, 6d. each.

rxm mxxmudamumnmuacu
S i
PENROSES (F. O) Priniplet of Aihennn Architecturs, 42d the

he Construetion of the Ancient
R nen ot e, o s By Witk 40 Pates Pocr B30

PERCY'S (Joms, M.D.) Metallurgy of Iron and Steel ; or, the Art
‘of Extracting Metais from their Ores and adapting them o various par-
of Manus tions, 8vo. 4%,

PHILLIPP (C 8 osn Manca) On 8vo. 12s.
PHILLIPS (oss) Memoies of Willim Smith, the Geclogist

7%1.».,.: Yorklim, The Coast, snd Limestone
Part 1, 200—Part TL, s,
Rivers, Mountains, and Sea Coast of Yorkskire.

With Basays on the Climate, Scenery, and Ancient Inhabitants.
Second Edition, Plated. vo, 158,

POPES Lifo and Works. A New Edition. Con-
(huezimom) Lifo and Works. e on-
e -

tnd with & New Lies.
Teiriietions sad Noms: By Rer: Euwx.
Bvo.. (Z the Prese.)

POB‘I‘E'R‘S (Blv I L.) l’lu Years in Damasens.  With Travelsto
sy, Lbanon Seripture Sites, Map and Woodeats,

t

s Accoun
ofth Geograpby, i i mm.m-.uuonmcmm
for n}un’J Sinai, “..aq',' i ¥vols,

& Work

mol harles Darwin Online:



PUBLISHED BY MR. MURRAY. g

PRAYERBOOK Tiinstrated), with 1000 Illustrations of Bor-
m‘?p-q l-u-in 186, cloth; 81, 6. ealf;

rnnm:lmcouwmolm Extracted from

meunoo'n. Wi& 12 Dlustrations, By Orro Sesoxrrn.

QUAET!RLY uvn:w (Tll). 8vo. Gs

mﬂf"x‘n B;rh among the Turkomans and Bedaweens.

HWLINEOF'B ('Rl'v Gronox) Herodotus. A New English
Bt ity Wede po8 et L At A E e

— Hh(uﬂm! !vldlnea- ollhu ml.h of the Scripture
Roconis stated anew.
Five Unﬂ l(onln.‘hl-ol th Ancient World.
Tlustrations. 4 Vols. vo. 16 ench.
Volt T, Chalden aud Aseyria. Vols, IV, Babylon, Madie, sad

m ADDRESSES (Tux). By Jaxss axp Honaos Swrrm.
Feap. Bvo. 1s., or Mise Paper, Portrall, foap.Svo. St
RENNIES Q-P) British Arms in Peking, 1860; Kagosima,

Ptkln and the Pekinese: Narrative of a
enco mnnmnluuuy. Hlustrations. 2 Vel Post Byo.
KEWOLDB’ (S Joswva) His Life and Times. Commenced \1]
R. Lesur, A and continoed by Tox Tation, Portralts aud
Sioairstioser 2 Vein Sre
RICARDO'S (Davin) Political Works. With a Notice of his
Lifoand Writings. By J. k. M'Ovisoct. New Biitiom. 8vo. 10

ROBERTSON'S (Caxo) Hstory of the Christin Church, from
the Apestole Ags to =u—-u-lw-_¢.uun Seoomd
ROBINSONS (Bav, Da) Biblcal Reserchor in the Holy Land:
10 1838 and 1562, Maps. 3 Volu. Bvo. .
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